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The  third  edition  of  Modern  Ophthalmology  was  issued  late  in  the 
year  1913,  after  the  work  had  been  subjected  to  a thorough  revision, 
with  the  addition  of  about  one  hundred  pages  of  new  matter,  and  now 
the  publishers  have  asked  for  a fourth  edition  which  is  herewith  pre- 
sented. The  additions  include  the  mention  of  a few  of  the  standard 
Ophthalmic  Ointments,  an  article  on  “Decentration  of  Lenses/’  a 
description  of  Tot/s  operation,  and  an  article  on  “Transposition  of  Lenses.’’ 
Dr.  Mortimer  Frank,  of  Chicago,  and  Dr.  A.  Edward  Davis,  of  New 
York  City,  have  assisted  in  the  preparation  of  the  Appendix. 

The  author  wishes  to  thank  his  publishers  for  their  kind  co->'  oeration 
and  for  the  excellent  manner  in  which  they  have  issued  this  as  well  as 
former  editions  of  Modern  Ophthalmology. 


Jamfo  Mcjj.es  Ball. 


PREFACE  TO  FIRST  EDITION. 


In  writing  this  book  it  has  been  the  author’s  aim  to  produce  a work 
which  shall  teach,  and  which  shall  be  valuable  alike  to  the  medical  student, 
to  the  general  practitioner,  and  to  the  specialist.  The  author  hopes  that 
he  has  succeeded  in  correctly  representing  the  present  advanced  state  of 
ophthalmic  science  and  practice. 

Regarding  the  arrangement  of  subjects,  the  author’s  experience  as 
a teacher  of  ophthalmology  has  led  him  to  believe  in  the  advisability  of 
combining  embryology,  anatomy,  physiology,  and  diseases  of  the  eye  within 
one  volume.  In  the  clinical  portion  of  the  treatise  congenital  anomalies, 
tutfiors,  inflammations  and  degenerations,  injuries,  and  operations  have 
been  considered  in  the  order  mentioned.  This  is  believed  to  be  a logical 
sequence. 

The  illustrations  may  possibly  be  worthy  of  mention.  Many  of  them 
are  original,  and  have  been  made  either  from  the  author’s  dk  sec  ions  or 
from  sections  prepared  under  his  direction.  The  colored  pictures,  illus- 
trative of  external  diseases  and  fundal  conditions,  are  the  handiwork  of 
Miss  Margaretta  Washington,  of  Philadelphia.  While  °ome  few  have  been 
made  from  sketches  furnished  by  the  author,  the  majority  represent  cases 
examined  in  the  Wills  Hospital  of  Philadelphia  to  whose  staff  the  author 
is  under  great  obligations.  The  uncolored  illustrations  have  been  drawn 
chiefly  by  Drs.  R.  W.  Mills  and  Carl  Visch,  of  St.  Louis.  The  diagrams 
are  the  work  of  several  individuals. 

Finding  it  to  be  impossible  for  him  to  finish  the  volume  within  the 
time-limit  granted  by  the  publisher,  the  author  called  several  well-known 
ophthalmologists  to  his  iiu,  all  of  whom  responded  courteously.  Thus,  the 
subject  qf  “Anomalies  of  the  Muscular  Apparatus”  was  assigned  to  Dr. 
William  Zentm^yei ; “Ocular  Symptoms  of  Nervous  Diseases,”  to  Dr.  Jay 

C.  Knipct  “Diseases  of  the  Orbit,”  to  Dr.  William  T.  Shoemaker;  “Errors 
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of  Refraction,”  to  Dr.  John  T.  Krall;  “Hygiene  of  the  Eyes,”  to  Dr.  Harold 
G.  Goldberg,  all  of  Philadelphia,  and  “Methods  Employed  in  the  Micro- 
scopic Examination  of  the  Eye,”  to  Dr.  W.  E.  Fischer,  of  St.  Louis.  Drs. 
Joseph  Grindon  and  A.  H.  Ohmann-Dumesnil,  of  St.  Louis,  have  given 
assistance  in  the  preparation  of  that  part  of  Chapter  V which  treats  of 
the  dermatologic  diseases  of  the  eyelids. 

The  author  desires  to  thank  the  F.  A.  Davis  Company  for  the  courteous 
treatment  which  he  has  received.  The  publishers  have  spared  neither  pains 
nor  expense  to  make  this  book  a worthy  representative  of  its  class. 


James  Moores  Ball. 
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MODERN  OPHTHALMOLOGY 


CHAPTER  I. 

DEVELOPMENT  OF  THE  EYE. 

The  formation  of  the  eye  is  initiated  by  a protrusion  of  the  lateral 
walls  of  the  primary  cerebral  vesicle.  Thus  the  primary  optic  vesicles  are 
formed,  which  detach  themselves  more  and  more  from  the  brain  until  finally 


Fig.  1. — Transverse  section  V rOv'gn  the  brain  of  a chick:  three 
days’  incnbition.  (Author.) 

(Origin.. ’ dr  iwi  ;g  by  Dr.  Carl  Fiscn.) 

1,  Ectoderm.  2,  Cornea.  3,  kiesenchyma.  4,  Primitive  artery.  5,  Wall  of 
brain-vesicle.  6,  Cavity  t"  l rain-vesicle.  7,  Eye-stalk.  8,  Lens.  9,  Cavity  of 
eye-vesicle.  10,  Ante  Jr  r /'art  of  the  retina.  11,  Posterior  layer  of  the  retina. 
12,  Formation  of  lens-fi.res.  i3,  Cavity  of  lens-vesicle. 


they  are  connect',:1  "ich  it  only  by  a slender  peduncle,  the  eye-stalk.  The 
vesicles  are  tv  flow,  and  their  cavity  communicates  with  the  brain-cavity 
by  means  of  the  canal  in  the  eye-stalk.  The  original  form  of  the  optic 
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vesicle  soon  undergoes  a change  by  the  appearance  of  two  depressions  on 
its  lateral  and  inferior  surfaces.  The  one  leads  to  the  formation  of  the 
lens,  the  other^to  that  of  the  vitreous  body. 

The  formation  of  the  lens  begins  in  the  human  fetus  at  the  commence- 
ment of  the  fourth  week.  W here  the  ectoderm  lies  over  the  primary  optic 
vesicle,  a slight  thickening  is  observed,  which  soon  deepens  into  a slight 


Fig.  2.  The  secondary  eye-vesicle,  with  lens-fossette. 

(After  von  Kolliker.) 

From  a human  embryo  of  four  weeks  (8  millimetres  long).  1,  Mesoderm.  2, 
Ectoderm.  3,  Lens-fossette.  4,  Retina.  5,  Pigment  layer. 

depression.  The  latter  increases,  while  at  the  same  time  its  borders  ap 
proach  and  finally  approximate  and  coalesce,  now  forming  the  st  c ot  the 
lens.  Simultaneously  the  lateral  wall  of  the  primary  vesicle  yields  to  this 
pressure,  so  that  together  with  the  depression  it  is  transformed  into  a 
cup-like  structure  with  double  walls,  through  which  connective  tissue  and 
blood-vessels  grow  into  the  cup.  Thus  the  vitreou-  body,  and  later  the 


Fig.  3.  Constriction  of  the  lens.  (After  Van  Bambeke.) 

Human  embryo  of  fou-  veeks.  1,  Mesoderm.  2,  Pigment  layer.  3,  Retinal 

layer.  4,  Vitreous. 

arteria  centralis  retinae,  are  formed.  The  cup  closes  at  a later  stage  of 
development.  At  first  a defect— the  fetal  eye-cleft — remains,  which,  under 
abnormal  conditions,  can  persist  into  later  life. 

bor  soi  .e  time  the  external  and  internal  layers  of  the  eye-cup  are 
separated  by  a space  which,  by  way  of  the  eve-stalk  canal,  connects  with 
the  , ii.d  vesicle.  Later  they  are  found  closely  approximated,  and  conse- 
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quently  the  eyestalk  is  transformed  into  a solid  mass  with  the  arteria 
centralis  retinae  in  its  centre.  Thus  the  optic  nerve  is  formed. 

Aside  from  the  formation  of  the  vitreous,  the  surrounding  mesoderm 
contributes,  by  its  development,  to  the  structure  of  the  eye,  giving  origin 
to  the  enveloping  membranes,  the  chorioid  and  the  sclera.  It  is  now  neces- 
sary to  examine  more  in  detail  the  development  of  the  essential  parts  of 
the  eye. 

The  Lens. — The  lenticular  sac,  after  separating  entirely  from  the 
ectoderm,  is  formed  by  two  or  three  layers  of  epithelial  cells.  Externally 
it  is  surrounded  by  a thin  membrane,  the  capsule,  the  origin  of  which  is 
yet  doubtful.  Soon  the  anterior  and  posterior  walls  show  differences  in 
the  shape  of  their  cells.  The  anterior  cells  gradually  transform  into  other 
elements,  the  epithelium  lentis,  while  the  posterior  ones  grow  considerably 

Ectoderm 
Mesoderm 


Vitreous 

Cornea 


Retinal  layer 
Pigment  layer 

Sclera  and 
chorioid 

Fig.  4. — The  eye-stalk  and  the  eye.  (Kollmann.) 

Human  embryo  (10.2  millimetres  long). 

in  length.  They  form  a protrusion  into  the  cavity  of  the  ^ac  and  change  into 
lens-fibres;  finally  the  cavity  is  obliterated,  the  ffb"es  reaching  the  opposite 
epithelium.  The  later  growth  of  the  lens  is  obti  ined  by  apposition,  new 
fibres  being  evolved  in  a formative  epithelial  zone  around  the  equator  of 
the  lens.  These  new  fibres  are  arranged  in  joncave  layers,  like  the  scales 
of  an  onion.  While  soon  after  birth  tin  metabolism  of  the  lens  is  only 
slight,  and  is  achieved  by  osmosis,  active  fetal  development  necessitates  a 
special  nutritive  apparatus,  the  tunica  vasculosa  lentis,  around  the  capsule 
of  the  lens.  This  is  a membrane  richly  provided  with  blood-vessels.  At 
the  time  of  birth  this  men  brane  disappears.  "Rarely  it  persists  in  part, 
giving  rise  to  the  condition  known  as  congenital  atresia  of  the  pupil. 

The  Vitreous  Humor. — The  formation  of  the  vitreous  body  begins 
with  the  inferior  dupiession  of  the  primary  eve-vesicle,  commencing  at  the 
lens  and  extending  down  on  the  stalk.  While  in  the  adult  the  vitreous 
does  not  noises  s vessels,  it  is  provided  with  them  during  fetal  life.  They 
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arise  from  the  arteria  centralis  retinae,  and  extend  to  the  posterior  surface 
of  the  lens,  where  they  spread  in  the  tunica  vasculosa  and  pass  over  to  the 
anterior  surface  (Fig.  5).  They  disappear  at  birth,  only  a vestige  remain- 
ing in  the  shape  of  the  hyaloid  canal. 

The  account  given  of  the  development  of  the  vitreous  bodies  is  the  one 
which  has  long  been  accepted.  It  is  proper  to  state,  however,  that  Rabl 
and  Tornatola  consider  the  vitreous  more  essentially  ectodermal  than  meso- 
dermal in  nature,  and  that  it  is  formed  from  the  outer  layer  of  the  primi- 
tive retina.  Lenhossek  states  that  the  fibrillary  portion  of  the  vitreous  is 
undoubtedly  ectodermal  in  origin,  being  formed  by  outgrowths  of  the  cells 
of  the  lens,  and  not  from  the  cells  of  the  inner  layer  of  the  retina. 

The  Secondary  Eye-cup  and  the  Eye-membranes. — In  mammals  the 
cornea  is  a product  of  the  mesenchyma.  Soon  after  the  separation  of  the 
lenticular  sac  from  the  ectoderm  a thin  layer  of  mesenchyma  is  found 


Pupillary  membrane 


Iris 


Long  ciliary  artery 

Short  ciliary  artery 
Capsular  membrane 


Vitreous 


Fig.  5. — Tunica  vasculosa  lent  is.  (After  O.  Schultze.) 

The  pupillary  membrane  of  a human  fetus  of  eight  mc^ti-s;  the  capsular  membrane 
of  a human  embryo  of  six  months.  A piece  of  tl  e \ vea  has  been  removed. 


between  them,  which  by  migratory  celh  greatly  increases  in  thickness. 
The  inner  layer,  adjoining  the  capsule  ol  tlie  lens,  represents  the  pupillary 
membrane  (membrana  vasculosa)  : the  external  one  forms  the  cornea. 
These  two  layers  become  well  define  1 only  when,  by  a cleft  between  them, 
the  anterior  chamber  begins  io  firm.  At  the  same  time  the  external  and 
the  internal  layers  of  the  eye-cup  assume  different  properties.  The  external 
remains  thin  and  is  convened  into  a pigmented  lamella  by  the  deposition 
due  to  an  active  proliferation  of  its  cells.  A differentiation  also  is  seen 
between  the  base  of  the  cup  and  its  rim,  the  former  building  up  the  retina, 
the  latter  actively  participating  in  the  formation  of  the  ciliary  body  and 
the  iris.  The  rim  of  the  cup  becomes  skin  and  undergoes  a considerable 
surface  growth,  squeezing  itself  in  between  the  cornea  and  the  anterior 
surface  of  the  lens,  where  it  leaves  a small  opening — the  pupil.  Like  in 
the  external  layer,  in  this  layer  also  pigment  is  deposited,  which  becomes 
the  pigmented  layer  of  the  iris.  The  adjoining  layer  of  the  mesenchyma 
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furnishes  the  muscular  and  connective-tissue  stroma  of  the  iris.  As  to 
the  ciliary  body,  it  suffices  to  say  that  it  takes  its  origin  equally  from  the 
thinned  marginal  zone  in  conjunction  with  the  attached  mesenchymal  tissue. 
In  the  later  stages  of  development  (fourth  month)  firm  connections  be- 
tween this  body  and  the  capsule  of  the  lens  are  produced  by*- connective- 
tissue  proliferation  of  the  former,  the  zonula  of  Zinn.  The  development 


Fig.  6. — Scheme  of  the  secondary  eye-vesicle. 

(Manz-Ziegler.) 

1,  The  lens.  2,  External  layer.  3,  Eye-cleft.  4,  Space  for  the  vitreous  body. 

5,  Primary  cavity  of  the  eye-vesicle.  6,  Inner  layer  of  the  secondary  eye-vesicle. 

7,  Wall  of  the  hollow  opticus  (eye-stalk).  The  ventral  side  is  turned  toward  the 
observer.  The  stalk  of  the  optic  nerve  has  been  cut  close  to  the  eye. 

of  the  different  layers  of  the  retina  must  be  passed  by  here.  Early  in 
ocular  development  the  mesenchymatous  layer  around  the  eye-cup  differ- 
entiates into  the  two  membranes,  the  chorioid  and  the  sclera. 

The  Optic  Nerve. — Owing  to  the  two  depressions  formed  in  fie  pE 
Til  ary  eye-cup,  the  eve-stalk  is  connected  with  both  layers  of  the  retina. 
The  external  layer  continues  into  the  pigmented  epithelium,  the  Internal 


Fig.  7. — Vertical  section  of  the  anterio.  half  of  an  eye  from  a human 
embryo  of  eight  or  nine  v^eko.  (After  von  Kolliker.) 

into  the  retina.  The  originally  j.  oilow  eye-stalk  gradually  becomes  a solid 
mass,  the  optic  nerve,  which  in  its  distal  end  embraces  the  arteria  centralis 
retinas.  The  way  in  which  m primarily  spindle-shaped  cells  transform  into 
the  final  condition,  in  which  especially  the  formation  of  the  nerve-fibres 
is  produced,  is  yet  much  discussed.  Externally  the  mesencliyma  forms  two 
sheaths,  one  of  which  is  continuous  with  the  pia,  while  the  other  emerges 
centrally  into  the  dura  and  distally  into  the  sclera. 
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Development  of  the  Retina. — The  retina  takes  its  origin  from  the 
internal  layer  of  the  eye-enp,  while  the  external  layer  is  transformed  into 
the  pigment-membrane.  Soon  after  the  formation  of  the  secondary  eye- 
cup,  the  inner  layer,  by  an  active  proliferation  of  its  cells,  begins  to  thicken, 
and  gives  rise  to  two  kinds  of  cells,  the  spongioblasts  and  the  neuroblasts! 


Cornea 

Anterior  chamber 
Stroma  of  the  iris 

Pigment  layer 

Mesoderm 
Retinal  layer 

Fig.  8.  Section  of  two  ciliary  processes  of  a human  embryo, 
enlarged  200  diameters.  (After  Kbischewski. ) 

While  the  former,  by  peculiar  metamorphosis,  provide  the  supporting 
structures  of  the  retina  .(Muller’s  fibres),  and  also  form  the  two  layers 
called  the  membrana  limitans  externa  and  interna,  the  latter  are  the  source 
of  the  various  nerve-cells  found  in  the  retina.  A small  supply  of  meso- 
blastic  tissue  furnishes  the  necessary  amount  of  vascular  structures  (nifern 
centralis  retinas).  Of  the  nerve-cells,  those  near  the  pigment-membrane 


Surface  epithelium 
of  eyelid 
Eyelid  (upper) 
Corneal 

Conjunctival 
epithelium 
Substantia 
propria  comeae 
Lens 

Anterior  epithe- 
lium of  lens 

Conjunctival 


Chorioid 
Pigmented  layer 
of  retina 
Split  between 
retinal  layers 
Retina,  except 
pigmented  layer 

Tunica  vasculosa 
lentis 

Nerve-fibre  layer 
of  retina 


Hyaloid  artery 

Central  artery 
of  retina 

Optic  nerve 


Fig.  9.— Eye  of  limnan  embryo  of  thirteen  weeks.  (After  Lange.) 


undergo  characteristic  changes,  forming  processes  which  perforate  the 
membrana  limitans  externa,  and  later  on  appear  as  the  layer  of  rods  and 
cones.  While  these,  therefore,  lie  externally  to  the  said ‘membrane,  the 
nucleated  c°l -bodies  remain  on  its  inside,  and  appear  as  the  external 
nuclear  layer.  Their  axis-cylinder  processes  take  their  course  toward  the 
centie  ot  the  eyeball.  The  remaining  part  of  the  retinal  nerve-cells  gives 
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rise  to  the  other  layers,  some  becoming  the  bipolar  cells  of  the  inner  nuclear 
layer  and  others  forming  the  large  ganglion-cells  of  the  ganglion-cell  layer. 
All  of  them  converge  toward  the  papilla,  where  they  pass  through  the  retina 
and  the  two  connective-tissue  sheaths  of  the  eye-cup  to  appear  as  optic- 
nerve  fibres.  The  sensory  epithelium  is  formed  latest  in  the  course  of 
development.  In  some  mammals  (cats  and  dogs)  it  appears  only  after 
birth. 

The  part  of  the  retinal  layer  from  the  ora  serrata  to  the  pupillary 
opening  is  not  differentiated  like  the  retina  in  the  fundus  of  the  eye.  Its 
two  divisions,  the  lenticular  and  the  marginal  zone,  enter  into  the  formation 
of  the  ciliary  body  and  iris. 

The  manner  of  formation  of  the  optic-nerve  fibres  is  still  in  dispute. 
Some  observers  claim  that  they  arise  from  the  ganglion-cells  of  the  thalami 
optici  and  the  anterior  corpora  quadrigemina,  while  others  maintain  that 
they  are  nothing  but  the  prolonged  axis-cylinders  of  the  retinal  ganglion- 
cells. 

A well-developed  area  centralis  is  seen  in  the  fifth  or  sixth  month, 
while  the  formation  of  the  fovea  does  not  occur  until  the  eighth  month. 
The  distribution  of  the  capillary  system  from  the  arteria  centralis  is  com- 
plete by  the  sixth  month. 

Accessory  Organs  of  the  Eye. — The  upper  and  lower  eyelids  are  formed 
by  two  folds  of  the  external  skin,  which  grow  from  above  and  below  over 
the  cornea  until  they  meet.  In  many  mammals,  and  so,  too,  in  man,  they 
coalesce  with  their  epithelial  margins  (third  month).  Shortly  befor  * birth 
they  again  separate.  By  these  two  folds  the  conjunctival  sac  is  formed. 
At  the  time  of  coalescence,  by  proliferation  of  the  rete  Malpighii,  the  glands 
of  Meibomius  are  seen  to  grow  into  the  lids  as  solid,  finger-lik<  projections, 
on  which  small  lateral  buds  develop  later.  The  solid  glands  acquire  lumina 
by  the  central  cells  undergoing  fatty  degeneration  and  ^utmn.  Simul- 
taneously cilia  arise,  the  development  of  which  does  net  differ  from  that 
of  other  hair-follicles.  The  lacrimal  gland  appeals  during  the  third  month. 
It  is  formed  by  epithelial  proliferation  of  the  >onj\  nctival  sac  at  the  outer 
part  of  the  eye,  where  the  upper  lid  merges  iniu  the  eyeball.  As  to  the 
lacrimal  canal,  it  must  suffice  to  say  that  il  originates  very  early  from  a 
solid  strand  of  cells  in  which  a lurne?*.  forms.  The  same  is  true  of  the 
canaliculi. 


CHAPTER  II. 

ANATOMY  OF  THE  EYE. 

THE  ORBIT. 

The  eye  is  placed  in  the  bony  cavity  known  as  the  orbit.  (The  orbits 
are  two  in  number  and  are  situated  at  the  upper  and  anterior  part  of  the 
face.)  Each  orbit  is  pyramidal  in  shape,  and  presents  a base,  an  apex, 
four  sides,  and  four  angles,  and  is  composed  of  seven  bones,  viz. : frontal, 


Sinus  front. 


Lamina  papyr.  oss.  ethmoid. 


Foramina  ethmoid. 
Proc.  orbit,  oss.  pal  at. 
Corpus  oss.  sphenoid. 


Os  lac  ri  male 


Sonde  im 
canal,  pteryg. 


For  sphenopalat. 

Fossa  pterygopalat. 

Lamina  lat.  proo.  pteryg. 

Proo.  pyramid,  oss.  palat. 

Sonde  in  can**'1  pi  Ta 


For. 

Fis8ura  orbit,  sup 
Sella  turcica 


Spina  trochlear. 

Pars  orbit,  oss.  front. 


Fossa  ,acv'  i*crim. 
Oi  n.  ’ale 


orbit,  maxill. 


Proo.  undo.  oss. 
ethmoid. 

Proo.  ethmoid,  concha* 
nasal,  inf. 

Proc.  maxill.  conchae 
nasal,  in f. 


Sinus  m axillaris 
Pars  perpendic.  oss.  palat. 


tig.  10.  Inner  wall  t^.e  orbit  and  adjacent  parts.  (His.) 


sphenoid,  ethmoid,  superior  maxillary,  malar,  palate,  and  lacrimal.  Three 
of  these — the  fronts1,  sphenoid,  and  ethmoid — enter  into  the  formation  of 
both  orbits.  Hence,  while  each  orbit  is  composed  of  seven  bones,  the  two 
are  made  up  eleven  bones  only.  The  apex  is  directed  upward  and  in- 
ward, the  bise  downward  and  forward.  If  continued,  the  axes  of  the 
01  bits  v’ould  'toss  in  the  region  of  the  sella  Turcica  of  the  sphenoid. 
The  roof  of  the  orbit  is  formed  by  the  orbital  plate  of  the  frontal  bone 
in  front,  and  the  lesser  wing  of  the  sphenoid  behind.  It  is  concave,  and 
a'  -r0  external  and  anterior  part  presents  a depression,  the  lacrimal  fossa, 
v ich  marks  the  site  of  the  lacrimal  gland.  The  roof  is  always  thin  and 
(8) 
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sometimes  is  wanting  in  part.  In  such  instances  the  dura  mater  and 
periorbita  are  in  contact.  Internally  and  anteriorly  the  roof  presents  a 
depression,  the  trochlear  fossa,  for  the  pulley  of  the  superior  oblique 
muscle.  The  floor  slopes  downward,  forward,  and  outward,  and  is  made 
up  of  the  orbital  plate  of  the  superior  maxilla,  the  orbital  process  of 
the  malar,  and  the  orbital  plate  of  the  palate  bone.  The  inner  wall 
is  formed  from  the  nasal  process  of  the  superior  maxilla,  the  lacrimal, 
ethmoid,  and  sphenoid  bones.  The  outer  wall  is  formed  from  the  orbital 
process  of  the  malar  and  the  great  wing  of  the  sphenoid.  Each  orbit 
is  in  relation  with  the  cranial  cavity  above,  the  antrum  of  Highmore 
below,  the  temporal  fossa  externally,  and  the  nasal  cavity,  frontal, 
ethmoidal,  and  sphenoidal  sinuses  internally.  The  depth  of  the  orbit 
is  one  and  three-fourth  inches  and  is  much  increased  by  the  addition 
of  the  soft  parts.  Foreign  bodies  of  large  size  have  lodged  in  the 
orbit,  where  their  presence  was  unsuspected.  The  orbit  is  lined  by 
periosteum  derived  from  the  dura  mater.  This  is  attached  closely  to  the 
optic  foramen  and  sphenoidal  fissure  behind,  and  to  the  margin  of  the 
orbit  in  front,  where  it  is  continuous  with  the  periosteum  covering  the 
bones  of  the  face.  The  walls  of  the  orbit  in  front  form  a strong  bony  ring, 
the  orbital  margin.  This  protects  the  eye  against  external  force,  par- 
ticularly above  and  below,  where  the  margin  projects  farthest.  Internally 
there  is  no  well-defined  orbital  margin,  but  here  the  nose  protects  the  eye. 
Externally  the  margin  recedes,  and  here  the  eye  is  most  exposed  to  injury. 

Foramina. — Nine  foramina  communicate  with  each  orbit.  They  ire 
the  optic  foramen,  sphenoidal  fissure,  malar  canals,  anterior  and  po-^erior 
ethmoidal,  supra-  and  infra-orbital  foramina,  spheno-maxillarj  1l  is  are, 
and  the  canal  for  the  nasal  duct.  The  optic  foramen , placed  ab^-e  the  level 
of  the  middle  of  the  eye,  is  a round  opening  at  the  apex  vf  the  orbit, 
situated  between  the  two  roots  of  the  lesser  wing  of  the  sphenoid  bone. 
It  transmits  the  optic  nerve  and  the  ophthalmic  anor;  Tne  sphenoidal 
fissure , or  foramen  lacerum  anteriu^,  also  situated  at  the  apex,  is  a slit- 
like opening  between  the  greater  and  lesser  wing*  of  the  sphenoid.  It 
transmits  the  third,  fourth,  and  sixth  nerves  che  frontal,  nasal,  and 
lacrimal  branches  of  the  ophthalmic,  or  filet  division  of  the  fifth,  nerve; 
filaments  from  the  cavernous  plexus  of  tne  sympathetic  nerve,  the  orbital 
branch  of  the  middle  meningeal  artery  tie  recurrent  lacrimal  artery,  and 
the  ophthalmic  vein. 

The  malar , or  zygomaticotemporal  canals , are  small  openings  which 
run  from  the  orbital  plate  of  die  malar  bone  to  the  external  surface  of 
the  same,  and  serve  for  th^  passage  of  nerves  and  vessels.  The  ethmoidal 
foramina  are  two  groove  l\  t»ie  upper  surface  of  the  os  planum.  They  are 
converted  into  fora^_  ina  oy  the  articulation  of  the  frontal  bone  with  the 
ethmoid.  The  a^fcrW  ethmoidal  foramen  transmits  the  nasal  nerve  and 
anterior  ethmr’a-l  artery;  the  posterior  ethmoidal  foramen  gives  passage 
to  the  posterio: 1 ethmoidal  artery.  The  supra-orhital  foramen,  often  only 
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a notch,  is  situated  in  the  supra-orbital  margin  of  the  frontal  bone  at  the 
junction  of  the  inner  with  the  middle  third.  It  can  be  felt  in  the  living 
subject,  and  transmits  the  supra-orbital  vessels  and  nerve.  The  infra- 
orbital foramen , which  opens  upon  the  facial  surface  of  the  superior  max- 
illa, begins  as  a groove  in  the  orbital  surface  of  the  superior  maxillary  bone. 
It  passes  forward  and  terminates  in  a canal  which  has  two  branches.  One 
of  these  ends  in  the  infra-orbital  foramen;  the  other  runs  in  the  anterior 
wall  of  the  antrum  and  is  called  the  anterior  dental  canal.  It  transmits 
the  anterior  dental  vessels  and  nerve  to  the  front  teeth  of  the  upper  jaw. 
The  infra-orbital  foramen  is  for  the  passage  of  the  infra-orbital  vessels 
and  nerve.  The  spheno-maxillary  fissure  forms  the  external  boundary  of 


Fig.  11. — Frontal  section  showing  the  relation  of  the  orbits  to  the 
other  cavities  of  the  skull.  (John  W Murphy.) 


The  section  has  been  made  two  inches  postr^lor  to  the  supraorbital  ridges. 

4,  4,  Cerebrum  cut  through  the  frontal  gyri.  5,  <>.  13  cerebri.  6,  6,  Olfactory  bulbs 
7,  7,  Ethmoidal  cells.  8,  8,  Superior  turbinatcJ  c-lies.  9,  Hiatus  semilunaris  and 
ostium  maxillare.  10,  10,  Antra  of  Highmo'e.  12,  12,  Middle  turbinated  bodies 
13,  13,  Inferior  turbinated  bodies.  14,  Nr.a,  i turn.  15,  Inferior  nasal  meatus. 

16,  Middle  meatus.  17,  Superior  meatu>.  x8  lo,  Nostrils.  19,  Superior  maxillary 
bone.  20,  Oral  cavity.  21,  Tongue.  i,.\  °2,  inferior  maxillary  bone.  23,  23,  Optic 
nerves.  24,  24,  External  recti  mus^I^s.  25,  25,  Internal  recti  muscles.  26,  26 
Inferior  recti  muscles.  27,  27,  Suner  or  . ecti  muscles. 

the  floor  of  the  orbit.  It  is  formed  chiefly  by  the  orbital  plate  of  the  supe- 
rior maxillary  bone,  with  a small  part  of  the  malar  in  front  and  the  orbital 
plate  of  the  palate  bond  behind.  It  transmits  the  superior  maxillary  nerve 
and  its  orbital  branch,  the  infra-orbital  vessels,  and  ascending  branches 
from  Meckel’s  ganglion.  By  means  of  the  spheno-maxillary  fissure  the 
orbit  communicates  with  three  fossae : the  temporal,  zygomatic,  and  spheno- 
maxillary. The  canal  for  the  nasal  duct  is  at  the  inner  and  anterior  part 
of  the  oro'ta1  floor.  It  begins  with  the  lacrimal  groove,  a depression  formed 
by  the  lacrimal  bone  and  the  nasal  process  of  the  superior  maxilla.  The 
dara’  iuns  downward,  outward,  and  backward,  and  opens  into  the  inferior 
Zii  Bams  of  the  nose,  beneath  the  anterior  part  of  the  inferior  turbinated  bone. 
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Interorbital  Space. — This  includes  the  nasal  and  lacrimal  bones,  the 
ascending  processes  of  the  superior  maxillary  bones,  the  frontal  below  the 
level  of  the  supra-orbital  foramina,  and  the  lateral  masses  and  perpendic- 
ular plate  of  the  ethmoid  bone. 

Orbital  Contents. — The  orbit  contains  periosteum,  adipose  and  con- 
nective tissue,  the  eyeball,  muscles,  vessels,  nerves,  glands,  and  ganglia. 
These  form  a soft  cone,  which  fits  accurately  into  the  orbit. 

The  Periosteum  is  derived  from  the  dura  mater.  The  dura  is  closely 
attached  to  the  sphenoidal  fissure  and  optic  foramen,  in  front  of  which 
it  divides  into  two  layers.  The  outer  one  forms  the  periorbita  and  the 
inner  divides  the  orbital  contents  into  different  compartments.  This  layer 
will  be  described  under  the  name  of  the  capsule  of  Tenon.  The  peri- 
orbita, which  presents  numerous  openings  for  the  passage  of  vessels  and 
nerves,  runs  forward  to  the  base  of  the  orbit.  It  is  closely  attached  to  the 


Fig.  12.— Capsule  of  Tenon.  (Motais.) 


Cl,  Internal  capsule  covering  the  posterior  part  of  the  eyeball  and  the  ec*.  is 
externus  (DE).  ADE,  External  check  ligament.  Cl',  Capsule  covering  the  t'nd<n 
of  the  internal  rectus  (/)/).  ADIN,  Internal  check  ligament.  Fc,  Subconjunc^/al 
fascia.  DS,  Superior  rectus.  DI',  Inferior  rectus  muscle. 


orbital  margin,  and  disappears  in  the  periosteum  coverii  g die  bones  of 
the  face.  It  is  loosely  connected  with  the  walls  of  the  o1  bn.  Hence,  in 
fracture  with  effusion  of  blood  or  in  cases  of  purulent  collection,  this  mem- 
brane may  be  extensively  removed  from  the  bone. 

The  Capsule  of  Tenon,  or  oculo-orbit.  l f'.scia,  insheathes  all  the 
organs  which  pass  through  it,  forms  an  acetabulum  in  which  the  eyeball 
rests,  is  continuous  with  the  sheath  of  the  ~ptic  nerve,  forms  a secondary 
attachment  for  the  ocular  muscles,  and  prevents  morbid  collections  in  the 
orbit  from  reaching  the  surface.  I.  covers  the  posterior  four-fifths  of  the 
eyeball  (except  a space  one  centimetre  in  diameter  in  the  middle  of  which 
the  optic  nerve  passes)  and  here  consists  of  two  layers,  between  which  is 
Tenon’s  space.  This  is  cminuous  with  the  subdural  and  subarachnoidal 
spaces  of  the  optic  nerve,  the  capsule  of  Tenon  divides  and  subdivides, 
forming  a covering  cor  every  tissue  in  the  orbit.  Some  anatomists  limit 
Tenon’s  capsule  +o  that  part  of  the  fibrous  envelope  of  the  eyeball  in 
front  of  the  prim  where  it  is  pierced  by  the  ocular  muscles,  and  they  give 
the  name  of  B >nnet’s  capsule  to  the  part  behind.  Tenon’s  space,  accord- 
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ing  to  Schwalbe,  is  a lymph-space;  but  this  is  denied  by  Langer.  That 
part  of  the  dura  which  surrounds  the  optic  nerve  from  its  entrance  through 


Fig.  13— Horizontal  section  of  the  right  orbit,  viewed  from  above. 
(After  vox  Gerlach.) 

rum1,  . 2',  ®eptu-m  orbltale.  3,  Fibres  of  the  orbicularis  palp.  or,, 

rum  muscle.  4,  Tarsal  plate,  o,  Conjunctival  sac.  6,  Outer  palpebral  lu'*n*nt 

iki  TrSi.rnei  8-„W?"  °f  ‘?e  orbit-  9-  External' rectus  muscle.  lO  ^ buai 
Tnr.'ot.1!’  9ptic  nerve-  12  Internal  rectus  muscle.  13,  Inner  check  liganeu*  14 
orblt-  _15'  Attachment  of  the  capsule  of  Tenon  to  the  ’i-.ctiva.’ 

g1and  P 20  Ciliar<yn°pnrocess.  18'  °Uter  CheCk  llgameDt-  '9’  ^acrimaI 


the  optic  foramen  to  the  posterior  surface  of  the  eyeball  is  known  as 
Sonnet  s sheath , or  the  dural  covering  of  the  nerve. 

The  Orbital  Muscles  are  seven:  four  rt-ti,  two  obliqui,  and  the 


( Baker, 


* * c 
Fig.  14. — Inserts  of  the  ocular  muscles  of  the  right  eye. 

after  Fuchs.) 

v,A*EEn  TJrVhA£i8*  Eyeba11  viewed  from  above.  B,  From  the  nasal 

side.  C , froi.  l°1lw.  /),  From  the  temporal  side,  a,  Superior  rectus  muscle  b Tn 

Inferior^bUque.1’  lDterDal  r6CtUS'  ExterDal  ractus  « SunerioToblique.’  ^ 


levator  of  the  upper  lid.  All  of  them,  except  the  levator,  are  attached  to 
the  cveba1!.  The  levator  is  attached  to  the  tarsal  plate  of  the  upper  eyelid. 
All  uxtept  two  of  the  muscles  are  supplied  by  the  motor  oculi  nerve.  The 
exceptions  are  the  superior  oblique  and  the  external  rectus.  The  former 
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is  controlled  by  the  patheticus,  the  latter  by  the  abducens  nerve.  All  of 
the  orbital  muscles  except  the  inferior  oblique  arise  from  the  bone  around 
the  optic  foramen  and  run  forward  to  be  attached  to  the  eyeball  at  different 
distances  from  the  cornea.  The  muscles  pierce  the  capsule  of  Tenon  in 
front  of  the  equator,  and  they  receive  sheaths  from  the  capsule.  The  sheath 
becomes  inseparable  from  the  tendon  on  the  ocular  surface  or  side  of 
pressure,  but  on  the  orbital  surface  it  is  commonly  separable.  According 
to  numerous  measurements  made  by  Fuchs,  the  insertion  of  the  internal 
rectus  is  5.5  millimetres  from  the  cornea ; of  the  external  rectus,  6.9  milli- 
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Fig.  15. — Position  of  eyeball  in  the  left  orbit  and  t.'e  location 
of  the  orbital  muscles.  (Solotta  ^ 


metres;  of  the  superior  rectus,  7.7  millimetres,  of  the  inferior  rectus, 
6.5  millimetres;  of  the  superior  oblique,  16  millimetres;  and  of  the  inferior 
oblique,  17.3  millimetres.  TJnstriped  muscular  fibres  radiating  from  the 
deep  margin  of  the  tarsus  to  the  orbit  have  been  named  Midler’s  palpebral 
i muscle . They  are  more  numerous  5n  the  upper  than  in  the  lower  eyelid. 
In  the  upper  lid  these  fibres  lie  ceueath  the  tendon  of  the  levator  muscle 
and  pass  backward  to  be  lost  in  the  orbit.  The  fibres  in  the  upper  lid  are 
often  affected  in  exophthalmic  goitre.  Muller’s  muscle  is  supplied  by  the 
sympathetic  nerve.  Fibres  of  the  capsule  of  Tenon  pass  from  the  anterior 
extremity  of  each  n usi le  and  find  attachment  in  the  sclera.  It  is  for  this 
reason  that  after  to  ; operation  of  tenotomy  the  affected  muscle  is  able  to 
exert  an  active,  a1  though  reduced,  influence.  After  tenotomy  the  reattach- 
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ment  of  the  muscle  is  more  by  the  capsule  of  Tenon  and  the  conjunctiva 
than  by  the  tendon.  The  levator  palpebrce  superioris  arises  from  the  com- 
mon origin  above  the  rectus  superior,  passes  forward,  becomes  fleshy,  widens 
out  to  form  an  elongated  triangle,  and  is  inserted  on  the  anterior  surface 
of  the  upper  tarsal  plate.  A few  fibres  are  inserted  into  the  sheath  of  the 
palpebral  muscle  and  skin  of  the  upper  lid.  The  levator  is  in  relation  above 
with  the  frontal  nerve,  supra-orbital  artery,  and  periorbita ; below  with  the 
rectus  superior  and  upper  lid.  It  is  sometimes  absent,  producing  congenital 
ptosis.  T he  rectus  superior , the  weakest  of  the  recti  muscles,  arises  from  the 
upper  margin  of  the  optic  foramen,  and  passes  forward  beneath  the  levator. 
It  is  in  relation  with  the  levator  above,  and  sends  a small  muscular  bundle 
to  it.  Below,  it  lies  upon  the  orbital  fat,  which  surrounds  the  optic  nerve, 


Fig.  16. — Muscles  of  the  right  eye,  viewed  iron  behind.  (Sobotta.) 


and  is  also  in  relation  with  the  nasal  new,  ophthalmic  artery  and  vein,  the 
capsule  of  Tenon,  and  the  globe  of  tin  t,ve.  The  superior  oblique  extends 
from  the  common  origin  to  the  internai  angular  process,  where  it  becomes 
tendinous,  passes  through  a pulley,  and  bends  suddenly  backward,  outward, 
and  downward  at  an  angle  of  30  degrees.  The  tendon  passes  beneath  the 
superior  rectus  muscle,  an-1  is  inserted  into  the  posterior  part  of  the  sclera, 
on  a level  with  the  equator  of  the  eye,  and  midway  between  the  superior 
and  external  recti  mu  'clos.  The  superior  oblique  is  in  relation  above  with 
the  periorbita  and  fourth  nerve ; the  tendon  is  in  relation  with  the  superior 
rectus.  Belov  the  muscle  is  in  relation  with  the  nasal  nerve  and  upper 
border  of  the  internal  rectus.  The  trochlea  is  a curved  tubular  pulley 
of  hyalin  cartilage  fastened  by  fibrous  tissue  to  the  trochlear  fossa  of  the 
frontal  bone-.  A true  synovial  membrane  is  rarely  found  lining  the  trochlea. 
The  -elected  tendon,  nearly  twenty  twenty-fifths  of  an  inch  long,  is  cov- 
en d with  a loose  sheath  derived  from  Tenon’s  capsule.  The  external  rectus 
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arises  by  two  heads,  between  which  pass  the  motor  oculi  nerve,  the  nasal 
branch  of  the  ophthalmic  division  of  the  fifth  nerve,  the  sixth  nerve,  and 
the  ophthalmic  vein.  The  muscle  passes  forward,  diverging  at  an  angle 
of  60  degrees  from  its  fellow  in  the  opposite  orbit,  and  is  inserted  into  the 
sclera.  It  is  in  relation  externally  with  the  periorbita;  internally,  with 
the  fatty  cone,  capsule  of  Tenon,  ciliary  ganglion,  ophthalmic  artery,  and 
nasal  nerve.  The  rectus  internus,  the  strongest  of  the  series,  passes  from 
the  optic  foramen  forward,  being  nearly  parallel  with  its  fellow,  and  is 


Periorbita,  green ; muscle-fascia,  red;  Tenon’s  capsule,  yellow. 


Skin  of  lower  lid 

Lower  tarsus 
Palpebral  fascia 
and  ant.  lamina  of 
muscle-fascia 
Orbicularis  palpe 
bra  rum 

Extensionof  sheath 
of  interior  rectus 
to  lower  eyelid 

Fornix  conjunctivae 


Inferior  oblique  muscle, 
cut  across 


8kin  of  upper  lid 
Upper  tarsus 
Cornea 


•bicularis  palpebrarum 
rim  of  orbit,  with 
of  periorbita 
or  insertion 
of  levator  palpebrie 

palpebral  muscle  of 
Fornix  conjunctivae  [Muller 

Connection  between  levator 
palpebrae  and  sup.  rectus, 
and  fibres  to  conjunctiva 
Process  from  periorbita  to 
capsule  of  lacrimal  gland 


rectus 


Posterior  lamina 
muscle-fascia 

Supravaginal  space  contin- 
uous with  Tenon’s  spacer— 
Space  occupied  by  orbital 
processes  of  fascia  separat- 
ing the  lobules  and  enclos- 
ing blood-vessels 

Inferior  rectus 


•Optic  nerve 


Levator  palpebrae  superior , 
Posterior  lamina  of  muscle- 
fascia  lined  by  prolongation  oi 
Tenon's  capsule 


Fig.  IT. — Sagittal  section  of  the  orbit.  (Moirts,  ifter  Sciiwalbe.) 


inserted  into  the  sclera  by  a tendon  which  ‘s  concave  forward.  Its  upper 
edge  is  in  relation  with  the  nasal  nerve  and  ethmoidal  vessels.  The  rectus 
inferior,  the  shortest  of  the  series,  passes  from  the  margin  of  the  optic 
foramen  to  the  sclera,  and  is  attached  at  a point  midway  between  the  1 
internal  and  external  recti.  The  capsule  of  Tenon  covering  its  tendon  gives  I 
off  slips  to  the  lower  lid  in  front  of  the  tarsal  plate  and  to  the  lower  fornix. 
This  muscle  is  in  relation  with  the  optic  nerve,  fatty  cone,  ciliary  ganglion,  i 
and  ciliary  nerves  above,  wt  ile  below  adipose  tissue  separates  it  from  the 
floor  of  the  orbit.  The  inferior  oblique , the  only  orbital  muscle  which  does 
not  arise  from  around  the  optic  foramen,  takes  its  origin  from  the  orbital 
plate  of  the  supenur  maxillary  bone  at  a point  just  external  to  the  lacrimal 
groove.  Its  sin  a 1,  fleshy  belly  passes  backward,  outward,  and  a little  up- 
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ward,  to  be  inserted  into  the  sclera  between  the  external  and  superior  recti, 
and  slightly  nearer  the  optic  nerve  than  the  insertion  of  the  superior 
oblique.  As  it  lies  in  the  orbit  it  is  a flat  band  whose  surfaces  look  upward 
and  downward,  respectively. 


Fig.  18. — Dissection  of  base  of  left  orbit.  (Author.) 

(Original  drawing  by  Dr.  R.  W.  Mills.) 

This  shows  the  insertion  of  the  levator  palpebrae  superioris,  the  lacrimal  gland, 
pulley  of  the  superior  oblique  muscle,  and  orbital  fat. 


Unstriped  muscle-fibres  found  near  the  floor  of  the  orbit  Lave  b'  en 
named  the  orbital  muscle  of  Muller . 

Check  Ligaments. — Near  the  insertions  of  the  recti  muscles  the  an- 


'fc  DS  D1 


Fig.  19. — The  superior  check  ligaments.  (Motais.) 


DS,  Superior  remits.  DI,  Inferior  rectus.  DIN,  Internal  rectus.  DE,  External 
rectus.  AIR,  Levitt,"  palpebrae  superioris.  OS,  Superior  oblique.  GL,  Lacrimal 
gland.  A,  Ictei'm 'scular  fascia.  ASE,  External  superior  check  ligament.  ASI, 
Internal  supv^Kr  heck  ligament.  ATE,  Attachment  of  external  superior  check  liga- 
ment. AT i Attachment  of  internal  superior  check  ligament.  A',  Band  connecting 
the  superior  "ectus  with  the  levator  palpebrae  superioris. 

terior  Vrcr  v,f  the  capsule  of  Tenon  forms  strong,  band-like  processes  called 


check  ligaments.  They  extend  laterally  from  the  external  rectus  and  in- 
ternal rectus  to  the  malar  and  lacrimal  bones,  respectively  (IS,  13,  in 
L’ff  13).  Sappey  found  a small  number  of  muscle-fibres  in  these  bands. 
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Other  check  ligaments  which  are  usually  devoid  of  muscle-fibres  will  now 
be  described.  A band  which' connects  the  superior  rectus  muscle  with  the 
levator  palpebrae  spreads  laterally  and  forms  an  external  superior  check  ligar- 
ment  (ASE,  in  Fig.  19)  and  an  internal  superior  check  ligament  (ASI,  in 
Fig.  19).  The  former  passes  outward  and  divides  into  two  parts,  one  join- 
ing the  check  ligament  of  the  external  rectus  muscle,  while  the  other  part 
is  attached  directly  to  the  margin  of  the  orbit.  The  latter  passes  inward, 
joins  the  sheath  of  the  superior  oblique  muscle,  and  is  inserted  into  the 
trochlea.  Interiorly  a fibrous  band  passes  from  the  rectus  inferior  to  a 
process  from  the  obliquus  inferior  muscle,  the  conjoined  band  being  attached 
to  the  floor  of  the  orbit.  The  check  ligaments  prevent  extreme  muscular 
action,  and  after  tenotomy  prevent  deep  retraction  of  the  muscles.  By 


Fig.  20. — Ophthalmic  division  of  the  fifth  nerve.  (LfivriLUK.) 

1,  Skin  of  the  forehead,  turned  down.  2,  Optic  nerve  3,  Th  rd  nerve.  4, 
Fourth  nerve.  5,  Ophthalmic  division  of  the  fifth  nerve.  6,  L.^i.^ial  branch.  7, 

Union  of  the  fourth  nerve  with  the  lacrimal  branch  of  th^  ti9th.  8,  Frontal.  9, 
Nasal.  10,  Internal  branch  of  nasal. 

acting  on  the  posterior  hemisphere  of  Tenon’s  eansule  they  oppose  excessive 
backward  traction  on  the  part  of  the  recti  muscles,.  In  addition  to  the 
check  ligaments,  other  connective-tissue  fibres  pass  in  an  irregular  manner 
from  one  muscle  to  another  (Howe). 

Nerves  of  the  Orbit. — The  i.erves  contained  in  the  orbit  are  the 
optic,  motor  oculi,  patheticus,  three  branches  of  the  ophthalmic  division 
of  the  fifth,  the  abducens,  and  fi1  aments  from  the  cavernous  plexus  of  the 
sympathetic.  The  optic  nervt  will  be  described  later. 

The  Motor  Oculi , v'9  thirl  nerve,  enters  the  orbit  via  the  sphenoidal 
fissure,  where  it  has  already  divided  into  two  branches:  a superior  and 
an  inferior.  The  A^mer  supplies  the  levator  palpebrae  and  rectus  supe- 
rior, while  the  lat  m is  distributed  to  the  internal  and  inferior  recti  mus- 
cles and  to  the  .rierior  oblique.  The  inferior  branch  also  is  distributed  to 
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the  ciliary  muscle  and  iris  through  the  ciliary  ganglion.  The  motor  oculi 
supplies  all  the  muscles  of  the  orbit  except  two:  the  superior  oblique  and 
the  external  rectus.  The  motor  oculi  contains  about  15,000  fibres,  which 
are  distributed  to  five  muscles  containing  about  40,000  muscular  fibres. 

The  Ciliary , or  Lenticular , Ganglion , sometimes  called  the  ophthalmic 
ganglion,,  is  a small  quadrate  body  about  the  size  of  a pin’s  head.  It  is 
placed  at  the  back  part  of  the  orbit  internal  to  the  external  rectus  muscle. 
It  can  be  found  by  tracing  the  branch  of  the  third  nerve  to  the  inferior 
oblique  backward,  when  the  ganglion  will  be  seen.  The  ganglion  receives 
the  long  root  of  the  nasal  nerve  at  its  upper  posterior  angle;  into  its 


Fig.  21. — Lateral  view  of  the  orbit,  siiOv.ing  the  muscles,  vessels,  and 
nerves.  (Tes^ui  "ini  Jacob.) 

A,  Eyeball.  D,  Skin  and  muscle*,  ol  U'C  forehead.  C,  Conjunctiva.  D,  Pterygo- 
maxillary  fossa.  E,  Maxillary  sinus.  Orbital  adipose  tissue,  a,  Levator  pal- 
pebrae  superioris  muscle,  b,  Supfrio.'  rectus  muscle,  with  its  nerve,  c.  External 
rectus,  with  its  nerve,  tl.  Inf  .nor  ^e'.tus,  with  its  nerve,  e,  Inferior  oblique,  with 
its  nerve.  1,  Optic  nerve,  i,  Gi  nglion  of  Gasser.  3,  Superior  maxillary  nerve. 
4,  Inferior  maxillary  nerve.  5,  Na^al  nerve.  6,  Lacrimal  nerve.  7,  Frontal  nerve.  8, 
Fourth  nerve.  9,  Motor  oculi  nerve.  10,  Ophthalmic  ganglion.  11,  Ophthalmic 
artery.  12,  Infraorbital  a tp"v.  13,  13',  Superior  and  inferior  ophthalmic  veins.  14, 
Ganglion  of  Meckel,  wi‘h  it.,  branches. 


lower  posterior  ar?glQ  liie  short,  thick  root  passes  from  the  nerve  to  the 
inferior  oblique;  and  several  fine  filaments  from  the  cavernous  plexus  of 
the  sympathetic  enter  its  posterior  border.  The  branches  from  the  ciliary  4 
ganglion  arc  given  off  anteriorly,  and  are  about  six  in  number,  called  the 
short  thiary  nerves.  These  pass  forward  in  the  perineural  space,  accom- 
panying the  short  ciliary  arteries,  and  each  branch  divides  into  several, 
so  Hiat  there  are  about  twenty  nerves.  They  pierce  the  sclera,  pass  forward 
in  delicate  grooves  on  its  inner  surface,  and  are  distributed  to  the  ciliary 
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muscle,  iris,  and  cornea.  Before  reaching  the  eyeball  they  are  joined  by 
filaments  from  the  nasal  nerve.  The  branches  of  communication  of  the 
ciliary  ganglion  are : the  motor  branch  from  the  motor  oculi ; the  sensory, 
from  the  nasal  nerve;  and  the  sympathetic,  from  the  cavernous  plexus. 

The  Fourth,  or  Patlieticus,  Nerve,  the  smallest  of  the  cranial  nerves, 
enters  the  orbit  via  the  sphenoidal  fissure,  and  is  distributed  to  the  superior 
oblique  muscle  on  its  upper  surface.  It  consists  of  about  2000  coarse 
fibres,  which  innervate  a muscle  having  about  the  same  number  of  fibres. 

The  Ophthalmic  Nerve,  one  of  the  three  primary  branches  of  the 
great  fifth  nerve,  enters  the  orbit  via  the  sphenoidal  fissure,  after  dividing 
into  the  frontal,  lacrimal,  and  nasal  nerves.  The  frontal  nerve  passes 
between  the  periorbita  and  the  levator  muscle.  Immediately  behind  the 
margin  of  the  orbit  it  divides  into  supratrochlear  and  supra-orbital  branches. 
The  former  escapes  from  the  orbit  internal  to  the  trochlea  and  supplies  the 
periosteum,  the  skin  at  the  root  of  the  nose,  and  inner  part  of  the  upper 
eyelid.  The  latter  emerges  via  the  supra-orbital  foramen  and  supplies  the 
upper  eyelid,  periosteum  of  the  forehead,  and  scalp.  The  lacrimal  nerve 
sends  branches  to  the  lacrimal  gland,  conjunctiva  of  the  external  canthus, 
and  upper  eyelid,  and  gives  off  an  inferior  branch,  which  joins  branches 
of  the  superior  maxillary  nerve.  Branches  from  the  resulting  arc  supply 
the  lacrimal  gland.  Stimulation  of  either  stem  of  this  loop  causes  lacrima- 
tion.  Division  results  in  the  pouring  out  of  a paralytic  secretion.  The 
nasal  nerve  enters  the  orbit  between  the  heads  of  the  external  rectus,  pass.® 
obliquely  across  the  orbit,  enters  the  anterior  ethmoidal  foramen,  pas^s 
between  two  fronto-ethmoidal  cells,  enters  the  cranial  cavity,  crosse.  the 
ethmoidal  plate,  enters  a slit  by  the  side  of  the  crista  galli,  grooves  the 
inner  surface  of  the  nasal  bone,  and  divides  into  three  branches.  These 
are  distributed  to  the  nasal  mucous  lining  and  the  skin  as  far  as  the  tip 
of  the  nose.  Before  entering  the  ethmoidal  foramen  thp  nerv > gives  off 
branches  to  the  ciliary  ganglion,  and  the  long  ciliary  nerves  which  pierce 
the  sclera  and  end  in  the  eyeball.  These  will  be  described  with  the  eye. 

The  Sixth,  or  Ahducens,  Nerve  enters  the  orbit  via  the  sphenoidal 
fissure  between  the  heads  of  the  external  rectum  and  supplies  that  mus- 
cle. It  neither  gives  off  nor  receives  branches  in  the  orbit. 

MecheVs  Ganglion,  or  the  spheno-pala  iinc  ganglion,  deeply  placed  in 
the  pterygo-maxillary  fossa,  gives  off  orbital  branches.  These  reach  the 
orbit  via  the  spheno-maxillary  fissure,  and  are  distributed  to  the  periorbita. 
It  is  by  means  of  these  that  a communication  exists  between  the  spheno- 
palatine and  the  ciliary  ganglia. 

The  Cervical  Sympathetic . — This  part  of  the  nervous  system  is  of 
importance  to  the  ophthalmologist,  since  all  sympathetic  fibres  passing 
to  the  orbit  traverse  he  superior  cervical  ganglion,  except  possibly  those 
which  follow  the  cmirsp  of  the  fifth  nerve.  The  cervical  portion  of  the 
nerve  consists  of  ti  rp'j  ganglia  and  the  intervening  strands. 

The  supeHm  u ervical  ganglion,  the  largest  of  the  three,  is  a fusiform 
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body  about  an  inch  in  length,  and  is  placed  in  front  of,  and  internal 
to,  the  transverse  processes  of  the  second  and  third  vertebrae.  It  gives 
branches  to  the  anterior  divisions  of  the  first  four  cervical  nerves,  to  the 
hypoglossal,  one  to  each  of  the  ganglia  of  the  vagus,  one  to  the  petrous 
ganglion  of  the  glosso-pharyngeal,  several  to  the  carotid  arteries,  the 
pharynx,  several  cardiac  branches,  and  branches  to  the  small  deep  petrosal 
nerve,  the  cavernous  plexus,  the  third  and  fourth  nerves,  and  the  oph- 
thalmic division  of  the  fifth.  The  sympathetic  root  of  the  lenticular 
ganglion  passes  into  the  orbit  either  separately  or  in  conjunction  with 
the  nasal  branch  of  the  fifth  nerve. 


External 


Lacrimal  artery 


Superior  rectus, 
Interior  ophthalmic 
Superior  ophthalmic  vein 


Optic 


Common  ophthalmic  vein 


Commencement  of  superior 
ophthalmiq  vein 

Reflected  tendon  of  superior 

artery 


ethmoidal  artery 


ethmoidal  a •t'/j 

Ciliary  arterit 

'\r*e,  cut 

L<v-ak'“'.c  of  Zinn 
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Supraorbital  artery 
Lacrimal  gl 
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Eyeball 


Optic  commissure 


Inte-ua!  or»c‘,id  - .tery 

Fig.  22. — The  ophthalmic  artery  aud  vein  and  their  brandies,  viewed 
from  above.  (Morris.) 


The  middle  sympathei'r  ganglion,  placed  opposite  the  sixth  cervical 
vertebra,  is  smaller  tha  1 the  superior,  and  is  sometimes  absent.  It  gives 
communicating  branches  to  the  fifth  and  sixth  cervical  nerves,  vascular 
branches  to  the  inf  n.  ior  thyroid  artery  and  thyroid  gland,  and  a middle 
cardiac  branch. 

The  inftrior  cervical  ganglion  lies  on  the  neck  of  the  first  rib.  It 
gives  branches  to  the  seventh  and  eighth  cervical  nerves,  to  the  vertebral 
artery,  and  t>  the  deep  cardiac  plexus. 

Blood-vessels  of  the  Orbit. — The  Arteries  of  the  orbit  are  derived 
from  die  internal  carotid  by  way  of  the  ophthalmic.  The  ophthalmic  artery 
is  given  off  from  the  cavernous  portion  of  the  carotid  almost  at  a right 
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angle:  a fact  which  explains  the  infrequency  of  embolism  of  the  oph- 
thalmic or  of  its  branches  as  compared  with  the  same  process  in  the  vessels 
of  the  brain.  It  enters  the  orbit  through  the  optic  foramen,  lying  below 
the  optic  nerve,  and  gives  off  ten  branches,  as  follows:  (1)  lacrimal,  (2) 
posterior  ciliary,  (3)  supra-orbital,  (4)  central  retinal,  (5)  posterior  eth- 
moidal, (6)  anterior  ethmoidal,  (7)  palpebral,  (8)  muscular,  (9)  frontal, 
and  (10)  nasal.  The  lacrimal  artery  is  the  largest  branch.  It  passes  above 
the  rectus  externus  muscle  to  the  lacrimal  gland,  to  which  it  gives  branches. 
Then  it  leaves  the  orbit  at  the  superior  external  angle  and  terminates  in 
the  external  palpebral.  The  lacrimal  sends  a recurrent  branch  through 
the  sphenoidal  fissure  to  anastomose  with  the  middle  meningeal  artery. 
Other  branches  pass  to  the  malar  foramina,  the  periorbita,  the  external 
and  superior  recti,  and  levator  palpebral  muscles.  The  'posterior  ciliary 
arteries  are  of  two  sets,  the  short  and  the  long.  The  short  ciliary  arteries, 
from  four  to  ten  in  number,  arise  from  the  lacrimal  as  it  crosses  the  optic 
nerve.  They  run  forward  in- a' tortuous  course  surrounding  the  nerve,  and 
pierce  the  sclerotic  perpendicularly  near  the  optic  nerve.  Before  reaching 
the  sclera  each  artery  divides,  so  that  the  short  ciliary  arteries  are  from 
fifteen  to  twenty  in  number.  The  further  course  of  these  vessels  will  be 
traced  in  connection  with  the  anatomy  of  the  eyeball.  The  long  ciliary 
arteries  are  two  in  number;  they  also  run  forward  and  pierce  the  sclera. 
The  supra-orbital  artery , usually  a small  branch,  arises  on  the  inner  side 
of  the  superior  rectus  muscle  over  the  optic  nerve,  passes  out  of  the  orbxc 
via  the  supra-orbital  notch  or  foramen,  and  ends  on  the  forehead,  where 
it  supplies  the  occipito-frontalis  muscle  and  the  periosteum.  In  its  nurse 
it  gives  off  diploic  branches  to  the  frontal  sinus  and  diploe.  Th  ? central 
retinal  artery  is  a minute  vessel  which  enters  the  optic  nerve  from  beneath, 
passes  forward  in  the  substance  of  the  nerve,  and  enters  the  eyeball,  where 
it  supplies  the  retina.  The  comes  nervi  ischiadici  and  the  central  retinal 
are  the  only  arteries  in  the  human  subject  which  trnvrse  me  substance 
of  nerves  for  any  considerable  distance.  The  posterior  and  anterior  eth- 
moidal are  small  vessels  which  pass  to  the  ethmoidal  cells  and  dura  mater. 
The  muscular  branches  are  twigs  which  supply  the  ocular  muscles.  The 
frontal  artery  escapes  at  the  upper  internal  angle  of  the  orbit  and  supplies 
the  inner  part  of  the  upper  lid  and  the  brow.  The  nasal  artery  pierces 
the  orbicularis  palpebrarum  muscles  o Ter  the  internal  palpebral  ligament, 
passes  along  the  root  of  the  nose  +o  anastomose  with  terminal  branches  of 
the  facial  artery,  and  sends  branches  to  the  lacrimal  ske,  canal,  and 
caruncle,  and  to  the  vessel  of  the  opposite  side. 

The  Veins  of  the  Orbit  are  commonly  described  as  two  in  number: 
the  superior  ophthalmia  c nC  the  inferior  orbital  veins.  The  superior 
ophthalmic  vein,  which  forms  the  largest  channel  by  which  the  blood  from 
the  face  and  head  enter  the  cavernous  sinus,  starts  from  the  inner  and 
upper  part  of  tic  orbit,  where  it  communicates  with  the  frontal  and  facial 
veins,  and  passe*  oackward  to  the  sphenoidal  fissure.  On  the  way  it  receives 
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branches  from  the  eyeball,  the  ocular  muscles,  the  ethmoidal  cells,  and  from 
the  inferior  orbital  vein.  This  vein  is  an  important  factor  in  many  ocular 
diseases.  One  of  the  principal  causes  of  thrombosis  of  the  cavernous  sinus 
is  infective  inflammation  within  the  orbit,  passing  backward  through  the 
veins.  The  •inferior  ophthalmic  vein  lies  at  the  floor  of  the  orbit  between 
the  inferior  and  external  recti  muscles,  and  begins  in  venules  derived  from 
the  facial  and  malar  veins.  Through  the  spheno-maxillary  Assure  it  com- 
municates with  the  pterygoid  plexus,  into  which  it  often  empties,  although 
it  may  end  in  the  superior  ophthalmic  vein,  with  which  it  always  anas- 
tomoses. 

Ihe  Intermuscular  Cone  of  Fat. — The  interstices  between  the 
orbital  contents  are  filled  with  adipose  tissue,  and  the  whole  is  bound 
together  by  fasciae.  Adipose  tissue  is  placed  within  the  muscular  cone. 


Superior  lacrimal  gland 
Inferior. lacrimal  gland 


Duct  from  superior  gland 


Pig.  23. — The  lacrimal  apparatus.  (Morris,  after  Jct.walbe.) 

Its  anterior  surface  is  concave  to  fit  the  eyeball  and  is  lined  with  Tenon’s 
capsule.  Adipose  tissue  is  also  present  outsi  ie  of  the  cone,  between  the 
muscles  and  the  periorbita. 

Lymph-vessels  and  Lymphatics,  -These  are  wanting  in  the  orbit. 

Position  of  the  Eyeball. — The  globe  is  placed  not  in  the  axis  of  the 
orbit,  but  below  and  external  to  it.  The  prominence  of  the  eyeball  is 
largely  dependent  upon  the  amou.n  of  adipose  tissue  in  the  orbit;  the 
greater  the  amount  of  adipose,  the  greater  is  the  prominence.  In  emaciated 
subjects  the  eyeballs  are  sunken  from  diminution  of  the  fat  of  the  orbit. 

The  Lacrimal  Apparatus, — This  consists  of  the  lacrimal  gland  of  the 
orbit,  the  accessory  lacrimal  glands  found  in  the  lids,  the  puncta,  cana- 
liculi,  sac,  and  the  nasal  duct.  The  lacrimal  gland,  a compound  racemose 
gland  about  the  si7e  of  an  almond  (larger  in  the  negro  than  in  the  Cau- 
casian), is  attached  by  connective  tissue  to  the  periosteum  at  the  upper 
and  outer  part,  of  the  base  of  the  orbit,  in  a depression  known  as  the  lac- 
rimal fostA  Its  secretion  obtains  exit  by  a number  of  ducts  (six  to  ten) 

whicl  open  upon  the  conjunctiva  near  the  outer  canthus,  above  the  outer 
tarsal  plate. 
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The  accessory  lacrimal  glands  are  about  forty  in  number.  The  largest 
of  these  is  the  one  ordinarily  described  by  anatomists.  It  occupies  the 
loose  connective  tissue  of  the  eyelid  at  its  temporal  extremity,  being 
separated  from  the  orbital  lacrimal  gland  by  its  capsule,  the  levator  mus- 
cle, and  Muller’s  muscle.  In  many  subjects  the  lobules  of  this  gland 
invade  the  lower  lid,  as  well  as  the  upper.  It  presents  several  ducts,  and 
is  composed  of  a varying  number  of  lobules.  Other  accessory  glands  are 
found  in  the  connective  tissue  of  the  fornix  of  the  conjunctiva,  partic- 
ularly in  the  temporal  half  of  the  lid,  although  a few  are  situated  near 


Fig.  24. — The  nasal  duct  and  lacrimal  gland.  (Author.) 

(Original  drawing  by  Dr.  R.  W.  M lls.) 

The  lacrimal  gland  has  been  pulled  forwai  * ';om  its  bed. 

the  inner  canthus.  All  these  glands  present  tne  same  lobulated  structure. 
Their  ducts  are  lined  with  cylindric  epithelium.  The  orifices  of  the  ducts 
are  surrounded  by  lymphoid  infiltrauon.  a condition  causing  the  erroneous 
belief  that  in  the  normal  conjunctiva  of  man  lymph-follicles  exist.  Wal- 
deyer  and  Alt  have  never  found  true  lymph-follicles  in  the  human  con- 
junctiva. The  orbital  lacrimal  gland,  the  largest  of  the  accessory  glands, 
and  probably  the  smallt  * ones  also,  receives  branches  irom  the  facial  and 
probably  from  the  sympathetic.  According  to  Goldzieher,  the  secretory 
nerve  of  the  lacrirru1  gland  is  not  the  fifth,  but  the  facial  nerve,  whose 
fibres  run  through  the  large  superficial  petrosal  nerve  to  the  spheno-palatine 
ganglion  ar<3  dur.ee  to  the  second  branch  of  the  fifth  nerve. 


= — " 
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The  excretory  part  of  the  lacrimal  apparatus  begins  with  the  panda 
lacrimalia,  which  are  minute  orifices  situated  at  the  inner  end  of  each 
lid-margin.  They  mark  the  beginning  of  the  eanaliculi.  Each  canaliculus 
consists  of  a vertical  part,  from  1.5  to  2 millimetres  in  length,  and  a hori- 
zontal part,  which  measures  7 or  8 millimetres.  They  end  in  the  lacrimal 
sac,  either  by  separate  orifices  or  by  a conjoint  opening.  The  eanaliculi 
are  lined  with  eight  to  twelve  layers  of  laminated  polygonal  pavement 
epithelium.  The  lacrimal  sac,  situated  in  a bony  depression  at  the  inner 
lower  angle  of  the  orbit,  is  placed  behind  the  tendo  oculi  and  in  front  of 
Horner’s  muscle.  This  muscle,  known  also  as  the  tensor  tarsi,  arises  from 
the  lacrimal  crest  as  a thin  muscular  sheet  which  is  behind  the  lacrimal  sac; 
it  divides  into  two  slips  which  are  inserted  into  the  posterior  aspect  of  the 


Fig.  25. — Probes  introduced  into  the  ennalieuli  to  show 
their  direction.  (Author.) 


(Original  drawing  by  Dr.  R.  W.  .mills.) 


inner  end  of  the  tarsal  plates.  Horner  . muscle  is  supplied  by  a branch 
of  the  facial  nerve  ; in  action  it  con. presses  the  lacrimal  sac  and  eanaliculi 
by  drawing  the  tendo  oculi  backward  and  the  tarsal  plates  inward.  The 
upper  end  of  the  lacrima1  sac  iS  rounded;  below,  it  showrs  a marked 
contraction  where  it  joins  the  nasal  duct.  The  sac  is  a slit-like  opening 
composed  of  fibrous  and  clastic  tissues,  lined  with  a basal  layer  of  cuboid 
and  an  inner  layer  of  eylmdric  cells.  In  the  sac  the  lining  membrane  is 
disposed  in  numerous  folds.  When  distended  the  diameter  of  the  sac  is 
G or  7 millimetres  and  its  length  is  12  millimetres.  The  nasal  duct  extends 
from  the  lacrimal  sac  downward  from  12  to  14  millimetres,  but  may  be 
prolonged  ii  the  nasal  mucous  membrane  and  measure  20  or  23  millimetres. 
It  opens  beneath  the  inferior  turbinated  bone  by  a vertical  or  oblique  slit. 
The  nasal  duct  presents  many  variations  in  size.  Mr.  Henry  Power,  of 
Louden,  found  in  205  European  skulls  the  diameter  to  average  3.77 
millimetres;  and  in  181  negro  skulls,  4.7  millimetres.  The  direction  of 
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the  canal  is  downward,  backward,  and  outward.  The  lining  membrane  of 
the  duct  is  continuous  with  the  conjunctiva  above  and  with  the  nasal 
mucous  membrane  below.  It  is  covered  with  cylindric  epithelium.  The 
underlying  structure  is  richly  provided  with  lymphoid  tissue.  A dense  net- 
, work  of  veins  exists  between  the  mucous  membrane  and  the  bony  walls  of 
the  nasal  duct. 

The  Eyelids. — The  base  of  each  orbit  is  closed  by  soft  structures,  viz. : 
the  eyelids.  These  are  movable  folds  of  skin,  strengthened  by  dense, 
fibrous  tissue,  and  lined  internally  with  mucous  membrane.  The  upper 
lid  is  the  larger  and  more  movable.  At  the  margin *of  each  lid  the  skin 
and  mucous  membrane  pass  into  each  other,  forming  two  lips  on  the  lid- 
margin.  The  inner  lip  is  nearly  a right  angle,  the  outer  is  rounded.  The 
orifices  of  Meibomian  glands  open  in  front  of  the  posterior  inner  lip,  while 


Fig.  26. — Section  of  tlie  upper  eyelid.  (After  Waldeyer  and  Sciiroet^^, , 


numerous  hair-follicles  and  cilia  are  found  on  the  rounded  anterior  lip. 
At  their  free  margins  the  lids  are  about  2 millimetres  in  thickness.  At 
the  outer  and  inner  angles  of  the  eye  the  lids  are  united.  The  junction 
points  are  called  canthi.  The  interval  between  the  caiAL*  Tanes,  averaging 
about  28  millimetres,  and  according  to  its  extert  °;ves  the  appearance 
of  a large  or  a small  eye.  Throughout  the  >reaicT’  part  of  their  extent 
the  lids  are  closely  applied  to  the  eyeball,  but  at  the  inner  canthus  a 
vertical  fold  of  conjunctiva,  the  plica  sewilvnaris,  intervenes.  The  plica 
is  the  rudiment  of  the  third  eyelid,  m^mbi^na  nictitans,  found  in  many 
animals.  Internal  to  the  plica,  and  filling  the  inner  canthus,  is  a reddish 
elevation,  the  caruncula  laci'imolie . which  is  composed  of  skin  containing 
modified  sweat-glands,  sebaceum  glands,  and  hairs.  The  inner  extremity 
of  each  lid-margin  presents  a snail  elevation,  in  the  centre  of  which  is  an 
orifice,  the  pane  turn  lacrirru’lis,  which  is  the  superior  extremity  of  the 
channel  for  the  remove1  0?  fears.  Above  and  below,  the  conjunctiva  is 
reflected  from  the  lik  on  to  the  globe,  the  connecting  portions  being  called 
the  fornices.  The  upper  fornix  is  much  deeper  than  the  lower. 

Structure  of  the  Lids. — Commencing  externally,  the  skin  of  the 
lid  is  thin  and  Lx,  and  is  covered  with  fine  hairs  having  sebaceous  follicles. 
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There  are  also  sweat-glands.  The  glands  are  imbedded  in  the  subcutaneous 
areolar  tissue,  which  joins  the  integument  loosely  to  the  wbicularis  muscle. 
The  orbicularis  presents  palpebral,  orbicular,  and  ectorbital  fibres.  The 
palpebral  fibres  form  the  sphincter  muscle  of  the  eyelids.  They  arise 
from  the  internal  palpebral  ligament  (tendo  oculi)  : a small  white  cord 
which  passes  from  the  inner  canthus  to  the  nasal  process  of  the  superior 
maxilla.  The  fibres  pass  backward,  traversing  the  upper  and  lower  lids, 
and  unite  at  the  outer  canthus  by  a cellular  raphe,  a part  being  inserted 
into  the  external  tarsal  ligament  and  malar  bone.  The  orbicularis  sends 
fibres  to  surrounding  muscles.  It  glides  easily  over  the  tarsal  plate,  but 
is  attached  by  slips  to  the  integument.  At  the  inner  end  of  the  superciliary 
ridge  of  the  frontal  bone  is  a thick  band  of  muscle-fibres — corrugator 
super cilii  muscle — which  can  be  separated  only  artificially  from  the  deep 
orbital  part  of  the  orbicularis  palpebrarum  muscle.  These  fibres  are  inserted 
into  the  skin  at  the  middle  of  the  eyebrow.  They  are  supplied  by  a branch 
from  the  facial  nerve.  In  action  they  draw  the  midpart  of  the  eyebrow 
inward  and  downward,  as  in  frowning.  A marginal  fasciculus  of  the 
orbicularis,  lying  between  the  eyelashes  and  posterior  lid-margin,  has  been 
named  the  muscle  of  Riolan;  it  is  larger  in  the  upper  than  in  the  lower  lid. 
On  the  free  margin  of  each  lid  is  a dark  line  which  runs  from  one  extremity 
to  the  other — the  intermarginal  line.  It  corresponds  to  the  anterior  Oia*t  of 
the  tarsus  and  marks  the  union  of  the  cutaneous  and  tarsal  portions  of 
the  lid. 

Beneath  the  fibres  of  the  orbicularis  is  a layer  of  (onnective  tissue, 
the  median  connective  tissue.  Beneath  it  is  found  the  tu^sal  plate,  incor- 
rectly known  as  the  tarsal  cartilage,  which  contah's  no  cartilage  cells. 
The  tarsal  plate  is  a firm,  flat  body  composed  of  fibrous  tissue.  The  upper 
plate  is  the  larger.  They  serve  to  give  form  to  the  lids.  At  the  inner 
canthus  the  tarsi  are  fixed  to  the  nasal  process  of  the  superior  maxillary 
bone  by  the  tendo  oculi,  and  externally  they  pass  into  the  external  pal- 
pebral ligament.  The  free  margin  of  cin  tarsal  plate  is  inseparable  from 
the  corium  of  the  lid-margin.  The  c rbital  margin  of  each  plate  passes  into 
the  tarso-orbital  fascia,  or  septum  crbitale.  This  connects  the  tarsus  to 
the  margin  of  the  orbit.  In  upper  lid  the  tarso-orbital  fascia  blends 
with  the  tendon  of  the  levetor  palpebrae.  When  the  lids  are  closed  the 
tarsal  plates  and  tarso-crbhal  fascia  form  a firm,  fibrous  covering  for  the 
eyeball.  Imbedded  in  fne  tarsal  plates  are,  in  the  upper  lid,  about  thirty- 
five,  and,  in  the  lo>~rtr,  about  twenty-four,  Meibomian  glands.  They  are 
long,  acinous  glands  placed  nearly  parallel  to  each  other.  Each  gland 
consists  of  a vertical  duct  into  which  lateral  tubular  acini  open.  The 
opaque  fatty  matter  which  they  contain  permits  them  to  be  easily  seen 
through  the  conjunctiva.  Their  ducts  open  upon  the  lid-margin.  The 
ducts  are  placed  between  the  conjunctiva  behind  and  the  tarsus  in  front. 
Tbp  Weibomian  glands  secrete  the  palpebral  smegma,  which  lubricates 
he  edge  of  the  lid.  The  mouths  of  the  ducts  are  lined  with  stratified  epi- 
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thelium,  while  the  tubes  and  glandular  recesses  have  a lining  of  cubical 
epithelium  tilled  with  fatty  secretion.  Waldeye/s  glands,  known  as  acino- 
tubular  glands,  are  found  near  the  upper  border  of  the  tarsus.  They  are 
erroneously  called  Krause’s  glands — a term  which  belongs  to  the  accessory 
lacrimal  glands.  The  glands  of  Waldeyer  are  composed  of  acini  consisting 
of  a basement  membrane  lined  with  cylindric  cells  placed  around  a central 
lumen.  They  present  an  oval  or  round  nucleus  near  their  base.  Their 
excretory  ducts  are  lined  with  cylindric  epithelium  and  end  in  the  pal- 
pebral conjunctiva.  They  have  been  wrongly  called  muciparous  glands. 
At  the  margin  of  the  lid,  in  front  of  the  muscle  of  Riolan,  are  the  ducts 
of  the  glands  of  Moll , which  are  modified  sweat-glands  resembling  the 
ceruminous  glands  of  the  ear.  Modified  sebaceous  follicles  which  lubricate 
the  cilia  are  known  as  the  glands  of  Zeis.  The  ducts  of  Moll’s  glands 
open  into  the  ducts  of  Zeis’s  glands,  or  directly  into  the  hair-follicles. 
The  eyelashes  are  strong  hairs  arranged  in  two  or  three  rows  along  the 
line  of  union  of  the  conjunctiva  with  the  skin.  Those  of  the  upper  lid 
are  the  longer  and  the  more  numerous  (100-150  in  the  upper,  50-75  in  the 
lower,  lid).  The  hairs  curve  in  an  opposite  direction  in  the  lids,  so  that 
their  convexities  face  each  other.  The  life-period  of  each  hair  is  about 
four  months.  They  are  present  in  all  stages  of  growth.  The  Conjunctiva 
covers  the  posterior  part  of  each  lid  and  is  reflected  on  to  the  anterior  half 
of  the  eyeball.  It  is  a mucous  membrane  and  forms  a sac  which  is  open 
anteriorly.  That  part  of  the  membrane  lining  the  eyelids  is  called  con- 
junctiva tarsi,  while  the  portion  covering  the  anterior  part  of  the  gkbe 
of  the  eye  is  known  as  conjunctiva  bulbi.  Connecting  these,  abov.  and 
below,  are  the  transition  folds  or  fomices,  of  which  the  uppe:  r the 
deeper.  The  conjunctiva  is  continuous  with  the  epithelial  layer  of  the 
cornea.  The  palpebral  portion  is  intimately  connected  with  tne  tarsal 
plate,  while  the  ocular  portion  is  loosely  attached  to  the  globe.  Hence  the 
impossibility  of  closing  rents  in  the  conjunctiva  of  the  Tds,  and  the  ease 
with  which  the  ocular  part  of  this  membrane  mav  V lifted  up  to  close 
losses.  Histologically  the  conjunctiva  consists  of  stratified  columnar  epi- 
thelium placed  upon  a connective-tissue  matrix.  Tnere  is  in  the  matrix  a 
certain  amount  of  diffuse  adenoid  tissue.  True  lymph-follicles  are  not 
found  in  the  human  conjunctiva  (Waldeyer;.  The  ocular  conjunctiva 
presents  the  same  structure  as  the  palp^bnl  portion  except  at  the  corneal 
margin,  where  the  epithelium  changes  from  the  columnar  to  the  stratified 
squamous  type.  Near  the  point  -vhei?  the  tarsus  joins  the  fornix,  the  con- 
junctiva is  studded  with  papillae  separated  by  tubular  depressions.  These 
depressions  are  called  Hende\  glands,  although  their  glandular  nature  is 
denied  by  many  anatomists  ^yin g next  to  the  lid-borders  is  a strip  of 
conjunctiva,  about  3 millimetres  broad,  which  likewise  is  covered  with 
stratified  squamous  epitnelium.  It  is  noteworthy  that  these  are  the  only 
parts  of  the  com’unct  va  free  of  involvement  in  trachoma.  The  conjunctiva 
is  richly  supplied  with  small  blood-vessels  and  with  lymphatic  vessels. 
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The  lymphatic  vessels  of  the  upper  lid  connect  with  those  of  the  pre- 
auricular  region,  and  those  of  the  lower  lid  communicate  with  the  sub- 
maxillary gland.  The  nerve-supply  of  the  conjunctiva  comes  from 
lacrimal,  supratrochlear,  and  infratrochlear  branches  of  the  fifth  nerve. 

Blood-vessels,  Lymphatics,  and  Nerves  of  the  Lids. — The 
Arteries  of  the  eyelids  (Fig.  27)  are  numerous.  Each  lid  has  an  internal 
and  an  external  palpebral  vessel,  the  former  being  derived  from  the 
ophthalmic  and  the  latter  from  the  lacrimal  artery.  The  vessels  pass  from 
the  outer  and  inner  angles  toward  the  centre  of  the  lid,  forming  an  arch, 


Fig.  27. — Arteries  and  veins  of  tip'  (left)  eyelids.  (Merkel.) 

As,  Supraorbital  artery.  A.fr.,  artery.  ~V.fr.,  Frontal  vein.  A.a.f 

Angular  artery.  V.a.,  Angular  vein.  Medial  palpebral  artery.  A n.,  Nasal 

artery.  \.n..  Nasal  vein.  A.tn.e.,  nxt’ujal  maxillary  artery.  V.f.a.,  Anteribr  facial 
vem.  V.t.,  Temporal  vein.  A.'.,  1 mi’/oral  artery.  A.p.l.,  Lateral  palpebral  artery. 

**,  Superior  and  inferior  tar  ial  a'cnes. 

the  tarsal  arcli,  along  the  edge  of  the  lids.  A second  arch,  the  external 
tarsal  arch,  is  found  in  the  upper  eyelid,  where  it  runs  in  front  of  the  upper 
edge  of  the  tarsal  picte.  The  same  arrangement  is  found  sometimes  in 
the  lower  lid.  ^ he  tarsal  arches  are  joined  by  small  anastomosing  branches. 
At  the  margin  ot  the  orbit  are  numerous  anastomoses  which  connect  the 
palpebral  arteries  with  the  superficial  temporal,  supraorbital,  frontal,  nasal, 
and  facial  aiteries. 

The  Veins  of  the  eyelids  are  disposed  in  two  series:  the  pretarsal 
and  +he  post-tarsal.  The  former  empty  into  the  superficial  temporal  and 
"a  -ial  veins,  while  the  latter  pass  into  the  ophthalmic  vein. 
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There  are  likewise  two  networks  of  Lymphatics,  which  follow  the 
corresponding  veins.  The  networks  are  connected  by  vessels  which  pierce 
the  tarsi.  The  lymphatics  empty  into  the  submaxillary,  pre-auricular,  and 
parotid  lymphatic  glands.  The  pre-auricular  gland  is  often  enlarged  in 
gonorrheal  ophthalmia. 

The  Nerves  of  the  eyelids  are  as  follows:  The  levator  palpebrsg  is 
supplied  by  the  third  and  the  orbicularis  palpebrarum  by  the  facial.  The 
sensory  nerves  are  branches  of  the  fifth. 


ANATOMY  OF  THE  EYEBALL. 


The  eyeball  is  a spheroid,  its  average  measurements  in  the  adult  being 
24.3  millimetres  in  its  antero-posterior  diameter,  23.6  millimetres  trans- 
versely, and  23.4  millimetres  vertically.  It  presents  in  front  a transparent 


Fig.  28. — Antero-posterior  section  of  the  eyeball.  (LeveillIL) 


segment  of  a sphere,  the  cornea,  which  forms  a^ort  one-sixth;  and  poste- 
riorly the  opaque  sclerotic,  forming  about  frv  vsix  L,hs  of  the  globe.  The 
cornea  and  sclera  form  the  outer,  or  fibrous,  coat  of  the  eye.  The  second 
coat  consists  of  the  iris,  ciliary  body,  and  c/.or’oid,  which  are  vascular  and 
pigmentary  structures.  The  third,  or  i ancrinost,  coat  is  the  retina,  which 
is  the  expansion  of  the  optic  nerve  Tne  nerve  enters  the  globe  3 milli- 
metres internal  to  the  posterior  pole.  The  average  weight  of  the  eye  is 
7.2  grammes;  its  volume  equais  ubout  6 cubic  centimetres.  At  birth  its 
weight  is  2.2  grammes;  ana  its  antero-posterior  diameter  measures  15.4 
millimetres.  Its  greatest  growth  occurs  during  the  first  year  (Weiss). 
The  anterior  and  poderiu”  extremities  of  a sagittal  section  are  called  the 
poles  of  the  eye,  w uh  a plane  dividing  the  globe  into  a fore  and  hind 
half  is  called  the  equator.  In  an  adult  the  equatorial  circumference  aver- 
ages 77.6  millm  e+res.  Within  the  globe  are  contained  transparent  media : 
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the  vitreous  behind,  the  aqueous  in  front,  and  the  crystalline  lens  inter- 
mediately. We  must  now  consider  these  structures  seriatim . 

The  Fibrous  Coat. — Cornea. — This  transparent  structure,  freely  sup- 
plied with  nerves,  but  devoid  of  blood-vessels,  is  fitted  into  the  sclera  like 
a watch-glass.  It  measures  11  millimetres  in  the  vertical,  and  12  milli- 
metres in  the  horizontal,  diameter.  Its  radius  of  curvature  is  7.8  milli- 
metres horizontally  and  7.7  millimetres  vertically  for  its  anterior  surface, 
and  6 millimetres  for  its  posterior  surface.  It  is  thickest  at  the  rim  (1.2 
millimetres),  and  at  its  centre  measures  0.8  millimetre.  The  anterior  surface 
of  the  cornea  is1  convex;  the  posterior  surface  is  concave,  and  is  of  greater 
extent  than  the  anterior.  The  sclera  overlaps  the  cornea,  forming  a 
whitish  ring  called  the  limbus . Around  the  corneoscleral  junction  is  a 


Fig.  29. — Section  through  the  human  co  pea.  ^Elschnig.) 

Ep,  Epithelium.  MB,  Bowman’s  membrane.  P C’lLstantia  propria.  .1/7),  Des- 
cemet’s  membrane.  N,  Nerve  canal,  f,  Basal  c^lls  s,  Prickle-cells,  h,  Flat 
epithelial  cells. 

slight  groove,  the  sulcus  sclerce.  The  cornea  consists  of  five  layers.  The 
outermost  of  these  is  the  epithelium , vhieh  is  continuous  with  the  epithe- 
lium of  the  conjunctiva,  and  consists  of  six  or  eight  layers  of  cells  at  its 
centre  and  more  at  the  periphery.  The  superficial  cells  are  flat,  the  cen- 
tral ones  irregularly  polygonal  prickle-cells,  and  the  basal  layer  is  colum- 
nar. The  next  layer,  thp  anterior  elastic  lamina , or  Bowmans  layer , is  a 
thin,  homogeneous  lamina,  which  is  thickest  in  the  middle  and  tapers 
tow  aid  the  periphery.  It  measures  0.01  to  0.02  millimetre  in  thickness. 
Although  it  presents  no  corpuscles,  this  layer  does  not  differ  materially 
from  the  next  layer,  the  true  corneal  tissue,  or  substantia  propria.  This 
comprises  the  greater  part  of  the  cornea,  is  continuous  with  the  sclera, 
and  consist  of  fibrillae  which  form  about  twenty  bundles  (lamellae).  The 
fibrihae  aro  cemented  together,  and,  while  running  parallel  with  the  gen- 
eral st  ^face  of  the  cornea,  they  intersect  in  various  wavs.  It  is  in  this 
lcve.’  that  the  corneal  spaces  aTe  found,.  Between  the  lamellae  are  irregular 
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stellate  cell-spaces,  which  can  be  demonstrated  by  staining  the  tissue  with 
nitrate  of  silver  or  chlorid  of  gold.  Passing  from  the  spaces,  or  lacuna, 
are  numerous  canaliculi,  which  connect  each  cell-space  with  other  lacunae, 
constituting  a system  of  lymph-passages.  It  is  by  means  of  the  circulation 
of  lymph  that  the  cornea  is  nourished.  These  spaces  interlace  up  to  the 
corneal  border,  where  they  anastomose  with  the  lymphatic  vessels  of  the 
conjunctiva.  Contained  within  the  cell-spaces  are  the  corneal  corpuscles, 
which  are  distinguished  as  “fixed”  and  “wandering”  The  fixed  corneal 
corpuscles  are  anchored  to  the  wall  of  the  lacuna.  They  do  not  com- 
pletely fill  the  lacuna,  and  from  the  body  of  the  cells  protoplasmic  proc- 
esses pass  in  every  direction  into  the  canaliculi,  thus  connecting  with  other 
corpuscles.  Since  the  corpuscles  and  their  processes  do  not  fill  the  spaces 
in  which  they  lie,  room  is  obtained  for  the  circulation  of  lymph.  The 
wandering  cells  are  lymph-cells  which  have  found  their  way  into  the 


Fig.  30. — Corneal  corpuscles  of  the  dog. 

(Bohm  and  Davidoff.) 

cornea.  In  the  normal  cornea  they  are  few  in  number;  but  under  patho- 
logic conditions  they  are  numerous,  escaping  from  the  marginal  network 
of  blood-vessels.  The  fourth  layer  is  known  as  the  posterior  da.  He  lamina : 
membrane  of  Demours  or  of  Descemet.  This  is  a homogereons,  elastic  layer 
which  forms  the  posterior  boundary  of  the  cornea,  and,  unlike  the  anterior 
elastic  lamina,  is  sharply  separated  from  the  true  cental  layer.  It  resists 
acids  and  alkalies,  but  is  digested  by  trypsin.  It  p>ssesses  great  resisting 
powers  to  pathologic  processes  (and  it  often  prevents  perforation  of  a 
corneal  ulcer).  In  thickness  it  varies  from  0.006  to  0.012  .millimetre, 
the  thinnest  portion  being  central.  A.  lis  periphery  it  breaks  up  into 
bundles  of  fibres,  to  some  of  which  the  uiiary  muscle  is  attached.  A few 
fibres  extend  around  the  angle  of  fin  anterior  chamber  and  pass  into  the 
substance  of  the  iris.  They  form  vhat  is  called  the  ligamentum  pectinatum. 
These  fibres  are  more  numertus  in  the  eyes  of  some  lower  animals  (the 
sheep  and  ox)  than  in  run.  between  the  fibres  passing  from  the  cornea 
to  the  iris  are  the  spumes  of  Fontana , which  are  not  well  marked  in  man. 
The  endothelium,  or  fifth  layer  of  the  cornea,  consists  of  a single  layer  of 
flattened  six-sided  jells  which  line  the  posterior  surface  of  Descemet's 
membrane. 
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Blood-vessels  of  the  Cornea. — In  the  adult  vertebrates  the  centre  of 
the  cornea  has  no  blood-vessels.  In  man  vessels  in  the  form  of  loops  are 
found  at  the  periphery  of  the  cornea,  forming  a zone  from  1 to  1.5 
millimetres  broad.  These  arise  from  the  superficial  conjunctival  arteries. 

Lymphatics  have  not  been  found  in  the  cornea. 

Nerves. — The  nerves  of  the  cornea  are  numerous  and  are  derived  from 
the  long  ciliary  nerves  via  the  nasal  branch  of  the  ophthalmic  division  of 
the  fifth,  the  short  ciliary  nerves  of  the  ciliary  ganglion,  and  a few  con- 
junctival branches  (lacrimal  and  infratrochlear  nerves).  These  pass  into 
the  cornea.  At  a distance  of  1 to  2 millimetres  from  the  limbus  they  lose 
the  medullary  covering,  the  axis-cylinders  forming  a plexus,  the  funda- 
mental plexus , in  the  anterior  part  of  the  substantia  propria.  From  this 


Fig.  31. — The  sclera,  iris,  and  chorioid.  ( Ximier  and  Despagxet.  ) 

1,  Sclera.  2,  Optic  nerve.  3,  Vorticose  vein.  4,  Ciliary  nerves.  5,  Ciliary  plexus. 

6,  Long  ciliary  artery.  7,  Pupil.  8,  xriF.  9,  Ciliary  zone. 

plexus  branches  pass  through  Bowman's  membrane,  forming  a sub  epithelial 
plexus , from  which  small  varicose  fibres  pass  among  the  epithelial  cells. 
The  primary  plexus  also  gives  tfi  branches  to  the  posterior  layers  of  the 
cornea.  Some  of  the  finest  norv  3-fibrils  run  in  the  lacunae  and  canaliculi, 
where  they  are  in  intimate  lelationship  with  the  corneal  corpuscles.  A 
connection  between  the:e  nerve-filaments  and  the  corpuscles  has  not  been 
demonstrated. 

Sclera. — Th^  «c. erotic  forms  the  posterior  five-sixths  of  the  outer, 
or  fibrous,  cost  of  tne  eye.  It  is  the  segment  of  a sphere  whose  radius  of 
curvature  is  1 ? millimetres.  It  is  a white  opaque  membrane,  which  gives 
shape  to  the  eye  and  receives  the  insertions  of  the  ocular  muscles.  Ante- 
riorly its  tissue  merges  with  the  cornea.  At  its  posterior  part  it  is  pierced 
by  fhe  cptic  nerve,  and  here  the  sclera  is  thickest  (1.1  millimetres).  From 
th.s  point  it  becomes  thin  as  it  is  continued  forward,  and  is  only  0.3  milli- 
mf  tre  thick  in  the  anterior  part  under  the  recti  muscles.  It  becomes  thicker 
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(0.6  millimetre)  at  the  insertion  of  the  recti  tendons.  It  is  composed  of 
white,  fibrous  tissue,  elastic  fibres,  connective-tissue  corpuscles,  and  pig- 
ment-cells. The  bundles  of  white,,  fibrous  tissue  cross  at  right  angles, 
some  being  continuations  of  recti  tendons,  others  following  the  course  of 
the  obliques.  Between  the  scleral  bundles  are  lymph-spaces  containing  a 
few  fixed  connective-tissue  cells.  The  sclera  contains  few  blood-vessels, 
no  true  lymphatic  vessels,  and  a few  nerves  derived  from  the  ciliary  (short 
and  long)  nerves.  Posteriorly,  about  3 millimetres  internal  to  the  antero- 
posterior axis,  the  optic  nerve  pierces  the  sclera,  the  axis-cylinders  entering 
the  eye  through  the  lamina  cribrosa.  This  part  will  be  more  fully  described 
in  connection  with  the  optic  nerve.  Externally  the  sclera  is  smooth,  and 
is  connected  with  the  conjunctiva  by  loose  connective  tissue,  the  episcleral 


Fig.  32. — Corneal  nerves  of  the  pig.  (After  Rollett.) 

1,  1,  Larger  nerves.  2,  Plexus  beneath  Bowman’s  layer.  3,  3,  Temim.1  twigs 
ascending  through  the  epithelium.  4,  Subepithelial  plevu.- 

tissue . Internally  the  sclera  presents  a number  of  fine  grooves  for  lodgment 
of  the  ciliary  nerves,  and  a delicate  membrane,  the  amina  fusca,  which 
belongs  to  the  next  coat  of  the  eye.  Anteriorly  he  sfiera  is  continuous  with 
the  cornea,  and  here  the  sclera  presents  a beveled  edge.  The  line  of  union 
is  more  peripherally  situated  internally  than  externally.  Hence  the  sclera 
overlaps  the  external  layers  of  the  cornea. 

The  Vascular  Coat. — The  vase  lar  and  pigmentary  coat  consists  of 
the  iris,  ciliary  body,  and  choriold,  collectively  called  the  uveal  tract. 

The  Iris  forms  a movable  diaphragm,  placed  in  front  of  the  lens 
and  suspended  in  the  aqueous  humor.  It  separates  the  anterior  from  the 
posterior  chamber.  The  opening  in  the  iris  is  called  the  pupil.  It  is 
almost  circular,  and  7*s  placed  slightly  to  the  inner  side  of  the  centre  of 
the  iris.  It  constantly  caries  in  size  during  life,  and  its  average  diameter 
is  4.4  millimetres.  The  color  of  the  iris  varies  with  the  age  of  the  subject 
and  the  latitude  of  the  country.  In  the  newborn  the  iris  is  of  a light 
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grayish-blue  color;  later  it  becomes  darker  from  development  of  the  stromal 
pigment.  In  northern  countries  blue  and  gray  irides  are  the  most  frequent. 

Structure  of  the  Iris. — The  framework  of  the  iris  is  connective 
tissue,  inclosing  blood-vessels,  nerves,  pigment-cells,  and  muscular  fibres. 
The  anterior  surface,  except  at  the  pupillary  edge,  is  uneven,  and  presents 
crypts  and  folds.  The  latter  are  of  two  kinds:  structural,  or  permanent, 
folds;  and  contraction  folds,  or  furrows,  which  vary  with  the  movements 
of  the  iris.  The  anterior  layer  of  the  iris  is  an  epithelial  covering  con- 
tinuous with  the  fifth  layer  of  the  cornea.  In  dark-skinned  races  these  cells 
contain  pigment-granules.  The  stroma  of  the  iris  consists  of  cells  and 
fibres  of  connective  tissue  forming  a delicate  mesh  in  which  vessels  and 
nerves  are  found,  as  well  as  pigment-granules.  The  muscular  tissue  is  of 
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Fig.  33. — Radial  section  of  the  human  ir  s.  [Author. ) 

(Original  drawing  by  Dr.  Carl  FiSCH.) 


1,  Endothelial  layer.  2,  Anterior  limiting  layer.  Vascular  layer.  4,  Posterior 
limiting  layer.  5.  Pigment  layer.  6,  Pigment-cell.  (,  capillary.  8,  Internal  limiting 
membrane.  9,  Sphincter  pupillae  muscle.  10,  Pupil*  ^ margin. 

the  involuntary  variety  and  presents  iwo  kinds  of  fibres:  circular  and 
radiating.  In  the  posterior  part  Ol  the  stroma  near  the  pupil  is  a ring 
of  muscle-fibres — sphincter  pupi'da,  —sphincter  iridis,  forming  a circular 
zone  0.6  millimetre  broad.  T^e  posterior  part  of  the  stroma  of  the  iris 
forms  a fine  layer — postevor  limiting  layer — Bruch’s  membrane,  which 
represents  the  lamina  vitrea  of  the  chorioid  and  in  many  animals  contains 
muscle-fibres.  Lying  between  Bruch’s  membrane  and  the  pigment  epithe- 
lium is  a thin  layer  containing  radial  muscular  fibres — dilator  pupillw , 
Recent  researches  thow  that  the  dilator  muscle  is  composed  of  a single  row 
of  spindle-cel1  s with  rod-shaped  nuclei.  At  the  periphery  of  the  iris,  fibres 
from  the  d' la  tor  muscle  spread  outward  and  backward  and  are  lost  in  the 
connective  Tissue  of  the  ciliary  body  (Alt).  At  the  pupillary  border  the 
fibrts  ot  Hie  dilator  blend  with  those  of  the  sphincter.  The  muscle-fibres 
of  die  iris  can  be  seen  only  in  specially  stained  bleached  sections.  Both 
sphuicter  and  dilator  are  epithelial  muscles.  The  former  develops  at  about 
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the  fourth  month,  the  latter  at  about  the  seventh  month,  of  embryonic 
life.  Both  arise  from  the  retinal  epiblast  (A.  von  Szili,  Jr.).  The  pigment 
varies  in  situation  in  various  irides.  In  light-colored  eyes  the  only  pig- 
ment is  that  found  on  the  posterior  surface  of  the  iris.  This  layer  is  absent 
in  albinos.  In  dark  eyes  pigment-granules  are  found  in  the  stroma  of  the 
iris  and  in  the  cells  of  the  anterior  surface  in  addition  to  the  posterior 
layer.  The  posterior  layer — pigment-epithelium — also  called  the  retinal 
part  of  the  iris,  is  made  up  of  pigment-cells  and  is  a continuation  of  the 
pigmentary  layer  of  the  retina,  which  consists  of  two  layers  of  pigment. 


These  pass  forward  in  a wavy  course  to  the  pup  liar  * edge  of  the  iris,  where 
they  unite  and  turn  slightly  forward. 

The  Arteries  of  the  Iris  are  branch eo  ■'rom  the  long  and  anterior 
ciliary  and  the  vessels  of  the  ciliary  pro(  ess  ?s.  The  two  long  ciliary  arteries 
pierce  the  sclera  on  each  side  of  the  op^ic  nerve,  pass  forward  between  the 
sclera  and  chorioid,  and  divide  inm  branches,  forming  a vascular  ring, 
large  arterial  circle , around  the  periphery  of  the  iris.  From  this  circle 
small  branches  pass  to  the  uliary  muscle,  while  others  run  toward  the 
pupil,  around  which  they  form  the  small  arterial  circle . The  five  or  six 
anterior  ciliary  arteries  arise  from  the  muscular  and  lacrimal  branches  of 
the  ophthalmic  artery  mid  pierce  the  sclera  just  behind  the  cornea.  They 
supply  the  ciliary  ;jr)cesses  and  join  the  great  arterial  circle.  In  addition 
to  these,  other  mall  arteries  pass  from  the  ciliary  processes  to  the  iris. 
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The  anterior  conjunctival  arteries  are  small  vessels  which  become  promi- 
nent in  inflammatory  conditions  of  the  conjunctiva.  They  anastomose  with 
the  anterior  ciliary  arteries. 

The  Veins  of  the  Iris  follow  the  course  of  the  arteries,  and  end  in  the 
venae  vorticosse.  There  are  no  lymph-vessels  in  the  iris.  Both  arteries  and 
veins  present  perivascular  lymph-spaces. 

The  Nerves  of  the  Iris  are  numerous.  They  come  from  the  ciliary 
branches  of  the  lenticular  ganglion  and  the  long  ciliary.  There  are  about 
fifteen  of  the  former.  They  pierce  the  sclera  around  the  optic  nerve,  pass 
forward  imbedded  in  grooves  on  the  inner  surface  of  the  sclera,  and  com- 
municate before  distribution.  They  supply  the  cornea,  ciliary  muscle,  and 
iris.  In  the  iris  they  follow  the  course  of  the  vessels  and  form  a plexus 
of  non-medullated  fibres.  Fibres  from  the  motor  oculi  supply  the  sphincter 
pupillae.  The  nerve-supply  of  the  dilator  fibres  is  in  dispute.  Many 


Fig.  33. — Injected  blood-vessels  of  iris,  ciliary  body,  ana  chorioid 
of  man.  X 7.  (Bohm  and  DavtoofA  ); 


authors  state  that  the  dilator  is  supplied  by  the  sympathetic,  but  late 
researches  show  that  the  dilator  fibres  do  not  1 ave  their  course  exclusively 
through  the  cervical  sympathetic.  Afte’  excision  of  the  superior  cervical 
ganglion  and  an  inch  of  the  sympathetic  nerve  below  it,  the  author  has 
found  the  pupil  reflex  to  be  prese  it.  Phis  observation' seems  to  confirm 
the  view  of  those  physiologists  who  hold  that  dilating  fibres  pass  out 
directly  from  the  brain  along  tje  fifth  nerve.  The  iris  possesses  vaso-motor 
nerves,  and  vaso-constrictc”  fibres  run  in  the  cervical  sympathetic  (Par- 
sons) . 

The  Ciliary  Body  includes  that  portion  of  the  uveal  tract  placed 
between  the  termination  of  the  chorio-capillaris,  opposite  the  ora  serrata 
behind,  and  the  umiphery  of  the  iris  in  front.  It  is  connected  with  the 
lens  by  the  zon^u  of  Zinn.  The  ciliary  body  is  in  the  shape  of  a triangular 
prism  with  its  acute  angle  placed  posteriorly  and  bent  upon  itself  so  as 
to  form.  a.  ring.  The  uveal  tract  is  closely  attached  to  the  fibrous  coat  at 
only  tw l places:  one  is  around  the  optic-nerve  entrance;  the  other  is  at 
the  T>fint  where  the  tendon  (annular  ligament)  of  the  ciliary  muscle  is 
attached  to  corneoscleral  tissue.  The  ciliary  body  consists  of  the  ciliary 


ANATOMY  OF  THE  EYE. 


37 


muscle,  ciliary  processes,  ciliary  glands,  and  the  usual  connective  tissue, 
blood-vessels,  and  nerves.  To  examine  these  parts  in  situ  the  student 
should  cut  away  the  posterior  three-fifths  of  the  eye..  Looking  from  within, 
this  part  of  the  uveal  tract  is  seen  to  consist  of  three  parts:  the  ciliary  ring, 
the  ciliary  'processes , and  the  ciliary  muscle . The  ciliary  muscle,  however, 
cannot  be  seen  from  behind;  it  must  be  examined  in  an  antero-posterior 
section  of  the  globe.  The  ciliary  ring,  or  orbiculus  ciliaris,  also  called 
pars  non-plicata , is  a circular  tract,  4 millimetres  broad,  extending  from 
the  ora  serrata  to  the  ciliary  processes.  In  this  zone  we  note,  in  contradis- 
tinction to  the  cliorioid,  the  absence  of  chorio-capillaris,  the  presence  of  mus- 
cular fibres  connected  with  the  ciliary  muscle,  and  the  change  in  the  stroma, 
which  here  consists  of  fibrous  connective  bundles  instead  of  elastic  layers. 


Fig.  36. — Meridional  section  of  the  iridocorneal  zone.  (Elschnio.) 

SB,  Limbus.  E,  Endothelium  of  the  cornea.  L,  Lens.  Z,  Zcju*1  uf  Zinn. 
Ql,  Vitreous  body.  CF,  Ciliary  processes.  Ml,  Hyaloid  membrane.  Sf ch,  Canal  of 
Schlemm.  Camj,  Large  arterial  circle  of  the  iris. 


The  Ciliary  Processes  (pars  plicata),  the  most  internal  part  of  the 
uveal  tract,  have  the  same  structural  arrangement  **  the  chorioid,  being 
composed  of  pigmented  epithelial  cells,  non-pignented  cvlindric  cells,  hom- 
ogeneous intercellular  substance,  blood-vessels,  and  nerves.  In  the  ciliary 
processes,  unlike  the  chorioid,  there  are  no  capillaries,  the  arteries  passing 
directly  into  the  veins.  The  processes  up  sent  glandular  invaginations  of 
the  pigmented  epithelium  covering  ti.eir  free  surface.  These  will  be 
described  elsewhere  as  the  ciliary  glands.  The  ciliary  processes  are  seventy 
to  eighty  in  number.  They  form  the  radial  vascular  folds  projecting  from 
the  inner  surface  of  the  cilhr  * body.  After  rising  to  the  height  of  1 milli- 
metre they  end  at  the  base  of  1he  iris. 

The  Ciliary  Mvsrie  torms  the  third  zone,  or  division,  of  the  ciliary 
body.  It  consists  of  radial  and  circular  fibres.  The  former  arise  from  the 
internal  surface  'f  the  corneoscleral  junction,  between  the  canal  of 
Schlemm  and  the  anterior  chamber.  They  pass  backward  to  the  ciliary* 


38 


MODERN  OPHTHALMOLOGY. 


processes  and  orbiculus,  and  constitute  the  radial  ciliary  muscle.  These 
fibres  are  attached  to  the  chorioid  coat  opposite  the  ciliary  processes  and 
farther  back.  Hence  the  name  tensor  chorioidece  given  by  Briicke.  The 
size  of  this  muscle  varies  in  different  eyes  according  to  the  antero-posterior 
diameter.  Thus,  in  the  short  (hypermetropic)  eye  the  muscle  is  smaller 
than  in  the  long  (myopic)  eye,  as  can  be  seen  in  Figs.  38  and  39. 
Many  of  the  shorter  radial  fibres  pass  out  of  their  meridional  course  and 
join  the  circular  fibres,  or  Muller’s  annular  muscle.  This  part  of  the 
ciliary  muscle  is  placed  internal  to  the  longitudinal  fibres,  and  forms  a 
circular  ring  around  the  periphery  of  the  iris  at  the  base  of  the  ciliary 
processes. 

Ciliary  Glands. — In  the  ciliary  body,  in  front  of  the  ora  serrata,  are 
small  processes,  each  consisting  of  a group  of  cells  (Fig.  40).  The  cells 
are  arranged  in  rings  with  a central  lumen.  These  glands,  according  to 


Fig.  37. — Meridional  section  of  human  ciliary  proct^sc®.  (Piersol.) 

/,  Interstitial  connective-tissue  stroma,  covered  by  retina1  lav^rs  (R).  i o Inner 
clear  and  outer  pigmented  layers  of  cells,  f,  Fibr  es  ti&oue  of  the  processes. 


Xicati  and  Collins,  secrete  the  aqueous  burner,  and  are  the  seat  of  patho- 
logic changes  in  serous  iridocyclitis.  It  is  proper  to  state,  however,  that 
some  observers  do  not  accept  this  description  of  the  ciliary  glands,  although 
the  researches  of  Treacher  Collins  seem  to  have  established  their  existence. 

The  Blood-vessels  and  Neri  -s  of  this  part  of  the  eye  have  been 
described  in  connection  with  the  ir  s. 

The  Chorioid.  The  chcrioid  is  a dark-brown  membrane  placed 
between  the  sclera  and  retina.  It  is  separated  from  the  sclera  by  a large 
lvmph-space  traversed  by  a loose  meshwork  of  fine  connective  fibres  form- 
ing the  suprachorioid  membrane.  In  this,  stellate  pigment-cells  are  found, 
irregularly  disposed  or  in  patches;  and  lymphoid  cells  also  occur  here! 
The  lymph-space  between  the  chorioid  and  sclera  is  lined  by  endothelial 
cells,  and  communicates  with  the  capsule  of  Tenon  at  the  points  where  the 
vessels  and  nerves  pierce  the  sclera.  The  chorioid  proper  consists  of  a 
connective -tissue  stroma,  supporting  blood-vessels  of  different  sizes.  The 
following  layers  are  noted  from  without  inward : The  layer  of  large  vessels ; 
ti’O  ayer  of  small  vessels,  or  chorio-capillaris  ; and  the  homogeneous  layer, 
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or  lamina  vitrea.  The  layer  of  large  vessels,  also  called  tunica  vasculosa 
Halleri)  is  composed  chiefly  of  veins  closely  arranged  and  often  anastomosing. 
The  intervascular  spaces  contain  numerous  pigment-cells.  A surface  view 
of  this  layer,  examined  in  the  living  eye  with  the  ophthalmoscope,  shows 
a plexus  of  bright  lines,  the  vessels  resting  upon  a dark  background.  This 
is  the  picture  to  which  the  name  of  tessellated  fundus  is  given.  The  largest 
vessels  of  this  layer  are  placed  superficially  (externally)  ; the  smallest  are 
most  internally  placed,  adjacent  to  the  chorio-capillaris ; and  the  vessels 
of  medium  size  occupy  a midway  position.  Of  the  largest  blood-channels, 


Fig.  3S.— Section  through  the  ciliary  Fig.  39.— Section  through  the  ciliary 

region  of  an  hypermetropic  r gion  oi  a myopic  eye. 

eye.  (Iwaxoff.)  (Iwaxoff.) 


the  four  vence  voriicosce  are  most  prominent.  Their  tributaries  collect 
blood  from  the  chorioid,  ciliary  body,  and  iris.  The  veins  of  the  chorioid 
are  inclosed  in  lymph-spaces : perivascular  lymph-sheaths.  The  capil- 
laries of  this  layer  are  derived  tinm  the  terminal  branches  of  the  short 
ciliary  arteries.  The  chorio-capillaris,  misnamed  membrana  Ruyschii, 
consists  of  large-sized  cap: dories  closely  placed  with  very  narrow  inter- 
spaces and  no  pigment.  Ti  e lamina  vitrea,  or  membrane  of  Bruch,  is  the 
most  internal  layer  o*  the  chorioid.  It  supports  the  pigment-layer  of  the 
retina. 

The  Tapeb.ru  — In  some  animals  the  stroma  between  the  large  vessels 
and  the  chorio-capillaris  is  fibrous,  and,  being  highly  reflective,  causes 
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their  eyes  to  shine.  This  layer  is  called  the  tapetum.  In  many  of  the 
domestic  animals  it  consists  of  wavy  bundles  of  connective  tissue.  In  the 
carnivora  the  reflex  is  due  to  the  presence  of  plate-like  cells  containing 
innumerable  small  crystals. 


Fig,  40. — Bleached  section  showing  glands  of  the  ciliary  body. 
X 300.  (Treacher  Collins.) 


Anatomy  of  the  Corneoscleral  Junction. — The  fourth  hiyei  of 
the  cornea,  near  the  corneoscleral  junction,  divides  into  a number  cJ  fibres. 
Some  of  these  give  attachment  to  the  ciliary  muscle,  while  cfhers  pass 


3 — 
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Fig.  41  - \ r»rtical  section  of  the  chorioid.  (Boiim  and  Davidoff.) 

1,  aLMiia  vitrea.  2,  Chorio-capillaris.  3,  Layer  of  large  vessels. 

4,  Suprachorioidea.  5,  Sclera.  X 130. 

around  u.e  i ingle  of  the  anterior  chamber  to  join  the  iris  and  form  the 
ligamentam  pectinatum  iridis . The  fibres  passing  to  the  iris  are  covered 
witu  endothelial  cells  continued  from  the  membrane  of  Deseemet;  but 
ti.^se  cells  do  not  cover  the  interspaces  between  the  bund'es  of  fibres,  and 
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for  this  reason  the  fluid  in  the  anterior  chamber  communicates  freely  with 
the  interspaces.  The  spaces  in  this  sponge-like  tissue  are  known  as  the 
spaces  of  Fontana,  and  are  larger  in  the  eyes  of  the  ox  and  sheep  than  in 
the  human  eye.  A similar,  but  larger  space,  the  canal  of  Schlemm,  is 
found  within  the  sclera  at  its  junction-  with  the  cornea.  It  is  a flattened 
circular  channel,  elliptic  in  section,  and  is  often  double  or  treble  in  parts 
of  its  course.  It  communicates  with  Fontana’s  spaces,  and  by  these  with 
the  aqueous  chamber.  It  also  is  connected  with  the  veins  in  the  anterior 
part  of  the  sclera.  Hence,  the  aqueous  humor  can  leave  the  eyeball  via 
the  spaces  of  Fontana,  the  canal  of  Sclilemm,  and  the  scleral  veins. 
Schwalbe  found  that  spaces  and  veins  were  filled  with  a colored  fluid 
which  had  been  injected  into  the  anterior  chamber.  The  canal  of  Schlemm 
must  be  regarded  as  a venous  channel,  although  many  anatomists  believe 
that  it  is  a lymph-channel.  It  certainly  is  the  drainage  apparatus  of  the 
eye.  The  canal  of  Schlemm  is  visible  in  living  eyes  possessing  a thin 
sclera  (found  in  young  girls).  Under  oblique  illumination  it  appears  as 
a dark  line  concentric  with  the  corneal  margin.  The  dark  color  indicates 
that  the  canal  in  life  contains  blood  (Fuchs). 

Iridocorn*eal  Angle. — The  point  of  junction  of  the  iris,  cornea, 
sclera,  and  ciliary  muscle  forms  an  important  part  of  the  eye,  both 
anatomically  and  pathologically.  The  angle  of  the  anterior  chamber,  as  this 
part  is  sometimes  called,  becomes  blocked  in  glaucoma. 


THE  OPTIC  NERVE,  RETINA,  LENS,  AND  VITREOUS. 

The  Optic  Nerve. — This  nerve,  derived  from  the  primary  optic  vesicle 
of  the  embryo,  is  regarded  as  a part  of  the  brain.  It  is  cbHsibie  into 
cranial,  orbital,  and  ocular  portions.  The  nerve  is  about  5 r-rntimetres 
long,  of  which  3 centimetres  are  in  the  orbit,  1 centimetre  is  'n  the  optic 
canal,  and  1 centimetre  is  intracranial.  Its  width  is  5 nhlimetres.  The 
nerve  ends  anteriorly  in  the  retina.  The  nerves  of  the  opposite  sides  are  con- 
nected by  the  optic  commissure.  Behind  the  commissure  they  are  named 
the  optic  tracts.  Each  optic  tract  has  two  origms*  one  from  the  stratum 
opticum  of  the  corpora  quadrigemina,  the  Other  from  the  optic  thalamus. 
Passing  backward  the  optic  tract  ends  in  ganglion-cells  of  the  pulvinar, 
anterior  quadrigeminal,  and  external  annulate  bodies.  From  these,  gan- 
glion-cell fibres,  named  optic  radiations,  passed  backward  to  end  in  ganglion- 
cells  of  the  cortex  of  the  poster!  part  of  the  occipital  lobes.  The  optic 
fibres  are  distributed  to  the  occipital  lobe,  including  its  mesial  surface,  the 
cuneus.  The  cuneus  is  bounced  by  the  parieto-occipital  fissure  above  and 
in  front,  and  by  the  calcarine  fissure  below.  It  is  this  region,  the  cuneus 
and  the  parts  around  die  calcarine  fissure,  which  is  the  visual  area  of  the 
cerebrum.  Each  opt>  tract  winds  around  the  corresponding  crus  cerebri 
and  passes  inward  «r>J  forward  to  join  its  fellow  in  forming  the  commissure. 

The  optic  tcac ; and  commissure  are  composed  of  medullated  nerve-fibres 
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bound  together  by  neuroglia.  They  have  no  neurilemma.  Their  blood- 
supply  comes  from  small  vessels  supplying  the  front  part  of  the  brain  and 
pia  mater.  The  optic  nerves  are  composed  of  medullary  fibres,  neuroglia, 
and  blood-vessels  surrounded  by  pia  mater.  The  orbital  portion  of  the 
optic  nerve  is  covered  in  addition  by  the  arachnoid  and  dura  mater.  Lymph- 
spaces  exist  in  the  nerve  and  between  its  coverings  in  the  orbit. 

The  Retina. — The  expansion  of  the  optic  nerve  within  the  eye  is  a 
delicate  membrane  called  the  retina.  External  to  it  is  the  chorioid,  and 
internally  it  rests  on  the  hyaloid  membrane  of  the  vitreous  body.  The 
retina  extends  from  the  entrance  of  the  optic  nerve  to  the  pupillary  margin 
of  the  iris,  and  is  divisible  into  three  zones:  (1)  the  optic  part,  reaching 
forward  to  an  irregular,  serrated  margin  situated  just  behind  the  ciliary 
processes  (ora  serrata)  ; (2)  the  ciliary  part,  extending  from  the  ora 
serrata  to  the  ciliary  margin  of  the  iris;  (3)  the  iridal  part,  covering  the 
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Fig.  42. — Diagram  of  occipital  region  of  right  cerebral  hemispheres. 
A,  from  inner,  B,  from  oute  , aspect. 


posterior  surface  of  the  iris.  The  optic  prrt,  alone  sensitive  to  light,  is 
divisible  into:  (1)  an  outer,  or  neurc epithelial,  layer;  and  (2)  an  inner, 
or  cerebral,  layer.  Each  of  these  is  microscopically  separable  into  several 
layers. 

The  ciliary  and  iridal  parts  of  the  retina  contain  no  nerve-elements, 
and  are  simply  pigment  la\°r?.  The  retina  varies  in  thickness  from  the 
macula  (0.5  millimetre^  to  the  ora  serrata  (0.1  millimetre).  Its  inner 
surface  is  smooth : its  outer  surface  is  adherent  to  the  chorioid.  The 
inner  surface  presents  three  points  of  interest : the  macula  lutea,  the  fovea 
centralis,  and  iht  porus  opticus.  The  first,  known  as  the  yellow  spot , is 
in  the  axis  oi  the  globe.  It  is  elliptic  in  shape,  and  measures  from  1 to  2 
millimetres  in  diameter.  In  its  centre  is  a depression,  the  foveci  centralis , 
0.2  to  0.4  millimetre  in  diameter.  Here  the  structure  is  much  changed, 
as  v'U  be  explained  later.  About  3 millimetres  to  the  nasal  side,  and  1 
millimetre  below  the  yellow  spot,  is  the  poms  opticus,  the  place  where  the 
optic  nerve  pierces  the  retina  and  expands  into  its  inner  layer.  The  optic 
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disc  forms  a slight  elevation,  colliculus  nervi  optici.  In  its  centre  is  a 
physiologic  excavation,  the  point  from  which  the  retinal  vessels  branch. 
The  color  of  the  retina  is  a light  pink  in  the  fresh  eye;  if  kept  in  a dark 
place  for  some  minutes  before  removal,  it  is  a purple-red.  Exposure  to 
sunlight  bleaches  it.  Boll  discovered  the  retinal  purple,  which  Kuhne 
named  rhodopsin.  It  is  found  in  all  parts  of  the  retina  except  the  macula, 
fovea,  and  ora  serrata.  After  death  the  retina  becomes  opaque. 

Layers  of  the  Retina. — Microscopic  study  of  the  retina  has  claimed 
the  attention  of  a host  of  observers  from  the  time  of  Heinrich  Muller  to 
the  present  day.  Recent  researches  have  resulted  in  a classification  of  the 
retinal  layers  much  different  from  that  of  the  early  writers.  The  later 
anatomists,  particularly  Ramon  y Cajal,  using  the  Golgi  stain,  give  the 
following  layers: — 


1.  Pigment  epithelium  layer. 

2.  Layer  of  rods  and  cones. 


G.  Layer  of  bipolar  cells. 


7.  Layer  of  amakrine  cells. 


3.  Granules  of  the  nerve-cells. 

4.  Outer  plexiform  layer. 

5.  Layer  of  horizontal  cells. 


8.  Inner  plexiform  layer. 
.9.  Ganglion-cell  layer. 


10.  Layer  of  nerve-fibres. 


Fig.  43. — The  macula  near  the  fovea  centralis.  X 80. 


(Photomicrograph  by  Dr.  G.  S.  Dixon  of  a section  by  Du.  J.  E.  Weeks.) 


These  are  shown  diagrammatically  in  Fig.  45,  after  GMgi's  method. 
For  the  purpose  of  histologic  description,  the  following  lesignations 
are  most  conveniently  used : — 


f 1.  Pigment  epithelium. 


I 2.  Layer  of  rods  and  cones 
1 3.  Membrana  limitans  exte^a. 

4.  Outer  nuclear  layer  and  layer  of  Henle’s  fibres. 


I.  Neuron 


Optic  Part  of  the  Retina. — As  a1  ready  mentioned,  this  part  of 
the  retina  is  divided  into  two  layers,  the  neuroepithelial  and  the  cerebral, 
each  of  which  consists  of  a number  of  laminae;  so  that,  including  the  pig- 
mentary layer,  this  part  is  composed  of  ten  different  strata.  Besides  the 
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nervous  epithelial  elements,  the  retina  contains  supporting  structures  (not 
of  connective-tissue  origin),  the  most  important  of  which  are  the  radial, 
or  Muller,  fibres.  They  run  from  the  inner  surface  of  the  layer  of  rods 
and  cones.  Their  distal  end  is  conically  enlarged,  and  the  bases  of  these 
cones  join  together  to  form  the  so-called  membrana  limitans  interna.  Their 
nuclei  lie  within  the  inner  granular  layer;  along  their  whole  course  they 
send  out  processes  in  all  directions.  There  are  in  the  outer  reticular  layer 
other  supportive  cells,  which  are  called  concentric  cells;  near  the  entrance 
of  the  optic  nerve  glia-cells  are  found.  To  these  supportive  structures,  too, 


Fig.  44. — Hexagonal  cells  from  the  vigment  layer  of  the  retina 
of  a rabbit.  (Autiiob.) 

(Pliotomicrograph  b"  T>u  Ti.  P.  Weli.s.) 


belong  fibres  which  arise  from  the  membrana  limitans  externa,  and,  basket- 
like, surround  the  bases  of  tne  rods  and  cones. 

Cerebral  Layer. — TIk  Lyer  of  nerve-fibres  consists  of  non-medul- 
lated  axis-cylinders  arranged  in  bundles.  They  are  most  numerous  at  the 
site  of  entrance  of  the  optic  nerve,  and  run  radially  to  the  ora  serrata  (see 
macula  lutea).  For  the  most  part  they  are  centripetal  fibres  derived  from 
the  ganglionic  layer,  but  there  are  centrifugal  fibres  coming  from  cerebral 
ganglionic  cell",  which  end  free  in  this  layer. 

The  layer  of  ganglion-cells  (ganglion  nervi  optici)  is  a single  layer 
of  largc  multipolar  cells,  sending  an  undivided  process  (axis-cylinder) 
to  the  layer  of  nerve-fibres  and  dendritic  processes  toward  the  inner  retic- 
uW  layer,  where  they  form  a dense  network  with  the  corresponding  proc- 
esses of  other  ganglion-cells. 
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This  inner  reticular  (plexiform)  layer  is  formed  by  a very  fine  net- 
work of  supportive  tissue,  in  which  processes  of  all  the  ganglion-cells  of 
the  retina  are  imbedded. 

The  elements  of  the  inner  granular  layer  are  of  very  different  types. 
Its  innermost  layer  is  formed  by  large  multipolar  ganglion-cells,  which 
send  processes  into  the  inner  plexiform  layer.  Many  of  them  emit  also 


Fig.  45. — Diagram  of  the  structure  of  +tie  human  retina  according 
to  Golgi’s  method.  'Greeff.) 

7,  Pigment  epithelium  layer.  II,  Reus  nu  cones.  Ill,  Granules  of  the  visual 
cells.  IV,  Outer  plexiform  layer.  V . ayer  of  horizontal  cells  VI,  Layer  of 
bipolar  cells.  VII,  Layer  of  anukint  c,.lls.  MU,  Inner  plexiform  layer  7X, 
Ganglion-cell  layer.  X,  Layer  of  ut -ve  flares.  1,  Diffuse  amakrine  cell.  2,  Diffuse 
ganglion-cell.  3,  Centrifugal  ne.ve  flDre.  4,  Amakrine  association  fibres.  5, 
Neuroglia-cells.  6,  MUller’s  raffial  fibres. 


an  axis-cylinder  to  the  layer  o’  nerve-fibres.  The  remaining  strata  of  this 
layer  are  mostly  chai  ncterized  by  the  presence  of  small  bipolar  cells  (gan- 
glion retinae)  wliM.  s.iow  a centrifugal  process  ramifying  in  the  inner 
plexiform  layer  , .if  another  one  reaching  to  the  outer  reticular  layer, 
where  it  divides  In  a maze  of  fine  fibrillse.  All  of  the  bipolar  cells  are 
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provided  with  a process  that  penetrates  between  the  visual  cells  and  ends 
\vith  a little  thickening  at  the  level  of  the  membrana  limitans  externa.  The 
most  external  part  of  the  layer  is  taken  up  by  large  and  small  spider-shaped 
cells,  from  each  of  which  an  axis-cylinder  is  sent  to  the  layer  of  nerve- 
fibres,  while  numerous  fine  processes  enter  into  the  outer  plexiform  layer. 

The  outer  plexiform  layer,  like  the  inner  layer,  is  a network  of  fibres 
of  the  supporting  substance,  which  contains  the  process  just  mentioned. 
Tn  it,  too,  the  concentric  cells  are  found,  as  well  as  some  displaced  ganglion- 
cells,  which  belong  to  the  ganglion  retinae. 

Xeuroepithelial  Layer. — This  lamina  contains  the  rod-  and  the 
cone-  cells,  which  are  peculiar  by  the  fact  that  their  nuclei  lie  in  the  lower 
half  of  the  cells,  while  the  rest  of  the  cell  perforates  the  membrana  limitans 
externa,  thus  seemingly  appearing  separated  from  the  lower  half.  This 
peculiarity  gives  rise  to  the  appearance  of  two  layers,  the  outer  granular 
layer  (the  nuclei  of  these  cells)  and  the  layer  of  the  rods  and  cones.  The 
rods  and  cones  consist  of  two  halves,  an  outer  homogeneous  part  (cylindric 
in  the  rods  and  conic  in  the  cones),  and  an  inner  granular  part.  In  the 
cones  the  inner  part  is  thick  and  swollen.  The  nuclei  of  the  rod-cells  show 
two  or  three  transverse  striae,  and  the  inner  parts  of  rods  and  cones  contain 
a peculiar  filamentous  apparatus.  The  number  of  rods  exceeds  that  01  the 
cones  considerably.  They  are  arranged  in  regular  intervals.  Those  por- 
tions of  these  visual  cells  which  are  in  contact  with  the  omd  plexiform 
layer  show  a characteristic  striation  (the  fibrous  layer  of  Henle). 

The  pigmentary  lamella  finally  is  formed  by  a single  layer  of  hexag- 
onal pigmented  cells.  Their  sides  toward  the  chornicisa  are  pigment-free 
and  contain  the  nuclei. 

This  arrangement  of  the  retinal  layers  is  somewhat  changed  within 
the  macula  lutea  and  the  fovea  centralis.  Tielicate  optic  fibres  proceed 
directly  from  the  entrance  of  the  optic  nerve  to  the  nearest  medial  portion 
of  the  macula,  while  all  the  shorter  fibre’  pursue  a convex  course  and  unite 
at  the  periphery  of  the  macula.  At  the  macula  the  laver  of  ganglion-cells 
consists,  instead  of  a single  one.  of  eight  to  nine  layers  of  cells.  The 
inner  granular  layer,  too,  is  considerably  increased  in  thickness.  The 
neuroepithelium  consists  rmy  cf  cone-cells;  so  that  here  the  latter  alone 
form  the  layer  of  Henle. 

Toward  the  fovea  i he  layers  of  the  retina  become  gradually  thin.  The 
layer  of  nerve-fibres  almost  disappears  and  the  layers  of  the  cerebral  por- 
tion confluesce  to  a thin  lamina ; so  that  in  the  centre  the  fovea  consists 
only  of  the  nouroepithelium. 

Hearing  the  ora  serrata  one  after  another  the  different  layers  become 
thinner  aid  finally  disappear;  only  the  radial-  fibres  persist. 

Ciliary  AND  Iridal  Parts  of  the  Retina. — The  former  consists  of 
a single  layer  of  elongated  cylindric  cells,  which  originates  from  the  union 
between  the  outer  and  inner  granular  layer.  Their  surface  is  covered  by 
a cuticula,  while  on  the  outside  they  are  connected  with  the  pigment  layer. 
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In  the  iridal  part  we  distinguish  two  layers:  an  anterior,  with  spindle- 
shaped,  and  a posterior,  with  polygonal,  pigment-cells.  The  posterior 
surface  is  covered  with  a thin  cuticula,  the  limitans  iridis,  which  is  derived 
from  the  membrana  limitans  interna  retinae. 

As  to  the  connection  of  the  nervous  elements  of  the  retina,  the  cells 
of  the  ganglion  nervi  optici,  as  well  as  the  star-shaped  cells  of  the  inner 
nuclear  layer>  furnish  the  centripetal  optic  fibres,  while  the  centrifugal 
fibres  end  free  in  the  inner  nuclear  layer.  The  cells  of  the  ganglion  retinae 
do  not  possess  axis-cylinders.  Their  connection  with  the  rest  of  the  nerv- 
ous elements  is  effected  by  means  of  the  nervous  plexus  in  the  inner  and 
outer  plexiform  layer.  The  visual  cells  are  the  ones  sensitive  to  light. 

The  Optic  Commissure. — This,  called  also  the  chiasma,  is  formed  by 
the  union  of  the  optic  tracts  in  their  course  forward.  It  rests  on  the  optic 
groove  of  the  sphenoid  bone.  Above,  it  is  attached  to  the  brain,  and  is  sepa- 
rated from  the  third  ventricle  by  a gray  membrane,  the  lamina  cinerea. 
External  to  the  chiasma  is  an  area  pierced  by  a number  of  small  arteries, 
the  anterior  perforated  spot.  Behind  it  is  the  posterior  perforated  spot  and 
a conic  membranous  process,  the  infundibulum,  connected  with  the  pitui- 
tary body.  The  chiasma  consists  of  the  true  and  the  accessory  tracts.  The 
true  tracts  are  of  two  kinds:  the  crossing  fibres  from  the  nasal  sides  of 
the  retinae,  which  occupy  the  centre,  and  the  uncrossed  fibres  from  the 
temporal  sides  of  the  retinae,  which  occupy  lateral  positions.  The  fibres 
originating  in  the  macula  lutea  have  been  so  carefully  traced  of  late  year* 
as  to  call  for  the  naming  of  a third  class  of  fibres,  the  “macular  fascicle  ” 
Some  of  these  decussate,  while  others  do  not.  The  accessory  fibres  are 
those  of  Meynert  and  Van  Gudden.  They  are  fibres  arising  from  the 
internal  geniculate  body  of  one  side,  which,  passing  forward  to  the  optic 
chiasma,  traverse  its  posterior  border,  and  then  bend  backward  u end  in 
the  internal  geniculate  body  of  the  other  side.  They  play  no  oa  f in  vision. 
While  the  commissure  of  Van  Gudden  lies  within  the  posterior  angle  of 
the  chiasma  itself,  and  is  only  with  difficulty  diffm  mtiated  from  the 
decussated  optic  fibres,  the  fibres  of  Meynert  are  distinctly  separated  from 
the  chiasma  by  a thin  layer  of  gray  substance  1 heir  course,  too,  runs 
parallel  to  the  posterior  angle  of  the  chiasma. 

Crossing  of  the  Optic  Fibres. — Earn  optic  nerve  consists  of  two 
bundles  of  fibres : an  outer  and  an  inne  \ The  outer,  consisting  of  fibres 
coming  from  the  outer  half  of  the  retina,  do  not  cross,  but  pass  to  the 
same  side  of  the  brain;  the  inner,  derived  from  the  inner  half  of  the 
retina,  cross  to  the  opposite  side  iff  the  cerebrum  and  end  in  the  pulvinar, 
anterior  quadrigeminate,  an^  external  geniculate  bodies.  Thus,  the  right 
pulvinar,  right  anterior  \\\i  dr  geminate,  and  external  geniculate  bodies 
receive  fibres  from  the  nasal  half  of  the  left  eye  and  the  temporal  half  of 
the  right  eye.  Thus,  cecussation  of  the  chiasma  is  not  complete,  but 
is  a semidecussation.  Owing  to  the  manner  of  crossing,  the  right  halves 
of  both  retinae  ai  d the  left  halves  of  the  visual  fields  belong  to  the  right 
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optic  tract,  while  the  left  halves  of  both  retinae  and  the  right  halves  of 
both  visual  fields  belong  to  the  left  tract.  Objects  situated  to  the  left  of 
the  observer  become  known  to  him  by  excitation  of  the  right  occipital  cortex, 
and  vice  versa.  The  fact  of  semidecussation  of  the  optic  nerves  permits 
the  explanation  of  half-sight — hemianopsia,  or  hemiopia. 

Orbital  Portion  of  the  Optic  Nerve— The  orbital  part  of  the 
nerve  is  a firm,  white,  rounded  cord,  3 centimetres  in  length  and  5 milli- 
metres in  diameter.  It  does  not  pass  straight  to  the  eyeball,  but  forms 
an  S-shaped  bend,  thus  permitting  an  extensive  range  of  movement  of  the 
globe.  In  passing  through  the  optic  canal  the  nerve  lies  on  the  outer 
side  of  the  ophthalmic  artery.  In  the  canal  the  nerve  is  liable  to  injury 
from  fracture  of  the  canal-walls  or  from  growths  or  suppuration  in  the 
sphenoidal  sinus. 


Fig.  46.— Photomicrograph  of  the  optic  chiasraa,  showing 
decussation  of  the  nerve-fibres.  (Author.) 

(Photographed  by  Dr.  Carf  Frsc.'  ) 


The  nerve-trunk  consists  of  over  10,0 00  medullated  fibres  supported 
by  a framework  of  neuroglia.  The  fibres  are  disposed  in  parallel  bundles, 
which  anastomose  with  each  other.  Lymph-channels  are  found  between 
the  outer  surface  of  a bundle  and  the  inner  surface  of  the  septa.  The 
nerve-sheaths  in  the  orbit  art  three:  dural,  pial,  and  arachnoidal.  The 
sheaths  are  continuous  wuh  the  cerebral  membranes  posteriorly  and  with 
the  sclera  in  front.  The  dura  forms  a thick,  loose  covering,  and  is  lined 
with  endothelium,  between  it  and  the  inner  sheath  is  the  intervaginal 
space.  The  arachnoidal  sheath  is  a delicate  layer  attached  to  the  dura  and 
pia  by  trabeenun  of  connective  tissue.  It  divides  the  intervaginal  space 
into  an  outt"\  >ubdural,  and  an  inner,  subarachnoidal  space,  which  connect 
with  the  intracranial  spaces  of  the  same  name.  The  walls  of  these  spaces  are 
covei°J  with  endothelium  and  the  spaces  are  regarded  as  lvmph-channels. 

presence  of  these  spaces  explains  the  occurrence  of  swelling  of  the 
Hed  of  the  optic  nerve  (papillitis)  in  certain  diseases  of  the  brain.  The 
Wood-vessels  pass  from  the  pia  into  the  nerve;  in  addition,  the  anterior 
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part  of  the  nerve  transmits  the  arteria  centralis  retinae,  which  is  a branch 
of  the  ophthalmic  and  enters  the  nerve  from  10  to  12  millimetres  behind 
the  eyeball.  The  central  vein  empties  into  the  superior  ophthalmic  vein  or 
into  the  cavernous  sinus.  Both  artery  and  vein  run  in  the  axis  of  the  nerve 
to  reach  the  retina.  Within  the  eyeball  they  are  called  the  central  retinal 
artery  and  vein. 

The  optic  nerve  enters  the  eyeball  through  a funnel-shaped  opening 
in  the  sclera,  about  3 millimetres  to  the  nasal  side  of  the  optic  axis  and 
1 millimetre  below  the  horizontal  meridian.  On  entering  the  globe  the 
sheaths  and  septa  are  merged  into  the  sclera  and  the  medullary  coverings 
are  lost.  Hence  only  the  bare  axis-cylinders  enter  the  eyeball,  and  the  nerve 
becomes  transparent  and  of  less  diameter  as  it  terminates  in  the  optic  papilla. 
At  the  level  of  the  sclera  is  a network  of  connective  tissue  called  the  lamina 


A B 

Fig.  47. — Transverse  sections  of  the  optic  nerve.  (Merkel.) 


A,  Section  in  front  of  the  entrance  of  the  central  vessels.  B,  Section  1 ehii  d the 
entrance  of  the  central  vessels.  1,  Dural  sheath.  2,  Intervaginal  si>acc.  6,  Pial 
sheath.  The  shaded  area  marks  the  position  of  the  papillo-macula**  L^rps. 

cribrosa.  It  marks  the  depth  that  the  observer  can  sto  vith  the  ophthal- 
moscope. The  point  of  entrance  of  the  optic  rz rvc  into  the  globe  is  the 
weakest  part  of  the  eyeball.  It  is  this  part  whicl  firs  t gives  way  when  intra- 
ocular tension  becomes  increased.  A circle  o^  blood-vessels  surrounding  the 
nerve-head  makes  this  one  of  the  most  vascular  parts  of  the  eye,  and  com- 
municates with  chorioid,  sclera,  optic  si  ea\h,  and  retina.  It  is  called  the 
circle  of  Zinn  or  of  Haller. 

RADIATIONS  Ti'E  NERVES  OF  THE  EYE. 

Optic  Nerve. — The  peripm>ral  neuron  of  this  nerve  is  imbedded  alto- 
gether in  the  ganglicn-ceil  layer  of  the  retina,  while  the  central  neuron 
originates  in  the  interm  1 layers.  The  nerve-fibres  proceed  along  the  optic 
nerve  toward  the  central  organ.  In  the  chiasma  these  fibres  partially 
decussate,  so  tha  +hose  of  the  left  halves  of  the  retinae  are  distributed  to 

4 


50 


MODERX  OPHTHALMOLOGY. 


the  left  tract  and  those  of  the  right  halves  to  the  right  optic  tract.  The 
optic  tracts  consequently  contain  fibres  of  both  optic  nerves.  It  is  asserted 
that  long  and  short  tracts  exist,  of  which  the  long  tracts  proceed  to  the 
lateral  geniculate  bodies  and  from  there  to  the  posterior  limb  of  the  internal 
capsule.  Continuing  to  the  occipital  lobes,  they  form  the  optic  radiation. 
The  short  tracts,  predominating  in  numbers,  ramify  terminally  around  the 
ganglion-cells  in  the  corpora  quadrigemina  anteriora,  the  corpora  geniculata 
lateralia,  and  in  the  pulvinar  of  the  thalamus.  A third,  or  central  cortical 
neuron,  from  these  ganglion-cell  fibres  passes  out  to  the  radiation  in  the 
posterior  limb  of  the  internal  capsule  and  to  the  cuneus  in  the  occipital 
region. 

About  the  meaning  of  another  class  of  fibres  starting  from  the  corpora 
quadrigemina  anteriora,  and  after  decussation  going  to  the  retina  (centrif- 
ugal fibres),  nothing  certain  is  known. 

Oculomotor  Nerve. — The  central  neuron  of  this  nerve  is  most  likely 
to  be  looked  for  in  the  gyrus  angularis.  Kunning  through  the  base  of  the 
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Fig.  48. — Section  through  the  head  of  the  optic  nerve.  (Morris.) 


internal  capsule,  it  reappears  as  a part  of  Spitzer’r  Lunelle.  It  then  under- 
goes decussation  in  the  motor  oculi  nucleus  of  he  opposite  side  (beneath 
the  aqueduct  of  Sylvius).  Here  its  terminal  ramification  takes  place. 
From  the  ganglion-cells  of  this  nucleus  the  roots  of  the  motor  oculi  are 
sent  out,  which,  after  a partial  decussation,  run  to  the  eye  as  the  trunk  of 
the  motor  oculi  nerves. 

Patheticus  Nerve. — The  central  neuron  is  identical  in  its  course  with 
that  of  the  preceding  nerve.  Decussating,  its  fibres  come  to  their  terminal 
ramification  in  the  trochlear  nucieus  behind  the  nucleus  of  the  oculomo- 
toriuS,  below  the  corpora  c uadugemina  posteriora.  Behind  the  latter,  after 
decussation,  the  peripheral  neuron  passes  out  as  the  trochlear  nerve. 

Abducens  Nerve.  — i\ie  ramification  of  its  central  neuron,  which  pur- 
sues a course  like  that  of  the  foregoing  nerves,  takes  place  after  decussation 
in  the  abducens  nucleus  under  the  floor  of  the  fourth  ventricle.  The 
abducens  n?r>*e  'as  a peripheral  neuron)  takes  its  origin  from  the  ganglion- 
cells  of  this  nucleus  and  takes  its  course  through  the  posterior  part  of  the 
pons.1 

1 Fl-  a full  consideration  of  the  neuronic  architecture  of  the  visual  apparatus  the  reader 
car  'onsult  the  classic  work  of  Dr.  St.  Bernheimer,  of  Innsbruck:  “Die  Wurzelgebiete  der 
Au^en  .'.erven,  ihre  Verbindungen  und  ihr  Anschluss  an  die  Gehirnrinde,”  in  the  new  Graefe- 
o«  ei^.sch  “Handbuch  der  Augenheilkunde,”  Leipzig,  1900.  A chart  explanatory  of  Dr.  Bern- 
Seiners  researches  has  been  published  by  Dr.  Louis  Strieker,  of  Cincinnati,  O..  in  the  Journal 
o,  the  American  Medical  Association,  March  2.  1901. 
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THE  CRYSTALLINE  LENS. 

# V 

This  structure,  which  is  an  important  part  of  the  accommodative  ap- 
paratus of  the  eye,  is  a transparent  biconvex  body  which  rests  in  the  patellar 
fossa  of  the  vitreous  behind,  is  connected  laterally  with  supporting  fibres  of 
the  zonula  of  Zinn,  and  in  front  forms  a support  for  the  iris.  The  rounded 
edge  of  the  lens  is  separated  from  the  ciliary  processes  by  a space  of  0.5 
millimetre.  Surrounding  the  periphery  of  the  lens  is  the  canal  of  Petit, 
which  is  formed  by  the  divergence  of  the  fibres  of  the  zonula.  Minute 
openings  between  the  zonular  fibres  permit  Petit’s  canal  to  communicate 
with  the  posterior  chamber  in  front  and  with  the  vitreous  body  behind. 
The  lens  presents  for  examination  a central  substance,  the  lens  proper,  and 
a covering,  the  lens-capsule.  The  lens  is  unique  among  optical  apparatus 
in  that  it  has  the  property  of  changing,  its  form,  thus  producing  greater 
or  less  refraction  of  light. 

Dimensions  of  the  Lens. — The  following  table,  giving  the  diameters 
of  the  lenses  of  a series  of  fetal  eyes,  is  by  Treacher  Collins : — 


Age. 

Number  of  Eyes 
Examined. 

Antero-Posterior 

Diameter. 

Transverse  Diameter. 

4th  month 

3 

2.8  millimetres 

3.3  millimetres 

5th  “ 

1 

3.5 

4.0 

6th  “ 

4 

3.8 

4.5 

7th  “ 

8 

4.0 

5.0 

9th  “ 

3 

4.3 

5.75 

One  of  the  measurements  of  the  adult  lens  is  given  incorrectly  in 
numerous  works  on  anatomy  and  ophthalmology,  the  antero-po<=brior 
diameter  calculated  by  Helmholtz  (3.7  millimetres)  having  teen  often 
copied.  As  Priestley  Smith  has  shown,  this  diameter  is  .h  to  5 milli- 
metres, and  in  old  people  is  sometimes  6 millimetres  >r  urn^e.  Trans- 
versely, the  lens  measures  about  9 millimetres.  Its  weight  is  0.2  gramme; 
its  volume  is  0.25  cubic  .cerit&netre ; its  specific  g^Tuty  is  1.121.  Its  ante- 
rior radius  of  curvature  is  10%iillimetres'  for  fai  and  6 millimetres  for  near 
vision.  Its  anterior  pole  is  2.’3  millimetres  beliinu  the  cornea.  Chemically 
the  lens  consists  of  60  per  cent,  water,  per  cent,  soluble  and  2.5  per 
cent,  insoluble  albuminoids,  2 per  cent,  tat  with. traces  of  cholesterin,  and 
0.5  per  cent.  ash.  The  anterior  surface  oi  the  lens  is  less  curved  than  is 
the  posterior. 

Structure  of  the  Lens. — The  lens  consists  of  a soft,  compressible,  non- 
vascular  material,  which  is  cobrless  in  youth,  but  yellowish  and  opalescent 
in  old  age.  In  the  earl}'  period  of  life  it  possesses  a uniform  consistency, 
but  in  the  aged  a cen>al  hard  portion,  or  nucleus,  is  distinguishable  from 
the  peripheral,  or  cor  ict1.,  part,  which  is  soft.  Nutrition  of  the  lens  is  ac- 
complished by  the  ibercellular  movement  of  nutritive  fluids.  When  divested 
of  its  capsule,  the  lens  shows  on  its  anterior  and  posterior  surfaces  numerous 
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faint,  white  lines,  which  radiate  from  the  poles.  In  the  fetal  lens  there  are 
three  of  these  lines  (radii  lentis)  ; in  the  adult  they  are  more  numerous. 
They  mark  the  points  of  junction  of  the  ends  of  the  lens-fibres.  The  lens- 
fibres  are  cells  which  look  like  bands  of  ribbon  on  the  flat,  and  show  hexag- 
onal outlines  when  cut  transversely.  The  superficial  fibres  are  broader 
and  thicker  than  the  central  ones.  The  fibres  are  0.005  millimetre  broad. 
They  adhere  by  their  edges,  which  often  are  serrated  in  such  a way  as  to 


Fig.  49. — Isolated  lens-fibres.  (After  J.  Arnold.) 

leave  very  minute  intercellular  spaces  for  the  passage  of  fluid.  The  fibres 
pass  in  a curved  direction  in  such  a wav  that  no  fibre  reaches  from  pole  to 
pole.  Those  fibres,  for  example,  which  begin  at  the  posterior  pole  end  on 
the  anterior  surface  near  the  margin.  Between  the  cppsule  and  the  lens- 
substance  is  found  an  albuminous  material  which  c.uring  life  is  probably 
semifluid,  but  which  after  death  rapidly  liquefies.  It  is  called  liquor  Mor- 
gagni. The  growth  of  the  lens,  after  its  primary  development,  comes  from 
the  addition  of  layers  of  new  lens-fibres  derived  from  the  cells  of  the  epi- 


Fig.  50. — Transverse  oection  of  lens-fibres.  (After  J.  Arnold.) 

thelium  of  the  anterior  capsule.  When  incised  the  lens  is  seen  to  be  com- 
posed of  lamellae  rudeh  can  be  lifted  up  and  which  resemble  the  layers  of 
an  onion.  SecHcn  of  the  marginal  portion  of  the  lens  shows  the  lens- 
whorl  of  0.  Becker  (Fig.  52),  which  is  due  to  variations  in  the  axes  of 
developing  lens-fibres. 

The  .L ms-capsule  is  a transparent,  elastic  membrane  which  incloses 
tin  lens  proper  and  affords  attachment  to  the  zonula.  The  anterior  sur- 
face of  the  capsule  is  about  0.015  millimetre  thick,  while  the  posterior  is 
?nly  half  this  thickness.  The  inner  surface  of  the  front  part  of  the  capsule 
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shows  a single  layer  of  cubical,  polygonal,  nucleated  cells  ( epithelium  of 
the  lens-capsule) . Near  the  margin  of  the  lens  these  cells  become  converted 
into  young  lens-fibres. 

The  Zonula  is  the  suspensory  apparatus  by  which  the  lens  is  held  in 
position.  It  also  is  an  important  agent  in  accommodation,  since,  when 


Fig.  51. — Anterior  surface  of  tKe  lens  of  an  adult. 

(After  J.  Arnold.) 

the  ciliary  muscle  contracts,  the  zonula  relaxes  and  permits  the  lens  to 
become  more  convex.  To  obtain  a clear  idea  of  the  zonula,  the  student 
should  harden  an  eye  in  formalin  (5  per  cent.),  cut  away  the  posterior 
half  of  the  globe,  and  remove  the  vitreous;  then  he  should  remove  the 
cornea  and  adjacent  part  of  the  sclera  and  cut  the  iris  close  to  its  ciliary 


border.  The  zonula  is  seen,  lying  in  the  space  between  the  margin  of  the 
lens  and  the  ciliary  processes  (F'g.  ot),  appearing  as  numerous  radiating 
fibres.  The  zonula  thus  formed  is  a fibrous,  reticulated  structure,  which 
extends  from  the  ciliary  pa rt  of  the  retina  to  the  lens.  That  part  of  the 
zonula  which  passes  from  tha  ciliary  body  to  the  lens  is  known  as  the 
suspensory  ligament . When  the  ligament  is  torn  away,  some  of  the  pig- 
ment of  the  ciliary  body  adheres  to  it. 
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CHAMBERS  OF  THE  EYE. 

Within  the  eyeball  are  spaces  which  are  filled  with  fluid  or  semi- 
fluid contents.  These  spaces  are  called  the  chambers  of  the  eye. 

The  Anterior  Chamber  is  bounded  in  front  by  the  posterior  surface 
of  the  cornea;  behind,  by  the  iris  and  the  pupillary  portion  of  the  lens- 
capsule;  peripherally,  by  the  iridocorneal  angle.  It  contains  aqueous 
humor,  and  communicates  with  the  posterior  chamber  via  the  pupil 

The  Posterior  Chamber  is  bounded  in  front  by  the  posterior  surface 

rf  * ie^rv  behlnd’  by  the  zonula  of  Zinn ; peripherally,  by  the  ciliary  body, 
it  is  nil  eel  with  aqueous  humor. 

The  Canal  of  Petit  is  the  space  lying  peripherally  to  the  lens  and 
bounded  by  the  anterior  and  posterior  fibres  of  the  zonula  of  Zinn.  It  con- 
tarns  aqueous  humor. 


Fig. 


53.  Epithelium  of  the  inner  surface  of  Jhe  anterior 
capsule.  ( Schultze.  ) 


ine  Vitreous  Chamber,  occupying  the  bulk  of  the  ocular  globe,  is 
ounded  in  front  by  the  lens  and  its  zonu’a ; behind  and  peripherally,  by 
the  retina.  It  is  filled  with  the  vitreous  humor. 


The  aqueous  humor,  v inch  is  secreted  by  the  ciliary  glands,  is  a clear 
liquid  which  fills  the  anterior  and  posterior  chambers.  The  aqueous  is 
® -Sr  reactl0n>  ha£  a 8Pecific  gravity  of  1.0053  and  a refractive  index 
I'?®??*  Ib  18  fmPr,8Ld  of  96'687  Parts  of  water,  0.1223  of  albumin,  and 
■ y7  par  °f.  8odlUin.  chlorid.  Its  weight  varies  from  3.5  to  5 grains, 
nder  pathologic  conditions,  e.g.,  iritis,  iridocyclitis,  glaucoma,  the  aqueous 
humor  becomes  highly  charged  with  albumin,  owing  to  the  injury  inflicted 
upon  the  walls  of  the  uveal  vessels  (Parsons). 


the  vitreous  body. 

The  greater,  part  of  the  eyeball,  comprising  the  space  between  the 
am  retma'  1S  fi,,ed  with  a transparent,  jelly-like  substance  called  the 


PLATE  II. 

Normal  Fundus  DculL 


Fig. 


1, — Normal  Fundus 
(average  tint). 


Fig,  2. — -»rrj.al  Fundua 
l p a ^runatte. 
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vitreous  humor.  It  is  inclosed  in  a delicate  capsule  called  the  hyaloid 
membrane.  The  vitreous  body  presents  anteriorly  a central  depression,  the 
patellar  fossa,  in  which  the  lens  rests.  Posteriorly  it  is  perforated  by  a 
lymph-space,  the  hyaloid  canal  (canal  of  Cloquet  or  of  Stilling),  whici 
runs  from  the  optic  disc  to  the  lens  and  marks  the  position  of  the  hyaloid 
artery  of  intra-uterine  life.  The  vitreous  forms  a support  for  the  retina, 
and  this  function  is  of  greater  importance  than  its  action  in  refraction. 
Its  index  of  refraction  is  low  (1.336).  Chemically  the  vitreous  consists 
of  98  5 per  cent,  water,  with  traces  of  solids,  salts,  extractives,  proteids, 
and  nucleo-albumin.  The  fetal  vitreous  shows  a network  of  interlacing 
fibrillse,  and  is  regarded  as  an  embryonal  form  of  connective  tissue. 

The  hyaloid  membrane,  whose  existence  has  been  denied  by  such  emi- 


Fig.  54. — Dissection  to  show  the  zonula.  (After  SchuttsliO 
1,  Lens.  2,  Cut  surface  of  the  iris.  3,  Ciliary  processes.  4,  Chorioic  5 Zonula. 

nent  observers  as  Henle,  Merkel,  and  Iwanoff,  forms  a delicate  investment 
over  the  whole  vitreous  body.  These  structures  possess  no  blood-vessels 
in  adult  life,  and  are  nourished  by  transudation  tiom  the  vessels  of  the 
retina  and  the  ciliary  body. 

In  the  substance  of  the  vitreous  different  forms  of  corpuscles  are  found, 
some  vacuolated,  others  not.  Prom  them  processes  project  which  show 
bead-like  enlargements. 

THE  OCMl_\r>  LYMPH-SPACES. 

In  the  conjunctiva  lyirphadc  vessels  are  present.  Elsewhere  in  the 
ocular  structures  their  place-  are  taken  by  lymph-spaces,  which  form  two 

systems:  an  anterior  an  I a posterior.  # 

Lymph  from  the  anterior  segment  of  the  globe  collects  in  the  anterior 
and  posterior  clambers,  whence  it  passes  through  the  ligamentum  pecti- 
natum  intc  the  canal  of  Schlemm.  From  this  channel  it  passes  into  the 
anterior  cih’a^v  veins. 
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The  posterior  lympli-spaces  are:  (1)  the  hyaloid  canal;  (2)  the 
penchorioidal  space,  situated  between  the  chorioid  and  sclera,  and  com- 
municating by  means  of  spaces  around  the  venre  vortieosm  witli  (3)  the 
space  of  Tenon,  which  lies  between  the  sclera  and  Tenon’s  capsule.  From 
these  points  lymph  collects  and  passes  into  (4)  .the  intervaginal  space 
found  between  the  sheaths  of  the  optic  nerve  and  (5)  the  supravaginal 
space  which  surrounds  the  sheaths  of  the  same  nerve.  Lymph-spaces  sur- 


I'ig.  55.  Diagram  of  lymph-spaces  of  the  eyeball.  (After  Fuchs.) 

1,  Anterior  chamber.  2,  Posterior  chsmb  r.  3,  Canal  of  Schlemm.  4 Hyaloid 

tenons0'-  Tter‘0rhCiUary  Vei“-  6’  C°''^tl  ,n  of  TeBons  capsule  on  the  ocular 
tendons.  7,  Lymph-space  around  vent  or.icosa.  8,  Perichorioidal  space.  9 Supra- 
vaginal space.  10,  Intervaginal  spac  ■ p 


round  the  retinal  veins  aid  cipillaries  and  probablv  the  arteries.  Occlu- 
sion of  the  anterior  lymph-spaces  is  one  of  the  phenomena  of  glaucoma  • 
nothing  is  known  concerning  occlusion  of  the  posterior  spaces 


THE  NORMAL  FUNDUS  OCULI. 

1 lie  optic  is  the  only  nerve  which  can  be  examined  during  the  life  of 
the  patiem  without  dissection.  By  means  of  the  ophthalmoscope  the  in- 
tenoi  or  the  eye  can  be  studied.  The  parts  of  chief  interest  in  the  fundus 
are  he  optic  disc,  the  blood-vessels,  the  macula  lutea.  and  the  chorioid. 

-he  Optic  Disc.— This  is  situated  about  3 millimetres  to  the  nasal  side 
or  die  posterior  pole  of  the  eye,  and  is  the  point  of  entry  of  the  optic  nerve 
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into  the  retina.  It  is  often  called  the  head  of  the  optic  nerve.  It  measures 
from  1.4  to  1.7  millimetres  in  diameter  and  is  generally  circular  or  ellip- 
soidal in  shape.  In  the  astigmatic  eye  the  optic  disc  often  appears  oval 
or  ellipsoidal  when  in  reality  it  is  round.  Owing  to  the  magnification  when 
the  ophthalmoscope  is  used,  the  papilla  appears  to  be  from  9 to  18  milli- 
metres in  diameter.  Is  ear  its  centre  is  a depression,  the  physiologic  excava- 
tion, which  marks  the  divergence  of  nerve-fibres.  The  excavation  is  funnel- 
shaped,  the  base  being  anterior.  A trace  of  the  hyaloid  artery  of  fetal  life 
is  occasionally  seen  here  as  a thread  of  connective  tissue  running  from  the 
papilla  into  the  vitreous.  Surrounding  the  papilla  are  two  rings:  an 
inner,  due  to  exposure  of  the  sclera,  is  whitish,  and  is  called  the  scleral 
ring ; and  an  outer  one,  due  to  the  showing  of  chorioidal  pigment,  is  named 
the  chorioidal  ring.  At  the  bottom  of  the  excavation  a few  dark  spots  are 
seen,  from  the  gray  stippling  of  the  lamina  cribrosa.  In  color  the  papilla 


B 


A 


Fig.  56. — The  normal  optic  disc.  (Elschnig.) 
A,  Chorioidal  ring.  B,  Scleral  ring. 


is  grayish  pink  or  reddish,  and  stands  out  in  marked  contrast  lo  the  red- 
dish yellow  of  the  remaining  parts  of  the  fundus.  The  col  w A the  papilla 
varies  with  the  age  and  complexion  of  the  individna  the  color  of  the 
surrounding  parts  of  the  fundus,  and  with  the  illumination  used.  A bluish 
discoloration  of  the  disc  has  been  observed  as  a congenital  abnormality.  A 
more  common  anomaly  is  the  presence  of  opsone  nerve-fibres,  which  con- 
dition is  due  to  the  fact  that  the  medullary  covering  of  the  axis-cylinders 
exists  in  the  fibre-layer  of  the  retina.  In  such  a case  the  fundus  shows  a 
patch  of  a brilliant  white  color  extending  out  from  the  disc  (Fig.  2-,  Plate 
IV).  Generally  the  white  area  is  in  contact  with  the  disc.  It  rarely  oc- 
curs that  the  opaque  fibres  are  fo.md  at  a great  distance  from  the  nerve- 
head  or  that  they  occupy  a larg^  area  of  the  fundus.  The  physiologic  cup 
or  depression  may  occupy  a.  lorge  part  of  the  nerve-head,  but  never  extends 
to  the  scleral  ring.  Under  mrmal  conditions  many  variations  are  seen  in 
the  size  and  depth  oi  the  cup  and  in  the  arrangement  of  the  blood-vessels. 

The  Blood-vert1'  are  the  central  artery  and  vein.  They  run  in  the 
nerve-fibre  layc  • of  the  retina,  and,  although  often  presenting  variations, 
are  of  suflHent. regular  distribution  to  justify  the  naming  of  the  follow- 
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ing  brandies : Superior  and  inferior  nasal,  superior  and  inferior  temporal, 
and  macular.  The  retinal  arteries  are  terminal  arteries,  each  arteriole 
supplying  its  own  territory  without  anastomosis.  Hence,  if  a branch  is 
obstructed  by  an  embolus,  its  territory  becomes  ischemic  and  vision  is  lost. 
(While  this  statement  is  true  for  almost  all  cases,  in  a few  instances  of 
embolism  of  the  central  artery  anastomoses  have  occurred.)  The  middle 
of  the  fovea  centralis  has  no  blood-vessels. 

While  it  is  often  stated  that  the  retinal  vessels  can  be  seen  on  oph- 
thalmoscopic examination,  as  a fact  it  is  the  column  of  blood,  and  not  the 
vessel-wall,  which  is  visible.  In  the  larger  retinal  vessels  the  blood-column 


Fig.  57. — Diagram  of  the  eti^al  vessels  of  the  left  eye. 

1,  Superior  temporal  artery.  2,  S irerio:  temporal  vein.  3,  Superior  nasal  vein. 
4,  Superior  nasal  artery.  5,  Inferior  n«tsal  vein.  6,  Inferior  nasal  artery.  7,  In- 
ferior temporal  vein.  8,  Inferioi  temporal  artery.  9,  Macula  lutea.  10,  Macular 
veins. 


in  the  arteries  is  brighter  tlian  that  in  the  veins.  In  the  smaller  branches 
this  difference  is  les;  marked.  The  brighter  color  of  the  arteries  is  due 
to  the  presence  ot  a central  streak  of  light,  which  is  less  marked  in  the 
veins.  The  came  of  this  light-streak  is  not  definitely  known.  The  retinal 
arteries  ne^fc”  pulsate  under  normal  conditions.  (To  this  statement,  which 
is  true  for  tiio  vast  majority  of  individuals,  exceptions  must  be  made,  since 
Jaeger  Graefe,  Donders,  and  other  competent  observers  have  seen 
sporiLmoous  arterial  pulsation  in  normal  eves.)  The  reason  for  the  non- 
p diction  in  the  retinal  arteries  is  this:  the  normal  intra-ocular  tension 
:s  sufficient  to  overcome  the  diastole  of  the  heart.  Arterial  pulsation  may 
be  produced  easily  in  the  normal  eye  by  pressure  on  the  globe.  Whenever 
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a disproportion  exists  between  intra-ocular  and  intra-arterial  pressure, 
arterial  pulsation  occurs.  Yenous  pulsation  occurs  spontaneously  in  from 
60  to  75  per  cent,  of  normal  eyes. 

Besides  the  blood-vessels  enumerated  above,  it  is  necessary  to  mention 
the  cilioretinal  vessels.  These  are  commonly  small,  solitary  vessels  which 
arise  from  the  circle  of  Haller,  and  emerge  at  the  temporal  border  of  the 
disc.  Such  a vessel  may  come  from  the  central  vessel  in  the  substance  of 
the  nerve,  and  may  be  of  larger  size.  Generally  it  supplies  blood  to  a small 
area  between  the  disc  and  macula.  Cilioretinal  vessels  are  present  in  from 
10  to  16  per  cent,  of  normal  eyes.  Their  presence  has  been  known  to 
permit  a portion  of  the  retina  to  retain  its  functions  in  cases  of  embolism 
of  the  central  retinal  artery.  Most  cilioretinal  vessels  are  arteries. 

Having  described  the  usual  arrangement  of  the  blood-vessels,  it  is 


1 

2 


Fig.  58. — Injected  blood-vessels  of  the  macular  region. 

(Bohm  and  Davidoff.  ) 

1,  Capillary  loops  of  the  macular  region.  2,  Fovea  centralis — no 

necessary  to  mention  some  of  the  unusual  appeararcv.s  +Yand  in  normal 
eyes.  Twisting  of  a vein  and  artery  often  occurs*  but  it  rarely  happens 
that  an  artery  crosses  an  artery,  or  a vein  crosses  a coin.  Anastomoses  are 
very  rare  anomalies,  and  occur  on  the  optic  disc  Instances  of  bifurcating 
arteries  and  veins  are  shown  in  several  ophtrHmoscopic  atlases.  Although 
the  retinal  vessels  do  not  pursue  a straight  course,  their  tortuosity  is  sub- 
ject to  much  variation.  A rare  ano^^Jy  is  the  presence  of  a projecting 
loop.  In  Lawford’s  case  a vein  tcncea  a loop  each  end  of  which  disap- 
peared in  the  disc.  An  unuscai  arrangement  of  vessels  observed  by  the 
author  is  shown  in  Fig.  1,  Flare  III.  Here  incomplete  twisting  of  the 
superior  temporal  artery  and  ^ein  is  seen ; cilioretinal  arteries  are  present 
at  the  nasal  side  of  the  disc ; and  the  arterial  supply  of  the  lower  half  of 
the  retina  comes  from  a large  trunk,  which  divides  into  four  branches  at 
the  lower  margin  u*  the  disc.  The  case  was  that  of  a boy  aged  12  years 
whose  vision  wag  normal  after  the  correction  of  a small  amount  of  hyper- 
metropia.  ^ne  presence  of  a persistent  hyaloid  artery,  as  a small  loop 
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projecting  into  the  vitreous  humor,  is  occasionally  observed.  Its  persistence 
as  a blood-carrying  vessel  is  a rare  abnormality. 

Perivascular  Lymph-channels.— His  (1865)  was  the  first  anatomist 
to  demonstrate  the  existence  of  perivascular  lymph-spaces  in  the  retina. 
Schwalbe,  Norris,  and  others,  by  injecting  fluid  beneath  the  pial  sheath 
of  the  optic  nerve,  have  filled  the  spaces  around  the  retinal  veins  and  capil- 
laries. Analogous  spaces  surround  the  retinal  arteries. 

Vaso-motor  Nerves. — Experiments  show  that  the  intraocular  vessels 
possess  vasoconstrictor  fibres.  The  question  of  vaso-dilators  is  still  sub 
judice  (Parsons). 

The  Macula  Lutea. — Situated  about  3 millimetres  to  the  outer  side 
of  the  optic-nerve  head,  and  slightly  below  the  horizontal  meridian,  is  a 
spot  darker  than  the  surrounding  retina  and  apparently  devoid  of  blood- 
a essels.  this  is  the  macula  lutea  (yellow  spot).  It  is  the  area  of  greatest 
visual  acuity.  The  centre  of  the  macula  presents  the  foveal  reflex,  while 
the  periphery  shows  a whitish,  glistening  ring,  or  halo,  known  as  the 
macular  reflex.  It  is  strange  that  no  two  ophthalmic  writers  agree  as  to 
the  color  and  appearance  of  a part  of  the  retina  so  accessible  to  examination 
as  the  macula,  and  that  the  errors  of  forty  years  ago  should  appear  in 
modern  text-books.  Many  writers  have  portrayed  the  macula  as  ovd,  with 
its  long  diameter  placed  transversely.  Schmidt-Kimpler  described  it  as 
anatomically  circular,  but  ophthalmoscopically  oval.  Pana.  and  Mauthner 
saw  it  as  a brilliantly  silvered  ring.  Power  spoke  of  it  as  k'a  soft,  whitish 
line  ; and  Landolt  described  it  as  “a  bright,  oval  line  sometimes  glistening, 
with  a red  floor  and  intensely  red,  almost  black  centre,  the  dark  point  in 
the  centre  being  hardly  ever  absent.”  These  differences  in  appearance  are 
doubtless  due  to  several  causes:  the  difference  in  methods  of  examination; 
in  the  age,  complexion,  and  refraction  of  cifterent  individuals;  and  varia- 
tions in  the  distribution  of  pigment.  Johnson  states  that,  when  observed 
in  a certain  way,  the  macular  ring  iit  ^ whole  circumference  can  be  seen 
in  every  person  under  thirty-five  ye>.r&  of  age,  and  frequently  in  older  sub- 
jects. If  the  illumination  is  lowered,  reflection  from  the  fundus  decreases 
more  rapidly  than  from  thp  macula,  until  a moment  arrives  when  the  ring 
appears.  He  asserts  tint  the  macular  ring  is  invariably  circular,  and 
probably  corresponds  to  the  extreme  limit  of  the  macular  region.  When 
observed  as  an  oval,  tflp  appearance  is  due  to  distortion  produced  by  the 
lens  and  mirror.  V\nen  examined  carefully  by  the  direct  method  of  oph- 
thalmoscopy the  macula  is  always  round.  In  elderly  persons  it  can  be 
recognized  although  with  more  difficulty  than  in  the  young,  by  its  darker 
color  and  b}  the  absence  of  vessels. 

There  are  several  forms  of  macular  rings.  Johnson  states  that  the 
most  common  is  a bright,  scintillating  reflex  resembling  shot-silk,  very 
marked  in  dark  eyes,  scarcely  visible  in  fair  ones,  and  best  seen  with  feeble 
Rumination.  I his  ring  is  supposed  to  be  due  partly  to  reflection  from 
Mullers  fibres,  where  they  expand  into  the  internal  limiting  membrane, 
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Normal  Fundu3  □cull  i Macular  and  Favaal  RaflaxBS.  (Johnson.) 


Fig.  1.  — Ordinary  Typa  of  Macular 
Ring.  Tha  fovaa  i3  a dull-rad  circular 
spot.  Fiva  "Gride"  dots  surreuad  it. 
English  bay  agBd  BightBen  yBars. 


Fig.  2.— Marked  Macular  Ring  with. 
Favaal  and  also  a Sacandary  Ring. 
An  English  boy,  agsd  elBVBn  years  .with 
brawn  iridea.  Hypermetropia  — 2 D. 
Vision  = 3. 


Fig.  3.  — Macular  Region  of  a 
NatLva  African  Bay,  Aged  Sixteen 
Years,  from  tha  Lower  Conga  Re- 
gion. 


pig,  4,— Fovea  of  an  Adult  (Man, 
Aged  Twenty-sBven  Years)  with  Light- 
Brown  Hair.  ThB  fovea  is  round  and  of 
a buff  color.  Tha  eya  was  Emmetropic. 
Vision  = 3. 


Fig.  S.— A Long  "Comet-flare"  from 
a Boy.  AgBd  Eight  Years,  with  Light 
Flaxen  Hair.  Vision  = 3. 


Fig.  E.— Tha  M.  cu. of  an  Albina 
(Woman,  Aged  TvBuP-ana  Years). 
Tha  chariL<a.'I  vra sals  ara  prom- 
inent. Tha  ;i\sa  is  an  ill-dafiaBd 
raddish .'  poi 


Fig.  7.— Macular  and  r j***  ml  Rings. 
Spanish  girl  with  bla  v c h \ir  i nd  dark- 
brown  iridas.  Kvperu'".ropia  =*  1 B. 
Vision  = 


Fig.  0.  — Macular  Region  of  a 

Woman,  Agad  Thirty-six  Years  .with 

Brown  Hair,  Gray  Eyas,  and  Fair 
Complexion.  ThB  whole  fundus  is 
stippled  with  black  specks  like 
grains  of  pepper.  Vision  = 3- 
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partly  to  the  fibrous  sheaths  of  the  vessels  which  lift  up  the  retina  over- 
lying  them.  A second  form  of  ring  is  a radiating  circle  of  grayish-white 
lustre,  the  radii  being  directed  toward  the  fovea  and  resembling  nerve- 
fibres.  The  appearance  is  supposed  to  be  due  to  a partial  translucency  of 
the  nerve-fibres.  The  third  form  of  ring  can  be  seen  with  the  brightest 
illumination  as  a whitish  or  golden  ring  of  metallic  lustre,  oval  in  shape 
by  indirect  ophthalmoscopy,  but  circular  when  seen  by  the  direct  method. 
It  is  narrower  than  the  other  two  rings. 

The  foveal  reflex  is  found  in  the  centre  of  the  macula  as  a very  small 
ring,  or  as  a circular  or  horseshoe-shaped  spot  of  light,  or  as  a “comet- 
flare.”  It  is  due  to  reflection  of  the  edge  of  the  fovea. 

The  Chorioid. — While  each  ocular  tunic  contributes  something  to  the 
ophthalmoscopic  picture,  the  chief  part  must  be  credited  to  the  chorioid. 
Light  reflected  from  the  mirror  of  the  ophthalmoscope  passes  through  the 
transparent  part  of  the  retina  to  the  pigment  epithelium,  and  is  partly 
absorbed,  partly  reflected.  Although  the  pigment  layer  belongs  embry- 
ologically  to  the  retina,  it  generally  adheres  to  the  retinal  surface  of  the 
chorioid,  and  is  accredited  ophthalmoscopically  to  the  latter  tunic.  The 
brightness  of  the  fundus  picture  depends  on  the  amount  of  pigment.  The 
greater  the  pigment,  the  greater  the  absorption  of  light  and  the  darker  the 
fundus  picture.  In  the  negro  and  the  native  of  India  the  fundus  is  of  a 
brownish,  brown-red,  or  slate  color,  while  in  the  Anglo-Saxon,  and  par- 
ticularly in  blondes,  it  is  of  a bright-red  color.  If  the  pigment  layer  is 
very  thin,  the  chorioidal  ve'ssels  are  correspondingly  exposed  and  are  seen 
as  a network  of  large,  flat  vessels,  without  a light-streak,  between  which 
are  spaces  of  light  or  dark  color.  They  are  seen  best  in  albinos.  It  Is  gen- 
erally impossible  to  differentiate  between  the  chorioidal  arteries  an1  rans, 
although  at  the  equatorial  region  the  latter  converge  to  form  the  venae 
vorticosse.  In  brunettes  the  vessels  appear  as  “light  streai  is  separated  by 
dark  islands,”  because  the  spaces  are  more  deeply  colcre  i char,  the  vessels. 

The  Sclera,  which  may  be  spoken  of  as  the  panel  on  which  the 
fundus  picture  is  painted,  is  commonly  invis:ble,  b;ing  covered  by  the 
nearly  opaque  chorioid.  Yet  it  is  probable  hat  in  all  eyes  some  light 
passes  through  the  chorioid,  and  thus  the  sc1  era  nas  some  influence  on  the 
ophthalmoscopic  picture,  serving  to  make  it  I’ghter.  In  albinos  the  sclera 
appears  as  a white  surface  between  th.‘  cnorioidal  vessels.  It  is  best  seen 
where  the  chorioid  is  absent,  as  in  colcboma,  or  pathologically  as  a result 
of  destruction  of  the  retina  and  chorioid. 


CHAPTER  III. 

PHYSIOLOGY  OF  VISION. 


The  sense  of  sight  is  the  most  highly  developed  and  differentiated 
of  the  special  senses.  The  eye  is  for  the  purpose  of  receiving  rays  of  light 
which  are  focused  on  the  retina,  where  they  are  changed  into  a stimulus 
of  nerve-fibres.  These  stimuli  are  transmitted  to  the  brain  via  the  optic 
nerve.  It  is  necessary  to  study:  (1)  the  mechanism  of  the  formation  of 
retinal  images,  and  (2)  the  events  following  the  formation  of  images. 

MECHANISM  OF  THE  FORMATION  OF  IMAGES. 

Refraction. — In  order  to  understand  how  an  image  is  formed  on  the 
retina,  it  is  necessary  to  mention  a few  optical  principles  with  reference 
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particularly  to  the  laws  of  refraction  of  light  bj  transparent  bodies  bounded 
by  curved  surfaces.  The  simplest  form  of  dioptric  apparatus  consists  of 
two  media  of  different  refractive  indices  separated  by  a spherical  surface. 
The  optical  properties  of  such  an  apparatus  depend  on  (1)  the  curvature 
of  the  surface,  and  (2)  the  refracti  ve  pjv  ers  of  the  media.  Such  a simple 
optical  system  is  shown  in  Fig.  Jb. 

The  line  P-R  represents  a curved  surface  separating  media  of  different 
refractive  power,  the  less  beiig  on  the  left.  The  line  O-A,  falling  per- 
pendicular to  the  surface  at  ef,  passes  through  the  centre  (6 ) of  the  sphere 
with  whose  surface  wc  arc  dealing.  This  line,  O-A,  is  the  optic  axis.  All 
lines  which  cut  the  surface  normally,  such  as  O-A,  C-Y,  and  U-I,  undergo 
no  refraction,  "'hey  continue  in  straight  lines  and  cross  at  6,  which  is 
the  nodal  point  All  other  rays  passing  from  a medium  of  less  to  one  of 
greater  density  are  refracted.  All  lines  lying  in  the  first  medium  and 
parallel  the  optic  axis  will  be  bent  so  as  to  meet  at  M,  which  is  the 
principal  posterior  (or  second)  focus.  On  the  optic  axis,  in  the  first 
mouium,  is  an  important  point,  B.  Rays  of  light  passing  from  B,  such 
au  u-I-T,  are  so  refracted  that  they  become  parallel  to  the  optic  axis.  B 
(G2) 
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is  called  the  principal  anterior  (or  first)  focus.  The  point  where  the  optic 
axis  cuts  the  surface  is  called  the  principal  point.  The  above-mentioned 
points — posterior  and  anterior  foci,  the  nodal  point,  and  the  principal 
point— are  called  the  cardinal  paints  of  an  optical  system.  ( Cardinal  points 
are  certain  fixed  points  for  a given  system  of  refracting  surfaces.  A knowl- 
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pig  60. — Action  of  a biconvex  lens  upon  rays  of  light. 


edge  of  these  enables  optical  mathematicians  to  construct  and  calculate  the 
situation  and  size  of  the  images  of  given  objects.) 

It  is  necessary  to  know  the  effect  of  a biconvex  lens  upon  light,  because 
the  dioptric  media  of  the  human  eye  are  equivalent  to  such  a lens.  The 
action  of  a biconvex  lens  can  be  appreciated  by  reference  to  Fig.  60.  In  .he 
illustration  at  the  left  (1),  C and  G mark  the  centres  of  curvature  The 


Fig.  61. — Action  of  a convex  lens  or  r*yo  of  light  proceeding  from 


line  connecting  them  is  the  chief  axis,  and  the  centre  of  this  line  is  the 
optical  centre  of  the  lens,  I'tays  passing  through  the  optical  centre  of  a 
lens  are  unbent.  The  illv0tia  ion  at  the  right  (2)  shows  that  rays  falling 
on  a lens  parallel  with  its  principal  axis,  G-P , are  collected  on  the  opposite 
side  at  a point  called  the  principal  focus.  Conversely,  rays  which  diverge 
from  the  focus  after  oassing  through  the  lens  emerge  as  parallel  lines,  dig. 
61  shows  that  rare  which  pass  from  a point  within  the  focus  ( h ) after  pass- 
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ing  through  the  lens  leave  it  less  divergent,  but  do  not  come  to  a focus 
again. 

Convex  lenses  form  real  and  inverted  images  of  such  objects  as  are 
placed  beyond  the  focal  point  of  the  lens.  The  action  of  a biconvex  lens 
is  explained  in  Fig.  62.  The  arrow  R-P,  placed  upright  before  a biconvex 
lens,  gives  an  inverted  image  (p-r)  on  the  opposite  side  of  the  lens. 

To  form  an  image  on  the  retina  it  is  necessary  that  ray3  of  light  shall 
be  bent.  The  amount  of  bending,  or  refraction,  of  a ray  of  light  depends 
on:  (1)  the  radius  of  curvature  of  the  refracting  surface;  and  (2)  the 
difference  in  the  refractive  indices  of  the  medium  from  which  the  rav 
comes  and  that  into  which  it  passes.  The  smaller  the  radius  of  curvature 
and  the  greater  the  difference  of  refractive  index,  the  more  the  ray  will 
be  bent.  Ihe  refractive  media  of  the  eye  are  the  cornea,  aqueous  humor, 
lens,  and  vitreous  humor.  The  following  table  gives  the  radii  of  curvature 
of  the  refracting  surfaces,  the  refractive  indices  of  the  dioptric  media,  and 
other  data  needed  in  the  study  of  Tefraction  in  the  human  eye : 


Fig.  62. — The  image  formed  by  s bico.. , ex  lens. 


Radius  of 
curvature  of 


Distance 

between 


In  Accommodation  for 
Far  Vision.  Near  Vision. 


Cornea  

7.8 

mm. 

00 

mm. 

Anterior  surface  of  tb» 

10.0 

6.0 

a 

Posterior  surface  or  tv.e  lens 

6.0 

It 

5.5 

a 

Anterior  surf"et  01  the  cornea  and 

the  anterior  surface  of  the  lens... 

3.6 

mm. 

3.2 

mm. 

Anterior  suriuce  of  the  cornea  and 

the  postu/ior  surface  of  the  lens.. 

7.2 

7.2 

II 

Ante’-ir'r  and  posterior  surface  of  the 

l^n.4  

3.6 

II 

4.0 

Posterior  surface  of  the  lens  and 

.'etina  

14.6 

<« 

14.6 

diameter  of  the  eye  along  the  axis.. 

21.8 

mm. 

21.8 

mm. 

Refractive  Indices. 


Air  1,000 

Water  1,335 

Aqueous  humor 1.3365 


Cornea  1,337 

Vitreous  humor 1,3365 

Lens  (average) 1,437 
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The  Reduced  Eye. — In  order  to  simplify  the  problem  connected  with 
the  formation  of  retinal  images,  physiologists  have  constructed  schematic 
and  reduced  eyes.  The  measurements  given  below  are  for  the  reduced  eye 
of  Listing: — 


Radius  of  curvature  of  the  single  refracting  surface 

Index  of  refraction  of  the  single  refracting  surface 

Antero-posterior  diameter  of  the  reduced  eye 

Distance  of  the  single  refracting  surface  behind  the  anterior  surface  of 

the  cornea  

Distance  of  the  nodal  point  from  the  anterior  surface 

Distance  of  the  nodal  point  from  the  principal  focus  (retina) 


5.1 

1.35 


20.0 


1.8 

5.0 

15.0 


mm. 


mm. 


ce 

a 

(t 


The  Visual  Angle. — If  the  position  of  the  centre  of  curvature  of  the 
single  refracting  surface  of  the  reduced  eye — i.e.,  the  nodal  point  is 
known,  the  position  of  the  retinal  image  of  an  object  can  be  found  by 
drawing  straight  lines  from  the  circumference  of  the  object  through  the 


Fig.  63. — Diagram  of  the  reduced  eye. 

8,  The  single  spheric  refracting  surface  1.8  mm.  behind  the  anterior  surface  o.' 
the  cornea.  I,  The  nodal  point,  5 mm.  behind  8.  G,  The  principal  focus  (o:  thi 
retina),  20  mm.  behind  8.  The  cornea  and  lens  are  represented  by  dotted  line.,  in 
the  positions  they  should  occupy. 

nodal  point  to  the  retina.  These  lines  cut  the  refracting  surface  at  right 
angles  and  pass  through  the  single  refracting  surf  sc1  without  bending. 
The  retinal  image  is  found  to  be  inverted.  The  size  of  the  image  is  in 
proportion  to  the  angle  made  by  the  lines  drawn  from  the  periphery  of 
the  object  to  the  nodal  point.  This  angle  is  called  the  visual  angle  (Fig. 
64).  Objects  seen  under  the  same  visual  angle  have  retinal  images  of  the 
same  size.  Acuteness  of  vision  is  measured  oy  the  smallest  angle  within 
which  an  object  is  visible.  The  normrl  eye  recognizes  letters  five  times  as 
long  as  they  are  broad  when  they  are  al  such  distance  that  the  rays  strike  the 
eye  at  an  angle  of  five  minutes. 

The  Retinal  Image  can  be  aemonstrated  in  the  enucleated  eye  of  an 
albino  rabbit  and  in  the  hum  m eye.  The  image  differs  from  the  object 
in  size  and  in  the  relative  arrangement  of  its  parts.  Its  size  is  generally 
smaller  than  that  of  the  object,  regardless  of  the  distance;  and  its  position 
is  reversed,  the  lower  part  of  the  image  representing  the  upper  part  of  the 
object,  and  the  leu  side  of  the  image  corresponding  to  the  right  side  of 
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the  object.  In  visual  judgment,  however,  as  will  be  mentioned  later,  the 
retinal  image  is  reinverted. 

The  size  of  the  retinal  image  can  be  calculated,  if  the  size  of  the  object 
and  its  distance  from  the  nodal  point  are  known.  The  formula  for  deter- 
mining the  size  is : — 

Size  of  retinal  | _ size  of  object  X distance  of  the  image  from  the  nodal  point 
image  J dista'nce  of  the  object  from  the  nodal  point 

Accommodation. — By  this  term  is  meant  the  power  possessed  by  the 
eye  of  seeing  objects  distinctly  at  different  distances.  The  agents  concerned 
in  accommodation  are  the  lens  and  ciliary  muscle.  The  eye  has  often  been 
compared  to  the  camera  of  the  photographer:  the  dioptric  media  equal  the 
lens,  the  pigment  of  the  retina  and  ehorioid  makes  the  chamber  dark,  the 
retina  is  the  sensitive  plate,  the  iris  regulates  the  amount  of  light,  and  the 
focus  is  obtained  by  the  action  of  the  ciliary  muscle  on  the  lens.  In  the 


Fig.  04.  Diagram  to  show  that  the  visual  angle  a.'a  Cize  of  the  retinal 
image  vary  with  the  distance  of  the  obj.-ct  from  the  eye. 

The  image  of  8-B  is  seen  at  os,  under  the  an,>e  g:  and  the  image  of  T-C 
is  seen  at  i-t c,  under  the  Ala. 

camera  the  focus  is  obtained  by  moving  the  sensitive  plate  nearer  to  or 
farther  from  the  lens.  In  the  human  eye  the  retina  occupies  a fixed  posi- 
tion, while  the  focusing  is  accomplished  by  alterations  in  the  curvature 
of  the  lens.  As  regards  the  exact  mechanism  of  accommodation  authorities 
differ,  there  being  two  principal  Theories.  Helmholtz  held  that,  when  the 
ciliary  muscle  contracts,  the  ehorioid  and  ciliary  processes  are  brought 
forward,  the  suspensory  ligament  of  the  lens  is  relaxed,  and  the  lens— by 
virtue  of  its  elasticity — becomes  more  convex.  Tscheming  has  advanced 
the  view  that  acorn  modation  does  not  depend  upon  slackening  of  the 
zonula  of  Zina,  but  on  its  tension,  which  is  brought  about  by  the  ciliary 
muscle,  whereby  the  periphery  of  the  lens  becomes  flattened  and  the  curve 
of  its  surface  assumes  an  hyperboloid  form.  Tscheming  states  that  he  has 
actually  produced  this  change  by  making  traction  on  the  zonula  in  the 
ejes  vf  m, mals  from  which  the  cornea  had  been  removed.  Schoen  has 
aLo  attacked  the  Helmholtz  theory  of  accommodation.  Which  of  these 
hypotheses  is  correct  must  be  decided  by  future  investigations. 
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That  a change  takes  place  in  the  pupillary  part  of  the  lens  during 
accommodation  is  demonstrated  by  the  alterations  occurring  in  the  reflexes 
called  the  Purkinje-Sanson  images.  These  are  catoptric  images  ( i.e re- 
flected) from  the  cornea  and  anterior  and  posterior  surfaces  of  the  lens. 
They  can  be  understood  by  a study  of  Fig.  65.  Let  light  fall  on  the  eye 
at  an  angle  of  30  degrees.  Three  images*will  be  seen:  the  brightest,  an 
erect  virtual  image,  is  from  the  anterior  (convex)  surface  of  the  cornea; 
another  erect  virtual  image,  larger,  but  less  bright,  is  from  the  anterior 
(convex)  surface  of  the  lens;  and  a small  inverted  real  image  is  from  the 
(concave)  posterior  boundary  of  the  lens.  The  second  image  is  inter- 
mediate in  position  between  the  other  two.  If  the  eye  is  accommodated 
for  a near  point,  the  corneal  image  is  unchanged.  The  middle  image 
becomes  smaller  and  approaches  the  corneal  image,  showing  the  curvature 
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Fig.  65. — Purkinje-Sanson  images.  (Folun.) 

A,  In  the  absence  of  accommodation,  with  the  pupil  dilated.  B,  In  accommoda- 
tion, with  the  pupil  contracted,  c,  Image  from  the  cornea,  a.  From  ht.  anterior 
surface  of  the  lens,  k,  From  the  posterior  surface  of  the  lens. 

of  the  anterior  surface  of  the  lens  to  be  increased.  A slight  change  occurs 
in  the  third  image.  By  means  of  a special  instrument,  the  phakoscope, 
Helmholtz  was  able  to  determine  that  in  maximum  accommodation  the 
radius  of  curvature  of  the  anterior  surface  of  the  lens  is  6 millimetres  as 
compared  with  10  millimetres  when  the  eye  Is  at  rest.  Another  change 
which  occurs  in  accommodation  is  a slight  ;ieking  of  the  lens,  which  is  due 
to  its  weight  (Heine). 

The  nervous  mechanism  of  accommodation  is  under  the  control  of 
the  will.  The  ciliary  muscle  l,  governed  by  fibres  which  can  be  traced 
through  the  short  ciliary  nervts  and  ciliary  ganglion,  along  the  third  nerve, 
to  a centre  located  (in  dogs)  at  the  front  end  of  the  aqueduct  of  Sylvius. 
Simulation  of  this  centre,  or  of  the  third  nerve,  or  of  the  short  ciliary 
nerves  leads  to  contricvon  of  the  ciliary  muscle  and  accommodation  for 
near  objects. 

In  recording  accommodation  certain  terms  are  used  which  must  now 
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be  explained.  The  most  distant  point  of  distinct  vision  is  called  the  far 
point  (punctum  remotum)=R.  The  nearest  point  at  which  small  print 
can  be  read  is  named  the  near  point  ( punctum  proximum ) = P,  The 
amount  of  accommodative  effort  of  which  the  eye  is  capable  is  called 
the  amplitude  of  accommodation  — A.  In  the  normal  eye  the  ampli- 
tude of  accommodation  is  expressed  by  the  formula:  A=P  — R , in 
which  P and  R are  expressed  in  dioptres  (a  dioptre  is  a glass  whose  focal 
length  is  one  metre) . If  the  distance  of  the  near  point  is  known  in  centi- 
metres, the  equivalent  in  dioptres  is  found  by  dividing  100  by  the  near  point 
in  centimetres.  Thus,  if  the  near  point  be  20  centimetres,  the  amplitude 

of  accommodation  = 5 D.  (A=P  — Rj  or  A=  ~ cm8‘  — R which 
. 20  cms.  ' 

m this  example  is  0;  hence  A==5  D.)  The  near  point  (P)  can  be  found 
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Fig.  66.  Diagram  showing  the  corneal  axis,  Tl-E , the  optic  axis, 

O-A;  the  visual  line,  R-Y;  the  hpe  of  fixation, 

R-J ; and  the  three  ai  gies. 

The  angle  between  U-E  and  the  visual  fine,  ^ Yt  is  the  angle  alpha,  averaging  five  de- 
grees. The  angle  between  the  optic  axis,  O 4,  ar  d the  line  of  regard,  E-J,  is  the  angle 
gamma.  The  angle  between  the  optic  axis,  O-a,  and  the  line  of  vision,  R-Y,  is  the  angle 
beta.  TS  = temporal  side ; NA  = nasal  sk'.e. 

by  ascertaining  the  nearest  'usance  at  which  the  patient  can  read  fine 
print;  the  distance  is  then  measured  by  a steel  tape  marked  both  in  dioptres 
and  in  centimetres. 

Optical  Defects.  Ti  e eye  is  not  a perfect  instrument,  since  it  is  not 
exactly  centred,  and  exhibits  chromatic  and  spheric  aberration  in  a small 
degree.  In  a jei.ect  optical  instrument  the  lenses  are  exactly  centred, 
and  the  visual  line  corresponds  to  the  axis  of  the  lens-system.  The  optic 
axis  of  the  human  eye  passes  through  the  centre  of  the  cornea,  but  not 
through  tiie  centre  of  the  lens,  and  does  not  touch  the  fovea  centralis:  the 
region  cf  distinct  vision.  The  line  of  vision  is  the  line  connecting  the 
object  viewed,  the  nodal  point,  and  the  fovea.  The  line  of  fixation  con- 
ufccts  the  object  with  the  centre  of  rotation , which  is  placed  6 millimetres 
behind  the  nodal  point.  The  angle  included  between  the  major  axis  of 
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the  corneal  ellipse  and  the  visual  line  is  called  the  angle  alpha , and  meas- 
ures about  five  degrees.  The  angle  included  between  the  optic  axis  and 
the  line  of  fixation  is  named  the  angle  gamma . The  angle  between  the 
optic  axis  and  the  visual  line  is  named  the  angle  beta.  These  are  shown 
in  Fig.  66,  and  will  be  referred  to  in  the  chapter  on  refraction. 

In  the  normal  (emmetropic)  eye  the  principal  posterior  focus  lies 
on  the  retina.  The  myopic  eye  has  its  principal  posterior  focus  in  front 
of,  and  the  hypermetropic  eye  behind,  the  retina.  These  must  be  consid- 


Fig.  67. — Diagram  to  show  spheric  aberration. 
The  distance  from  S to  R is  the  focal  line  of  Sturm. 


ered  as  abnormal  eyes,  although,  since  at  birth  and  in  infancy  all  eyes  are 
hypermetropic,  some  writers  contend  for  the  adoption  of  the  hypermetropic 
eye  as  normal.  In  the  middle  and  later  periods  of  life  presbyopia  (old 
sight)  appears,  owing  to  a diminution  in  the  elasticity  of  the  lens  o.  a 
weakness  of  the  ciliary  muscle.  All  these  conditions  can  properly  ba  con- 
sidered pathologic,  and  will  be  discussed  in  the  chapter  on  refraction  The 
normal  eye,  however,  is  subject  to  certain  defects:  spheric  and  chromatic 
aberration  and  astigmatism. 


L P T 


S 

Fig.  68. — Diagram  to  show  'hrjmatic  aberration. 


Spheric  Aberration. — Bays  of  light  which  traverse  the  peripheral 
parts  of  the  lens  are  brought  *.o  a focus  sooner  than  those  which  pass 
nearer  the  centre.  This  inequality  is  known  as  spheric  aberration.  The 
interval  between  the  foe’  is  known  as  the  focal  line  of  Sturm  (Fig.  67). 
The  iris,  acting  as  a diaphragm,  shuts  off  the  peripheral  rays  and  obviates 
this  defect. 

Chromatic  d blrration. — Different  rays  of  the  spectrum  are  bent 
to  different  degrees.  Violet  rays,  being  more  refrangible  than  red,  will 
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have  their  focus  nearer  to  the  lens.  This  inequality  is  known  as  chromatic 
aberration.  In  the  manufacture  of  optical  instruments  the  defect  is  over- 
come by  combining  a convex  with  a plano-concave  lens,  each  made  of  a 
glass  with  different  refractive  index.  In  the  human  eye  practically  the 
same  arrangement  of  lenses  exists,  and,  owing  to  ability  rapidly  to  change 
accommodation,  chromatic  aberration  attracts  little  notice.  That  chromatic 
aberration  exists  in  the  eye  can  be  demonstrated  by  the  study  of  Fig.  08. 
The  chromatic  test  for  errors  of  refraction  is  "based  on  chromatic  aberration. 

In  Fig.  68  let  it  be  supposed  that  G is  a luminous  point,  E-S  the 
dioptric  surface,  and  P to  be  the  plane  of  the  mean  focus  of  G.  Violet 
rays,  E-M  and  S-B,  will  be  brought  to  a focus  in  the  plane  L;  the  red 
rays,  E-A  and  S-F,  in  the  plane  T.  If  the  rays  fall  on  the  retina  between 
L and  P,  the  diverging,  or  blue,  rays  will  form  a centre  around  which  will 
be  the  converging  red  rays,  E-A  and  S-F.  If  the  rays  fall  on  the  retina 
between  P and  T,  the  converging  red  rays  will  form  a centre  bordered  by 
the  diveiging  blue  rays,  E-M  and  S-B,  around  them,  provided  those  lines 
were  carried  to  the  plane,  T. 

Astigmatism.— The  dioptric  surfaces  of  the  eye  are  not  parts  of 
perfect  spheres.  Slight  variations  do  not  cause  inconvenience,  but  ma-ked 
differences  in  the  curvature  of  the  refracting  surface  in  different  raeridi  ms 
will  reduce  vision.  Most  eyes  possess  a small  amount  of  regular  corneal 
astigmatism  (regular  because  the  meridians  of  greatest  am  mast  refrac- 
tion are  at  right  angles),  the  cornea  being  of  greater  convexity  in  the 
vertical  meridian.  Occasionally  regular  astigmatism  is  due  to  the  unequal 
curvature  of  the  lens.  Irregular  astigmatism,  the  nriuci  oal  meridians  being 
placed  otherwise  than  at  right  angles,  exists  in  t tie  roirnal  lens  to  a slight 
extent.  It  is  this  which  causes  a star  to  look,  not  round,  but  pointed. 

Lack  of  Transparency. — The  diopPh,  media  of  the  eye  are  not 
perfectly  transparent,  as  is  shown  by  the  presence  of  small,  bead-like  bodies 
(viuscai  volitantes)  which  are  seen  when  me  looks  through  a microscope. 
They  are  due  to  floating  particles  in  tho  vitreous  humor. 

Functions  of  the  Ins. — The  iris  ij  a diaphragm  cutting  off  light  which 
otherwise  would  pass  through  the  periphery  of  the  lens  and  thus  cause 
spheric  aberration.  It  also  forms  a support  for  the  ciliary  muscle  in  accom- 
modation. 

With  the  eye  at  re Tie  pupil  enlarges;  in  accommodation  it  becomes 
smaller.  The  movements  of  the  iris  are  under  the  control  of  a delicate 
nervous  arrangement  as  follows : The  ciliary  nerves  (branches  of  the 
lenticular  gaogimn)  pierce  the  sclera  near  the  entrance  of  the  optic  nerve, 
pass  forward  between  the  lamina  fusca  and  the  chorioid,  and  supply  the 
ciliary  muscle,  iris,  and  cornea.  They  distribute  sensory  filaments  from 
the  fifth  ne.-ve  to  the  eyeball;  motor  fibres  to  the  ciliary  muscle  and  to  the 
spmnetm  of  the  iris  from  the  third  nerve;  and  sympathetic  fibres  from 
the  cavernous  plexus,  which  on  irritation  cause  the  pupil  to  dilate. 

Hie  PuP1b  is  constantly  changing  in  size,  so  that  no  physiologic  stand- 
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ard  of  measurement  can  be  adopted,  although  it  is  generally  stated  that 
the  average  diameter  is  4.4  millimetres.  It  is  large  in  children  and  small 
in  the  aged. 

Contraction  of  the  Pupil  occurs  normally  (1)  in  response  to 
stimulation  of  the  retina  by  light,  and  (2)  during  accommodation.  The 
abnormal  conditions  causing  contraction  are  numerous,  and  embrace  the 
poisonous  effects  of  certain  drugs  and  gases  and  the  manifestations  of 
certain  nervous  diseases,  all  of  which  will  be  considered  in  the  clinical 
part  of  this  treatise. 

Dilation  of  the  Pupil  is  brought  about  normally  (1)  when  stimu- 
lation of  the  retina  is  diminished  or  absent,  as  in  passing  from  a brightly 
lighted  to  a dark  room;  and  (2)  when  the  eye  is  directed  toward  distant 
objects.  Abnormally,  contraction  occurs  in  poisoning  by  some  drugs,  in 
certain  nervous  diseases,  and  in  certain  pathologic  conditions  of  the  eyeball. 

Constriction  of  the  pupil  is  brought  about  by  the  action  of  the  cir- 
cular muscular  fibres  found  in  the  pupillary  margin  of  the  iris.  Dilation 
is  an  action  whose  exact  mechanism  is  still  a subject  of  debate.  Some 
physiologists  hold  that  it  is  simply  a negative  act : that,  when  the  sphincter 
pupillae  relaxes,  the  elastic  radiating  fibres  of  the  iris  cause  the  enlarge- 
ment; while  others  claim  the  existence  of  special  dilating  fibres. 

Contraction  of  the  pupil  in  response  to  the  stimulus  of  light  falling 
on  the  retina  is  a reflex  act,  the  optic  being  the  afferent  nerve,  the  motor 
oculi  the  efferent  path,  and  the  centre  being  situated  in  the  floor  of  the 
aqueduct  of  Sylvius. 

Aside  from  this  optic-oculomotor  reflex  mechanism  there  are  otlit,. 
agencies  which  influence  the  pupil.  Thus,  section  of  the  cervical  portion 
of  the  great  sympathetic  nerve  is  followed  by  contraction.  If  the  upper 
end  of  the  sympathetic  is  stimulated,  the  pupil  becomes  1 irg  cr.  This 
influence  of  the  sympathetic  upon  the  iris  is  the  antipode  to  what  occurs 
to  the  blood-vessels.  When  the  sympathetic  nerve  ha'*  1 een  sectioned,  the 
vessels  of  the  head  and  neck  become  enlarged,  nasal  aca  lacrimal  secretion 
are  increased,  the  temperature  of  the  corresponding  side  of  the  head  is 
raised,  and  the  pupil  contracts.  When  the  sympatln  tic  has  been  stimulated 
the  vessels  contract,  but  the  iris  dilates.  Excision  of  the  superior  cervical 
ganglion'of  the  sympathetic  shows  that  in  uie  human  subject  the  removal 
of  this  part  of  the  sympathetic  nerve  is  foTowed  by  dilation  of  the  vessels 
and  contraction  of  the  pupil. 

In  the  lower  animals  a set  ot  pcpil-dilating  nerve-fibres  can  be  traced 
from  a centre  located  in  the  floox  of  the  front  part  of  the  Sylvian  aqueduct. 
Thence  it  passes  through  the  cervical  part  of  the  spinal  cord,  the  anterior 
roots  of  the  upper  dorsa1  n<_rvfc^,  the  upper  thoracic  ganglion,  and  the  cer- 
vical portion  of  the  s^mpaLhetic  nerve.  It  can  be  further  traced  through 
a branch  of  the  sunt  no  l cervical  ganglion,  which  passes  upward  with  the 
internal  carotid  a T' eery,  and  thence  over  the  Gasserian  ganglion  to  the 
ophthalmic  aivis  ou  of  the  fifth  nerve.  From  this  point  the  nerve-fibres 
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pass  through  the  nasal  branch  and  the  long  ciliary  nerves  to  supply  the 
eye.  These  fibres  are  constantly  active.  If  sectioned  in  any  part  of  their 
course,  contraction  of  the  pupil  follows ; stimulation  of  the  distal  end  of 
the  divided  nerve  causes  dilation  of  the  pupil.  The  short  ciliary  nerves 
must  be  regarded  as  carrying  pupil-constricting  impulses,  while  the  pupil- 
dilating  impulses  traverse  the  long  ciliary  nerves. 

The  optic-oculomotor  mechanism  adapts  the  pupil  to  the  amount  of 
light,  and  the  sympathetic  mechanism  transmits  emotional  and  sensory 
influences.  Dilation  of  the  pupil  occurring  during  fear  or  during  pain 
is  due  to  the  sympathetic. 

Certain  drugs  act  on  the  iris  independently  of  nervous  connection. 
An  eye  in  which  the  optic,  oculomotor,  and  sympathetic  nerves  have  been 
cut  will  still  dilate  to  atropin  or  contract  to  eserin.  Such  drugs  act  in  a 
local  manner  on  the  sphincter  of  the  pupil. 

The  fifth  is  the  sensory  nerve  of  the  iris.  It  also  carries  the  dilating 
fibres  of  the  sympathetic. 

Associated  Action  between  the  accommodation  and  convergence  is 
interesting.  Whenever  we  look  at  a near  object  the  eyeballs  converge  and 
the  pupils  become  small.  When  the  eye  is  turned  to  a distant  object  the 
pupil  dilates.  These  are  examples  of  “associated  movements.” 

Monocular  Diplopia. — Scheiner’s  experiment,  which  was  used  by  its 
author  to  prove  accommodation,  shows  that  double  vision  can  Le  had  with 
one  eye  alone.  The  experiment  is  as  follows:  Take  a piece  of  cardboard, 
and  with  a pin  make  several  holes  so  close  to  one  anoth  -r  +hat  two  or  more* 
will  occupy  a space  of  less  diameter  than  the  pupil.  Now  place  the  card 
in  front  of  one  eye,  closing  the  other,  and  look  a ; a jin  placed  at  the  read- 
ing distance.  It  will  be  seen  properly,  only  somewhat  dimmed;  if  brought 
nearer  or  (in  myopia)  placed  farther  from  tho  oye,  it  will  be  seen  double. 
Under  some  pathologic  conditions  monocular  diplopia  occurs. 


OCULAR  MOVEMENTS  aND  BINOCULAR  VISION. 

Movements  of  the  Eye.— The  movements  of  the  eye  are  limited  prac- 
tically to  its  rotations  ar  >unc’  a centre  which  Donders  and  Dojer  found 
to  be  10  millimetres  in  front  of  the  posterior  surface  of  the  sclera,  or  14 
millimetres  behind  the  ou.nmit  of  the  cornea.  This  is  the  centre  of  rota- 
tion. The  six  muscle',  attached  to  each  eyeball  cause  the  globe  to  rotate 
around  three  axes,  which  pass  through  the  centre  of  rotation.  The  axis 
of  the  external  and  internal  recti  is  vertical,  while  the  axes  of  the  other 
pairs  of  muse'es  (superior  and  inferior  recti,  superior  and  inferior  obliques) 
are  in  the  horizontal  plane. 

In  irdcr  to  avoid  confusion  it  is  perhaps  well  to  define  the  three 
plrues  of  separation  of  the  eyeball:  (1)  the  horizontal  plane  of  separation 
divides  the  globe  into  an  upper  and  a lower  half,  (2)  the  vertical  plane 
divides  it  into  an  outer  and  an  inner  half,  and  (3)  the  equatorial  plane 
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divides  it  into  an  anterior  and  a posterior  half.  The  horizontal  and  ver- 
tical lines  of  separation  of  the  retina  intersect  in  the  fovea  centralis,  and 
divide  the  retina  into  four  quadrants.  It  is  necessary  to  call  attention  to 
the  positions  of  the  eyeball,  which  are  four  in  number:  (1)  the  anatomic 
position  of  rest;  (2)  the  functional  position  of  rest,  or  primary  position; 
(3)  the  secondary  positions,  due  to  movements  from  the  primary  position; 
and  (4)  the  tertiary  positions. 

The  anatomic  position  of  rest  obtains  in  the  eyes  of  the  dead  and  in 
sleep.  It  is  due  to  the  form  of  the  orbit,  the  length  and  insertion  of  the  optic 
nerve,  and  the  length  of  the  muscles  when  not  innervated.  It  is  usually 
widely  divergent,  rarely  parallel,  and  almost  never  convergent.  Since  the 
functions  of  the  eyes  cannot  be  performed  in  this  position  (because  devia- 
tion would  cause  diplopia),  it  follows  that,  on  awakening,  the  eyes  uncon- 
sciously assume  parallelism,  and  thus  are  in  the  functional  position  of 
rest . In  this  position  the  eyes  may  be  said  to  be  held  taut  by  a delicately 
balanced  muscular  harness.  The  lines  of  vision  are  parallel  and  the  visual 
planes  are  horizontal.  This  position  is  called  “functional,”  because  the  use 
of  the  eyes  produces  it,  and  it  is  called  the  position  of  rest,”  for  the  reason 
that  normal  eyes  naturally  assume  this  position  without  conscious  innerva- 
tion or  strain.  The  secondary  positions  result  when  movements  from  the 
functional  position  of  rest  occur.  Secondary  positions  are  of  two  kinds: 
(a)  the  visual  lines  are  parallel,  but  are  directed  upward  or  downward; 
and  (b ) the  lines  of  vision  converge  or  diverge.  The  amount  of  deviation 
is  expressed  by  the  angle  of  lateral  rotation.  From  the  primary  posi  tion 
(functional  position  of  rest)  the  eye  can  be  rotated  42  degrees  outward, 
45  degrees  inward,  34  degrees  upward,  and  57  degrees  downward  The 
tertiary  positions  are  caused  by  movements  of  the  eye  in  which  Lhe  lines 
of  vision  are  convergent  and  at  the  same  time  are  directel  upward  or 
downward. 

The  movements  of  the  eyes  in  their  various  directions  Jie  accomplished 
by  the  extra-ocular  muscles  in  accordance  with  Listing's  law,  viz.:  when 
moved  from  the  functional  position  of  rest,  the  rng'e  of  rotation  in  the 
second  position  is  the  same  as  if  the  eye  weie  turned  about  a fixed  axis 
perpendicular  to  the  first  and  second  positions  of  the  line  of  vision.  Phys- 
iologists have  shown  that  in  moving  from  the  primary  position  into  any 
other  there  is  practically  no  wheel  movement  of  the  eyeball  around  the 
visual  axis,  although  Javal  has  demonstrated  a slight  rotation  in  this 
direction.  This  fact  was  verifed  by  Helmholtz.  The  movements  of  the 
eyes  are  direct  and  oblique,  and  the  result  of  the  action  of  muscles  as 
follows : — 


Direct 

movements 


Nasally.. « Internal  rectus. 

Tempo/ally External  rectus. 

Upwa-d Superior  rectus  and  inferior  oblique. 

Dc  w-i^vard Inferior  rectus  and  superior  oblique. 
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Upward  and  nasally Superior  and  internal  recti  and  in- 

ferior oblique. 

Downward  and  nasally Inferior  and  internal  recti  and  su- 

perior oblique. 

Upward  and  temporally .Superior  and.  external  recti  and  in- 

ferior oblique. 

Downward  and  temporally... Inferior  and  external  recti  and  su- 
perior oblique. 

Protrusion  and  Retraction  Movements. — The  eyes  protrude  when  the 
return  of  venous  blood  is  interfered  with,  as  in  hanging;  in  contraction 
of  the  unstriped  muscular  fibres  of  Tenon’s  capsule,  innervated  by  the  cer- 
vical sympathetic;  in  forced  opening  of  the  lids,  which  diminishes  pressure 
on  the  globe;  and  in  excessive  action  of  the  oblique  muscles.  The  eyes 
retract  when  the  lids  are  closed  forcibly,  in  atrophy  of  the  orbital  tissues, 
and  after  excision  of  the  superior  cervical  ganglion  of  the  sympathetic 


Oblique 

movements 

/ 


Fig  69.  Diagram  to  show  (1)  the  primary  position  'i  the  right  eye; 
(2)  the  eye  turned  upward  and  inward,  a.'d  (3) 
downward  and  outward. 


er,  External  rectus,  ir,  Internal  rectus,  so,  to,  Sup»rk-  and  inferior  obliques. 
sr,  ifr , Superior  and  inferio:  rec  i. 


nerve.  It  will  be  observed  that  the  conditions  under  which  the  eyeball 
moves  antero-posteriorly  are  usuallv  pavologic. 

Relative  Ocular  Movements.-- So. anally  the  eyes  move  in  unison  be- 
cause of  the  necessity  of  having  ?u  image  fixed  on  each  fovea.  If  we  look 
at  an  object  at  a certain  dis  canoe,  and  then  at  another  at  the  same  distance, 
the  eyes  make  associated  movements , both  turning  up  or  down,  to  the 
right  or  to  the  left,  as  acquired,  one  eye  moving  as  much  as  the  other. 
When  the  objects  arc  both  situated  in  the  same  median  plane,  in  order  to 
fix  from  the  distal  to  the  nearer  one,  a movement  of  convergence  is  re- 
quired, both  eye*,  aiming  inward  to  the  same  degree.  When  two  objects 
are  in  different  directions,  the  second  nearer  than  the  first,  a combination 
of  associated  and  convergent  movements  is  necessary.  A movement  of 
one  eye  causes  the  other  to  move  also,  or  at  least  to  attempt  to  move.  The 
impulse  iO  binocular  single  vision  disappears  during  sleep,  when  the  eyes 
assure  the  anatomic  position  of  rest.  When  struggling  against  sleep/ or 
wuen  suddenly  awakened,  a momentary  diplopia  is  noticed. 
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Blindness  During  Ocular  Movements. — Dodge  has  shown  that  in  the 
fractional  part  of  a second  in  which  the  eyes  move  the  individual  is  prac- 
tically blind.  The  proof  of  this  is  that  one  is  never  able  to  see  the  move- 
ment of  his  own  eyes  in  a mirror. 

Binocular  Single  Vision. — Binocular  vision  means  the  union  in  one 
single  impression  of  images  received  simultaneously  on  both  retinas.  Under 
normal  conditions  an  image  of  every  object  looked  at  is  impressed  on  each 
retina.  The  question  arises:  how  is  it  that  these  images  are  blended  so 
that  the  observer  is  conscious  of  but  one  object?  Two  chief  theories  have 
been  proposed  for  the  solution  of  the  problem:  (1)  the  theory  of  identical 
points,  and  (2)  the  theory  of  projection.  The  latter  theory  assumes  that 
the  retino-cerebral  apparatus,  by  a process  of  mental  projection  of  the 
image  into  space,  has  the -power  of  appreciating  the  shape  and  size  of  an 
image,  as  well  as  the  direction  of  the  rays  of  light  which  form  it.  While 
the  limits  of  this  treatise  will  not  permit  an  extended  discussion  of  the 
subject  of  binocular  single  vision,  it  will  be  necessary  to  consider  the  first 
theory  more  extensively. 

The  theory  of  identical  points  assumes  a correspondence  of  each  point 
of  one  retina  to  a similarly  situated  point  on  the  retina  of  the  other  eye. 
When  the  eyes  are  directed  toward  a far-distant  object,  the  visual  axes 
being  then  parallel,  a correspondence  actually  exists;  but  when  the  visual 
axes  converge  the  points  do  not  converge.  Furthermore,  a part  of  each 
retina  has  no  corresponding  points  in  the  other.  This  is  due  to  the  fact 
that  the  actual  centre  of  the  retina  is  not  at  the  fovea  centralis,  but  lies 
nearer  the  nasal  side.  So  long  as  the  images  of  a point  are  within  the 
horopteric  circle  they  fall  on  corresponding  parts  of  the  retinae.  Images 
of  a point  outside  this  circle  do  not  fall  on  corresponding  points. 

This  circle,  the  horopter  of  Joannes  Muller,  may  be  described  as  being, 
in  the  simplest  form,  a circle  which  embraces  the  centr ; c*  rotation  of 
each  eye  and  the  apex  of  the  point  of  fixation  of  the  ’ isaal  lines.  Thus, 
in  Fig.  70  it  is  a simple  problem  in  geometry  to  demonstrate  that  images 
of  any  point  lying  within  the  horopteric  cirnle  h li  on  corresponding 
retinal  points.  Thus,  the  images  of  B will  fa  1 on  such  points.  For,  if  C 
and  D are  nodal  points  of  the  two  eyes,  and  F and  H are  the  centres  of 
the  fovese,  the  angles  D-A-C  and  D-B-C—  being  angles  in  the  same  seg- 
ment of  a circle — are  equal.  In  the  tr'angies  A-I-C  and  B-I-D,  the  angles 
A-I-C  and  B-I-D — being  opposite  nngks — are  also  equal.  Therefore,  the 
angles  A-I-C  and  B-I-D  are  eq  ^a1 ; and  the  angles  E-C-F  and  G-D-H  are 
equal.  Now,  if  the  left  eye  be  placed  on  the  right,  so  that  C-F  corresponds 
with  D-H , G must  correspond  with  E . 

Since  the  doctrino  of  luentical  points  is  true  for  only  some  visual 
acts,  an  attempt  murt  be  Anade  to  explain  binocular  single  vision  without 
the  horopter.  Such  oi  jects  as  are  situated  outside  the  horopter  are  seen 
double,  but  it  is  possible  to  obtain  only  a single  cerebral  impression  of 
them.  Thus,  the  expert  oplitlialmoscopist  keeps  both  eyes  open  while 
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examining  the  fundus.  The  image  seen  by  one  eye  in  this  case  is  ignored. 
Under  some  circumstances  a new  mental  picture  of  two  combined  dis- 
similar retinal  impressions  is  made.  Thus,  ideas  of  solidity  and  depth 
are  obtained  in  binocular  vision  by  the  mental  combination  of  dissimilar 
retinal  impressions,  as  in  using  the  stereoscope.  This  is  an  instrument 
by  means  of  which  two  somewhat  similar  pictures,  drawn  in  perspective, 
are  superimposed  so  that  they  appear  single.  One  reason  why  non-identical 
points  yield  good  vision  is  that  vision  becomes  less  distinct  as  we  pass  from 
the  centre  of  the  retina,  and  the  observer  learns  to  neglect  the  blurred 
peripheric  images  while  giving  attention  to  those  formed  on  the  fovea. 


A 


Stereoscopic  Vision.— This  is  another  name  for  binocular  vision,  or 
the  sense  of  depth.  Tne  law  of  identical  points  was  supposed  to  be  abso- 
lute up  to  the  time  'hat  Wheatstone  constructed  his  stereoscope.  This 
shows  that  the  perception  of  depth  is  caused  by  a slight  non-identity  of 
the  two  retinal  images.  An  object  appears  to  us  to  be  solid  when  each 
eye  views  it  from  a different  point,  as  in  normal  vision.  Thus,  let  the 
observer  ’oik  at  a house.  One  eye  sees  more  of  one  side  of  the  house  than 
the  other  and  vice  versa.  Thus,  each  eye  has  its  own  picture  of  the  house, 
ana  the  simultaneous  use  of  both  eyes  gives  us  a correct  idea  of  the  third* 
anucnsion.  It  is  the  unlikeness  of  the  two  pictures  which  gives  the  idea 
of  depth.  The  stereoscope  is  an  instrument  for  viewing  two  similar  pic- 
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tures  which  are  made  to  overlap,  giving  the  appearance  of  solidity  and 
depth.  The  stereoscopic  field  of  vision,  or  region  in  which  the  visual  fields 
of  the  two  eyes  overlap,  subtends  an  angle  of  about  90  degrees. 

Binocular  vision  is  acquired  during  the  first  months  of  life.  In  babes 
the  eyes  wander  aimlessly;  soon,  however,  the  child  learns  to  fix  objects, 
and  this  marks  an  important  event  in  its  ocular  and  cerebral  development. 

FUNCTIONS  OF  THE  RETINA. 

The  part  of  the  retina  essential  to  vision  is  the  layer  of  rods  and  cones. 
It  cannot  be  said,  however,  that  the  retina  sees:  what  it  does  is  to  receive 
stimuli  of  light.  These  are  transmitted  via  the  optic  nerves  and  tracts  to 
the  brain,  where  certain  changes  occur,  the  nature  and  site  of  which  are 


Fig.  71. — Diagram,  of  the  field  of  binocular  vision. 

The  field  for  the  left  eye  is  bounded  by  the  black  line ; that  for  th  ' r^kl  „ye  is  bounded 
by  the  interrupted  line.  1,  2,  Physiologic  scotomata.  5 at.on-point 

entirely  unknown.  The  resulting  sensation  l.ght  is  elaborated  into 
perception  of  external  objects  and  judgment  of  the  relation  which  these 
objects  bear  to  each  other  and  to  the  observer.  Stereoscopic  vision  having 
been  mentioned  already,  it  will  be  nec^ssiry  to  consider  now  the  field  of 
vision,  the  blind  spot  in  the  field,  tie  region  of  most  distinct  vision,  the 
duration  of  visual  sensations,  the  inversion  of  the  image,  color-vision,  and 
other  topics  naturally  included  under  the  head  of  the  functions  of  the 
retina. 

The  Field  of  Vision.  — r-very  eye  possesses  a certain  amount  of  indirect, 
or  peripheral,  vision,  ^hicn  when  outlined  upon  a surface  is  called  the  field 
of  vision.  The  recording  of  this  peripheral  power  of  the  retina  is  called 
measuring  the  field  d vision.  The  methods  used  in  its  determination  are 
discussed  ir  the  succeeding  chapter.  It  is  sufficient  in  this  place  to  state 
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that  the  field  varies  according  to  the  facial  configuration  of  the  individual 
and  the  test-color  used,  being  more  extensive  on  the  temporal  side  than 
on  the  nasal,  superior  or  inferior;  and  more  extensive  for  white  than  for 
colors.  The  position  of  the  eye  in  the  orbit,  the  prominence  of  the  bones 
at  the  base  of  the  orbit,  the  length  of  the  optical  axis,  and  the  size  of  the 
pupil  are  all  factors  influencing  the  form  of  the  visual  field.  The  dimen- 


sions  of  the  normal  field 

for  white  and  colors 

are : — 

White. 

Blue. 

Red. 

Green, 

Temporally  

80° 

65° 

50° 

Nasally  

55° 

50° 

40° 

Superiorly  

40° 

35° 

30° 

Inferiorly  

60° 

45° 

35® 

The  outer,  conti\u>Uw  Ixne  indicates  the  limit  of  the  field  for  white,  and  the  broken  lines 
indicate  the  limits  of  the  color-fields. 

The  Blint  Spot. — At  the  point  where  the  optic  nerve  enters  the  globe 
there  arc  no  retinal  elements;  hence  this  part  of  the  visual  field  is  blind. 
A dei*  on  ’tr.it ion  of  the  blind  spot  can  be  made  by  a simple  experiment. 
Let  the  observer  close  the  left  eye  and  with  the  right  look  intently  at  the 
uot>z  in  Fig.  73,  the  book  being  held  at  about  twelve  inches’  distance.  At 
o*  near  this  point  the  black  circle  will  disappear.  At  that  instant  rays  of 
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light  from  the  circle  strike  the  head  of  the  optic  nerve  and  the  black  spot 
becomes  imperceptible.  The  form  of  the  blind  spot  as  determined  by 
perimetry  is  elliptical.  Its  existence  proves  that  the  fibres  of  the  optic 
nerve  are  insensible  to  light,  which  can  stimulate  them  only  by  means  of 
the  retina. 

The  Macula  Lutea. — This  is  the  region  of  most  distinct  vision,  and 
it  is  here  that  the  end-organs  of  the  optic  nerve  are  most  highly  developed. 
In  daily  use  of  our  eyes  we  unconsciously  look  directly  at  objects.  Then 
the  image  is  received  on  the  maculae  and  perception  reaches  its  maximum 
acuity.  Any  pathologic  change  in  the  macular  region  diminishes  visual 
acuity  to  a marked  extent.  Rays  of  light  reaching  any  other  part  of  the 
retina  result  in  the  formation  of  an  indistinct  image. 

Direct  and  Indirect  Vision. — We  speak  of  direct  vision  when  the 
image  falls  on  the  centre  of  the  macula.  Indirect  vision  occurs  when  the 
rays  from  an  object  fall  on  the  peripheral  part  of  the  retina.  Indirect 
vision — although  much  less  acute  than  direct — is  of  great  assistance  in 
diminishing  movements,  changes,  or  intermission  of  visual  impressions 
(Exner).  Direct  vision  is  tested  by  means  of  types;  and  indirect  vision 
is  tested  by  the  use  of  the  perimeter. 

+ 

Fig.  73. — Diagram  to  show  the  blind  spot  in  the  visual  field. 

The  Rods  and  Cones  in  Vision. — The  statement  has  been  mu^e  that 
the  part  of  the  retina  essential  to  vision  is  the  layer  of  rods  end  cones. 
That  this  is  true  is  shown  by  the  figures  of  Purkinje.  It  wis  this  physi- 
ologist who  first  showed  that  the  shadows  of  the  blood -v  isae  Is  of  the  retina 
can  be  seen  under  favorable  conditions,  although  the}  a.'e  ignored  in  ordi- 
nary vision.  If,  by  oblique  illumination,  light  is  concentrated  far  back 
upon  the  sclerotic,  the  eye  being  directed  to  a dt  rk  background,  images 
of  the  retinal  vessels  will  be  seen  as  shadows,  femce  the  vessels  lie  in  the 
anterior  portion  of  the  retina,  it  must  folio v that  in  Purkinje’s  experi- 
ment their  images  are  perceived  by  scmt  part  of  the  retina  behind  the 
vascular  layer.  It  has  been  showr  by  mathematical  calculations,  based 
on  the  movement  of  shadows  following  the  movements  of  the  illumination 
in  the  experiment  mentioned,  Lhut  the  visual  impulses  originate  in  the 
outermost  part  of  the  retina : i.e.,  in  the  layer  of  rods  and  cones.  Another 
argument  in  favor  of  the  Av.ds  md  cones  as  the  sensitive  part  of  the  retina 
is  furnished  by  these  .^acts . Since  the  sensitive  part  is  shown  by  Purkinje’s 
experiment  to  be  bel  ind  the  vascular  layer,  it  must  be  admitted  that  the 
part  of  the  retina  essential  to  vision  is  either  the  layer  of  rods  and  cones, 
the  external  nuclear  layer,  or  the  pigmented  epithelium.  The  layer  of 
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pigment-cells  is  excluded,  because  albinos,  both  human  beings  and  animals, 
in  whom  this  layer  is  absent,  possess  vision.  The  external  nuclear  layer 
can  be  excluded  for  the  reason  that  it  is  practically  absent  in  the  part  of 
the  retina  where  vision  is  most  acute. 

Consideration  of  the  nature  of  the  change  in  the  layer  of  rods  and 
cones  which  is  necessary  to  the  transmission  of  stimuli  is  pure  speculation. 
Nevertheless  the  statements  to  follow  may  be  assumed  to  represent  cor- 
rectly the  present  state  of  our  knowledge  of  visual  sensation.  The  stimulus 
which  excites  vision  consists  of  ether-waves,  which  are  disturbances  of 
definite  periodicity  in  space  and  time.  Variations  in  the  length  of  waves 
produce  different  effects  on  the  retina,  and  are  of  importance  in  exciting 
a definite  series  of  color-sensations.  Physicists  tell  us  that  there  is  no  real 
distinction  between  heat-  and  light-  waves.  The  length  of  wave  which 
excites  extreme  red  is  thirty-two  millionths  of  an  inch. 

The  effects  produced  on  sentient  cells  by  light  are:  (1)  a change  in 
color  of  the  purple  of  the  rods,  ending  in  complete  bleaching;  (2)  retrac- 
tion of  the  cone,  which  previously  projected  into  the  pigment  epithelium; 
and  (3)  the  generation  of  an  electric  current,  which  travels  from  the  pig- 
ment epithelium  to  the  nerve-fibre  layer,  and  is  positive. 

Many  theories  have  been  advanced  in  explanation  of  the  retinal  fiiar  ges 
accompanying  the  visual  act,  and  of  these  the  most  plausible  founded 
on  the  rediscovery  of  the  visual  purple  by  Boll.  This,  the  photochemical 
theory,  has  not  cleared  the  mystery.  The  limits  of  this  work  preclude  a 
discussion  of  the  subject.  It  is  necessary,  however,  to  moud on  the  retinal 
pictures. 

Optograms,  which  are  pictures  appearing  on  the  ietina  after  exposure 
to  light,  are  due  to  bleaching  of  the  retinal  rea.  They  can  be  obtained 
by  this  process : Enucleate  the  eye  of  an  animal  in  a dark-room,  and  keep 
the  eye  in  a closely  covered  box.  Then  direct  it  toward  a window  and 
expose  it  to  bright  illumination  for  a ftv  minutes.  The  eye  is  then  taken 
into  a dark-room  and  examined.  A nicture  of  the  window  will  be  found 
on  the  retina,  the  window-glass  appearing  light  and  the  sash  dark. 

Duration  of  Visual  Sensations. — The  duration  of  a visual  sensation  is 
always  greater  than  that  of  aho  stimulus  causing  it.  However  brief  the 
stimulus,  the  retinal  effect  lasts  about  one-eighth  of  a second.  A common 
experiment  in  evidence  of  this  proposition  is  to  look  at  a wheel  revolving 
rapidly.  The  spokes  do  not  appear  as  separate  radiating  lines,  but  the 
wheel  seems  to  bo  one  solid  mass.  This  is  because  each  spoke  follows 
another  so  rapidly  that  one  impression  cannot  disappear  before  another  is 
produced,  ^hen  the  stimulus  is  of  some  duration,  the  observer  can  distin- 
guish bet  veen  that  part  of  the  sensation  occurring  while  light  still  falls  on 
the  03  e and  that  part  which  remains  after  the  light  has  ceased  to  reach  the 
re  ina.  The  latter  portion  is  known  as  an  after-image.  Physiologists 
classify  after-images  as  positive  and  negative.  The  former  will  generally 
bo  of  the  same  color  as  the  stimulus  producing  them,  while  the  latter,  which 
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are  due  to  fatigue  of  the  stimulated  retina,  as  a rule  assume  a comple- 
mentary hue.  Thus,  if  the  observer  looks  for  an  instant  at  a very  bright 
light,  as  at  the  sun,  and  closes  the  eyes,  after-images  of  the  luminous  body 
will  remain  for  a few  seconds. 

Irradiation. — Luminous  impressions  often  are  not  confined  to  the 
retinal  elements  directly  involved,  but  extend  to  adjacent  elements.  This 
leads  to  deception  as  regards  the  dimensions  of  objects.  Thus,  in  Fig.  74, 
the  two  circles  are  of  the  same  diameter,  yet  the  white  circle  on  the  black 
ground  appears  the  larger.  On  prolonged  inspection  of  the  objects  the 
deception  increases.  Irradiation  is  to  be  explained  by  the  aberration  of 
the  dioptric  media  of  the  eye.  Not  all  the  rays  coming  from  an  object  are 
focused  on  the  retina,  and  thus  the  image  is  surrounded  by  diffusion  circles 
separating  it  from  the  unilluminated  area. 

Relation  of  Sensation  to  the  Intensity  of  the  Stimulus. — Physiologists, 
by  comparing  the  visual  sensations  caused  by  different  degrees  of  lumi- 
nosity, have  found  that,  within  certain  limits,  the  smallest  difference  of 
light  which  the  human  eye  can  appreciate  is  about  1/100  of  the  total 
'uminosity. 


Fig.  74. — Diagram  to  show  irradiation. 

Time  Necessary  for  Excitation  of  the  Retina  by  Light.  — This  is 
exceedingly  small.  It  has  been  computed  that  light  thrown  f rc  m . i rotating 
mirror  stimulates  the  eye  when  acting  for  only  V80ooooo  P<  rt  af  a second. 

Clearness  of  Vision  is  dependent  on  the  space  between  the  retinal 
cones  in  the  macula  lutea.  To  be  clearly  seen  an  object  must  practically 
subtend  an  arc  of  60  or  70  seconds  in  the  field  of  vision  The  image  of  such 
an  object  produces  an  image  of  about  1/12  000  oc  an  inch  in  the  retina,  and 
this  is  approximately  the  distance  between  the  cones. 

Inversion  of  the  Image. — It  is  known  horn  the  laws  of  optics,  and 
from  experiments,  that  the  image  formed  upon  the  retina  is  inverted;  yet 
it  is  perceived  as  an  upright  object.  Why  is  it  that  objects  are  seen  erect 
when  their  images  are  inverted?  Wuhout  discussing  the  question  exten- 
sively it  is  sufficient  to  say  that  iL  u the  result  of  lifelong  habit.  A person 
born  blind,  and  remaining  in  that  condition  for  many  years,  as  a result 
of  a successful  operation  ms  his  sight  given  him,  but  is  unable  by  this 
sense  alone  to  tell  the.  difference  between  a cube  or  a sphere,  a dog  or  a 
cat.  All  objects  appear  'co  him  as  flat.  Soon,  however,  aided  by  the  sense 
of  touch,  he  app~eTa.es  form,  and  guided  by  experience  he  soon  learns  to 
view  the  externa  »vorld  normally.  By  touch  the  individual  corrects  his 
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mental  impression,  and  soon  the  brain  learns  to  make  the  correction  inde- 
pendently. In  discussing  this  question  Helmholtz  said  that,  since  “our 
natural  consciousness  is  completely  ignorant,  even  of  the  existence  of  the 
retina  and  of  the  formation  of  images,  how  should  it  know  anything  of  the 
position  of  images  formed  upon  it?” 

The  Visual  Centre. — The  visual  fibres  in  man  pass  from  the  optic  tract 
to  the  external  geniculate  body  and  pulvinar.  Thence  the  visual  impulse 
traverses  fibres  which  pass  through  the  posterior  end  of  the  internal  capsule 
and  run,  as  the  optic  radiations  of  Gratiolet,  to  the  cerebral  cortex  in  and 
around  the  calcarine  fissure  (Hunk’s  visual  centre).  It  is  not  known 
whether  the  nerve-cells  of  this  area  are  the  seat  of  conscious  impressions 
or  are  merely  substations  on  the  way  to  higher  centres.  Whether  the  same 
brain-cell  is  capable  of  appreciation  of  differences  in  color  as  well  as  in  the 
amount  of  light-effect  is  also  unknown. 

Color-perception. — When  a beam  of  sunlight  is  passed  through  a prism 
it  is  decomposed  into  a series  of  colored  rays  called  the  solar  spectrum. 
These  spectral  colors  are  red,  orange,  yellow,  green,  blue,  indigo,  and  violet. 


Fig.  75. — Diagram  of  the  decomposition  < f so'ai  light  into 
the  spectral  colors.  (Jennings.) 

They  are  called  simple  colors  because  they  cannot  be  further  decomposed. 
The  shape  of  the  spectrum  is  elongated  for  the  reason  that  the  violet  rays 
are  more  refrangible  than  the  red  ( nts.  The  spectral  colors  are  said  to 
consist  objectively  of  rapid  transverse  v;brations  of  the  all-pervading  ether, 
from  four  hundred  millions  of  millions  per  second  for  red  to  about  seven 
hundred  and  sixty  million:  if  millions  for  violet.  Subjectively  they  are 
sensations  caused  by  the  i.npa  it  of  ether  vibrations  upon  the  retina.  White 
light,  having  been  decomposed  into  the  colors  named  above,  can  be  recom- 
posed by  means  of  a biconvex  lens.  Another  method  of  making  white  light 
from  a combination  o'  the  spectral  colors  can  be  demonstrated  by  means  of 
Newton’s  disc,  which  is  a piece  of  cardboard  on  which  five  spectral  colors 
are  pasted  m Ihe  shape  of  triangles  radiating  from  the  centre,  which  is 
black.  By  rapidly  rotating  the  disc  the  observer  sees  a grayish-white  color. 
Since  the  duration  of  retinal  impressions  is  greater  than  the  stimulus 
causing  them,  a mixture  of  the  colors  occurs,  with  grayish  white  as  a 
iesnlt. 

Colors  are  distinguished  according  to  (1)  their  hue,  (2)  their  purity, 
and  (3)  their  brightness.  Tone,  or  hue,  depends  on  the  wave-length : i.e.. 
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the  position  of  the  color  in  the  spectrum.  Purity,  or  saturation,  depends 
on  the  white  which  is  found  in  nearly  all  colors  except  those  of  the 
spectrum:  the  less  the  amount  of  white,  the  greater  the  purity  of  the 
color.  The  intensity,  brightness,  or  shade  depends  on  the  intensity  of  the 
illumination.  Complementary  colors,  those  which  when  mixed  produce 
white,  are  as  follows: — 

Red  and  greenish  blue.  Yellow  and  indigo-blue. 

Orange  and  cyanogen-blue.  Greenish  yellow  and  violet. 

Red  is  complementary  to  green-blue,  green  to  purple,  yellow  to  indigo,  and 
orange  to  blue. 

These  are  spectrum-colors,  and  their  fusion  gives  a result  different 
from  that  obtained  by  the  mixing  of  pigments  of  the  same  colors.  Thus, 
the  yellow  and  indigo-blue  of  the  spectrum  make  white,  while  the  same 
pigment-colors  produce  green. 

Black  is  a sensation  which  corresponds  to  a state  of  rest  of  the  eye. 
There  are  no  completely  black  objects  in  nature:  those  which  seem  blackest 
reflect  a considerable  quantity  of  light. 

Normal  Variation  in  Color-perception. — While  it  has  long  been  known 
that  certain  individuals  cannot  distinguish  between  red  and  green,  it  has 
been  supposed  until  recently  that  with  the  exception  of  these  color-blind 
persons  the  rest  of  the  human  race  could  distinguish  colors  accurately. 
The  recent  experiments  of  Rood  show  that  there  is  as  much  variation  in  Qli 
people  in  the  power  of  accurate  color-perception  as  in  visual  acuity.  Ilis 
observations  were  carried  out  by  means  of  the  flicker  photometer,  ^or  ine 
purpose  of  comparing  his  own  color-vision  wflth  that  of  others.  TR.  found 
that  not  a single  person  agreed  with  him,  and  no  two  agreed  witn  each 
other.  In  further  study  of  the  subject  he  compared  his  own  with  the 
color-perception  of  eleven  persons.  It  was  found  that  they  could  be  divided 
into  two  classes  according  to  their  perception  of  greeiu  The  average  color- 
vision  of  the  eleven  was  taken  as  the  normal  standard,  and  the  divergence 
of  each  person  from  this  standard  was  then  calculated. 

Theories  of  Color-perception. — These  are  nunerous.  No  two  of  them 
agree  and  not  one  is  entirely  satisfactory.  The  whole  question  resolves  itself 
into  the  fact  that  there  is  a pair  of  rectors  elements  with  adaptive  ap- 
paratuses that  are  capable  of  receiving  jight-rays  and  transferring  them 
into  energies  that  are  carried  to  the  'cclpital  cortex,  in  which  situation  they 
are  gotten  ready  for  perception. 

The  Ocular  Adnexa. — The  eyelids  afford  protection  to  the  globe.  The 
eye  is  opened  by  the  action  of  the  levator  of  the  upper  lid  (which  is 
innervated  by  the  third  ne.’ve)  assisted  by  depression  of  the  lower  eyelid. 
The  eye  is  closed  b^  contraction  of  the  orbicularis  palpebrarum  muscle, 
which  is  supplied  b j +ne  facial  nerve.  Closure  is  generally  a reflex  act, 
but  is  under  vclu  itiry  control.  The  reflex  act  of  winking  is  under  the 
control  of  njfrreoi  impulses  carried  by  the  ophthalmic  division  of  the  fifth 
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nerve  and  efferent  impulses  transmitted  by  the  facial.  Since  the  levator 
palpebras  superioris  muscle  sends  a slip  to  the  superior  rectus,  contraction 
of  the  latter  not  only  raises  the  visual  axis,  but  also  elevates  the  upper 

eyelid  to  a slight  extent.  The  inferior  rectus  likewise  depresses  the  visual 
axis  and  lower  eyelid. 

The  conjunctiva  is  the  membranous  covering  of  the  eyelids  and  globe. 
It  is  constantly  kept  moist  by  the  secretion  of  the  lacrimal  gland  of  the 
orbit  and  the  accessory  glands  found  in  the  lids.  The  fluids  thus  formed 
ordinarily  disappear  partly  by  evaporation,  partly  by  way  of  the  drainage 
apparatus.  The  lacrimal  fluid  is  slightly  alkaline  in  reaction,  containing 
about  1 per  cent,  of  solids,  among  which  sodium  chlorid  is  noticeable! 
Excessive  lacrimal  secretion,  or  the  production  of  tears,  is  a reflex  act 
occurring  in  response  to  irritation  applied  to  the  conjunctiva,  cornea,  skin 
oi  the  face,  nasal  mucous  membrane,  tongue,  buccal  mucous  membrane, 
or  any  peripheral  irritation  or  lesion  causing  pain.  It  also  occurs  in 
response  to  the  emotions  and  as  a result  of  stimulation  of  the  retina  by 
strong  light.  Section  of  the  cervical  part  of  the  sympathetic  nerve  produces 
lacnmation.  The  sensory  part  of  the  fifth  is  the  afferent  nerve.  The 

efferent  fibres  are  found  in  the  lacrimal  and  orbital  branches  of  the  sa  ue 
nerve. 

The  flow  of  the  lacrimal  secretion  into  the  canaliculi,  sac,  ani  kcrimo- 
nasal  duct  occurs  in  response  to  mechanical  force,  in  which  the  chief  factors 
are  capillarity,  gravity,  and  the  movements  of  the  lids.  The  act  of  winkino- 
rapidly  prevents  an  overflow  of  tears.  Henke  has  compared  this  actio! 
to  that  of  a suction-pressure  pump.  The  generally  accepted  view  is  that 
muscular  action  expands  the  lacrimal  sac,  into  wl  ich  the  tears  are  drawn. 
The  sac  is  emptied  by  the  passive  contraction  of  its  elastic  fibres. 

Lacrimal  secretion  is  generally  absent  from  the  eyes  of  the  newborn 
and  is  not  noticed  until  about  the  second  month  of  extra-uterine  existence’ 

The  naso-lacrimal  duct,  often  imperfect  at  birth,  becomes  patent  about 
the  same  time. 


CHAPTER  IV 


EXAMINATION  OF  THE  EYE. 


Examination  of  tlie  eye  includes  ordinary  inspection,  inspection  by 
the  aid  of  lenses  and  instruments  of  precision,  ophthalmoscopy,  and  func- 
tional testing.  Inspection  and  ophthalmoscopy  are  fortunately  independent 
of  the  answers  of  the  patient;  the  functional  tests  depend  entirely  on  his 
replies.  All  of  the  methods  are  of  value.  In  addition  to  their  use  the  sur- 
geon should  secure  a complete  history  of  the  case  and  should  make  a record 
of  the  same.  Observance  of  this  rule  will  not  only  save  much  time  if  the 
patient  should  return  at  a later  period,  but  will  furnish  data  of  value  to 
the  profession.  Furthermore,  the  possession  of  a case-history  may  protect 
the  surgeon  from  a suit  for  alleged  malpractice.  A systematic  plan  of 
examination  should  be  followed,  the  record  being  placed  in  book  or  card 
form.  For  this  purpose  the  following  order  may  be  used : — 

Name Residence Age Occupation 

Sex Color Married,  single,  or  widowed 

General  and  ocular  diseases  of  parents 

Personal  history  of  patient:  constitutional  diseases,  acquired  or  hereditary;  in- 
juries   

Personal  habits  of  patient:  alcohol,  tobacco,  drugs,  sexual  relations 

Date  and  symptoms  of  present  trouble:  pain  in  or  around  the  eyes,  symptcms  caused 
by  use  of  the  eyes,  etc 

External  examination:  inspection  of  both  eyes  shows 

Inspection  of  right  eye:  lids,  conjunctiva,  cornea,  tension,  nupii.  etc 

Inspection  of  left  eye:  lids,  conjunctiva,  cornea,  tension,  pupil,  etc 

Vision  of  right  eye  = ; improved  by  convex  or  concave  sphere  or  cylinder 

Vision  of  left  eye= ; improved  by  c^n^x  or  concave  sphere  or  cylinder 

Examination  of  right  eye  with  ophthdu  orneter  shows 

Examination  of  left  eye  with  ophthalmometer  shows 


Muscle-balance  measured  by  Maddc  x rod,  phorometer,  etc.,  shows 


Ophthalmoscopic  examination  shows 


, _ , f Right 

Record  of  the  visit  t 1 . "Ms  -<  T 
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Examination  of  color-sense 


{ 


Left . . 
Right 


Examination  of  refraction  after  the  ( Right 
use  of  a mydriatic  for days  ( Left . . 


Examination  by  retinoscopy 

X-ray  examination  by  Dr . . . 
Diagnosis  and  prognosis .... 
Local  remedies  ordered  applied 
Internal  remedies  prescribed.  . 


( Right 
\ Left . . 


Glasses  and  frames 


prescribed 


Right 
Left . . 


Patient  is  to  return. 
Patient  referred  by  Dr 
Remarks  


Atropin. 

Scopolamin. 

Homatropin. 


GENERAL  EXAMINATION  OF  THE  PATIENT. 

Many  eye  diseases  are  the  local  expression  of  a general  pathologic 
process.  Hence  the  need  for  investigating  the  general  condition  of  the 
patient-  Search  for  tubercular,  rheumatic,  syphilitic,  or  ner  rologic  man- 
ifestations will  be  in  order.  Attention  should  be  given  to  tne  hygienic 
surroundings  of  the  patient.  The  vocation,  habits,  ml  diet  should  be 
studied.  Often  laboratory  tests,  such  as  examinations  of  the  blood  and 
urine,  will  give  valuable  data.  The  various  reaction  t*ste  for  syphilis  or  for 
tuberculosis  may  be  required.  A word  of  warning,  however,  may  be  not 
inappropriate  as  regards  the  so-called  conjunctival  reaction  of  Wollf-Eisner, 
or  of  Calmette.  This  concerns  the  instillation  of  a solution  of  tuberculin 
into  the  conjunctival  sac  of  a normal  eve.  While  the  test  is  a valuable  one, 
in  many  instances  it  has  been  followed  ey  excessive  reaction  producing  a 
prolonged  conjunctivitis,  a keratitis,  or  a corneal  ulceration;  in  a few  cases 
blindness  has  resulted.  A on  Pirquot/s  cutaneous  reaction  is  to  be  preferred. 

EXTERNAL  EXAMINATION. 

Having  obtained  the  history  of  the  case,  attention  is  naturally  first 
directed  to  the  two  eyts  to  determine  any  difference  in  appearance  or  lack 
of  symmetry.  S;  eh  marked  difference  as  the  absence  of  one  eye,  a turning 
of  the  globe,  the  presence  of  a swelling  of  an  inflammatory  nature,  or  the 
existence  of  a tumor  or  ulcer  will  immediately  be  noticed.  In  many  cases, 
however,  the  departure  from  the  normal  is  evidenced  by  slight  changes, 
which  ca'l  for  minute  examination.  First  in  order  will  be  inspection  of 
thr  °yela£hes.  Notice  should  be  taken  whether  the  lashes  are  present  in 
normal  number,  evenly  distributed  along  the  margin  of  the  lid,  or  if 
certain  spots  seem  to  show  too  few  cilia.  Also  it  should  be  noted  if  the 
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cilia  are  propeny  directed.  If  they  turn  toward  the  globe,  note  whether 
they  are  improperly  directed  (trichiasis)  or  if  they  are  present  in  two  or 
more  rows  of  misplaced  cilia  (distichiasis).  The  lashes  may  be  normally 
distributed  and  directed ; their  ends  do  not  taper  to  a fine  point,  but  appear 
as  stubs.  In  this  case,  ask  if  the  patient  has  trimmed  the  lashes  or  lias 
had  them  singed  either  intentionally  or  by  accident.  Search  should  be 
made  for  small,  white,  downy  hairs,  which  may  grow  from  any  part  of  the 
lid-margin  and  are  often  found  at  the  inner  canthus,  where  they  rub 
the  globe  or  caruncle  with  every  wink.  Short,  thick,  black  hairs,  known 
by  the  laity  as  “wild  hairs,”  often  cause  much  irritation.  About  the  roots 
of  the  cilia  parasites  (phthiriasis  oculorum)  may  be  found.  The  matting 
together  of  the  lashes  with  a moist  substance  will  at  once  suggest  the 
presence  of  some  form  of  conjunctivitis. 

Eyelids. — Any  change  in  color,  size,  contour,  or  motility  of  the  lids 
should  be  observed.  The  lid  is  subject  to  eczema,  xanthelasma,  and  other 
cutaneous  diseases.  A localized  inflammatory  swelling  of  the  lid  will 
suggest  trauma,  hordeolum,  erysipelas,  erythema,  sarcoma,  an  inflamed 
chalazion,  or  acute  circumscribed  edema.  A local  non-inflammatory  swell- 
ing may  be  due  to  a dislocated  lacrimal  gland  or  to  a chalazion.  In  the 
latter  case  a hard,  round  body  like  a shot  will  be  felt.  A local  non- 
inflammatory swelling  may  be  due  to  nephritis.  A general  inflammatory 
swelling  of  the  lid  is  met  with  in  trauma,  gonorrheal  conjunctivitis,  and 
erysipelas.  A general  non-inflammatory  swelling  may  be  caused  by  em- 
physema, in  which  case  palpation  will  elicit  the  characteristic  crepitate  • 
or  it  may  come  from  the  accidental  discharge  of  a solution  which  has  ,'eeD 
thrown  into  the  cellular  tissue  while  injecting  the  naso-lacrimal  duct. 

An  ulcer  of  the  lid  may  be  due  to  syphilis  (chancre),  in  which  ca.-e  the  pre- 
auricular  gland  will  be  enlarged,  or  to  a malignant  growth  ( epithelioma ) . 

Nevi  and  varicose  veins  are  sometimes  seen  in  the  lids. 

As  regards  motility,  it  is  noted  in  ptosis  that  the  lid  can  be  aised  only  by 
calling  the  occipito-frontalis  muscle  into  action. 

In  exophthalmic  goitre  the  upper  lid  follows  the  globe  slowly  when  the  patient 
is  told  to  look  down  (von  Graefe’s  sign)  or  is  retracted  (Lurymple’s  sign)  ; or  the 
act  of  winking  may  be  done  at  long  intervals  (Stellv  ag’s  sx6n.)  Drooping  of  the  lid, 
aside  from  inflammatory  thickening,  is  found  in  paralysis  of  the  cervical  portion  of 
the  sympathetic  nerve,  which  supplies  the  fibres  of  Muller’s  muscle.  Vertical  nar- 
rowing of  the  palpebral  fissure  exists  in  enophthalmos.  Imperfect  closure  of  the  lids 
is  found  in  paralysis  of  the  seventh  nerve.  Ti  e levator  palpebrae  superiors  muscle 
may  act  only  in  conjunction  with  ano+he,.  muscle  or  group  of  muscles.  In  these 
instances  the  patient  always  shows  dight  congenital  ptosis.  He  should  be  told  to 
look  downward,  opening  his  mouth  widely  and  moving  the  jaw  from  side  to  side. 
It  will  be  found  that  the  levator  the*',  draws  the  lid  well  above  the  cornea.  In  some 
cases  the  levators  act  only  in  conjunction  with  the  internal  recti,  convergence  causing 
the  upper  lids  to  be  retrac / *d. 

The  contour  of  the  lid  may  be  changed  by  scars  from  wounds,  ulcera- 
tion, or  burns.  J\i?  linger  should  be  passed  along  the  lower  part  of  the 
anterior  surface  oi  the  upper  and  corresponding  portion  of  the  lower  lid, 
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to  feel  for  thickened  areas.  If  present,  they  will  suggest  tarsitis  or  occlu- 
sion of  the  Meibomian  ducts.  The  position  of  the  edges  of  the  lids  may 
be  changed.  A turning  inward,  entropion,  will  cause  the  cilia  to  brush 
against  the  cornea.  A turning  outward,  ectropion,  will  expose  the  in- 
flamed and  thickened  conjunctiva  and  cause  a flow  of  tears  on  to  the 
cheek.  Attention  should  be  given  to  the  shape  of  the  lid-margin.  Nor- 
mally  the  margin  is  rounded  on  the  skin  side,  while  the  side  toward  the 
globe  forms  a right  angle.  In  trachoma  the  posterior  lip  is  worn  away 
Having  inspected  the  external  surfaces  and  margins,  the  examiner  should 
proceed  to  the  next  step. 

Eversion  op  the  Lids  may  appear  to  be  a simple  matter,  but  under 
pathologic  conditions  eyes  may  be  injured  by  unskillful  manipulation. 

lght  force  expended  in  the  proper  way  will  enable  the  examiner  to  evert 
the  eyelid  without  pressing  on  the  globe.  The  procedure  differs  according 


Fig.  7 6. — Eversion  of  the  upper  eyelid 


to  the  age  of  the  patient.  In  examining  an  adult  the  surgeon  should  stand 
behind  a chair  on  which  the  patient  sits.  The  patient  should  look  down- 
ward The  examiner,  grasping  the  eyelashes  of  the  upper  lid  between  the 
thumb  and  index  finger  of  the  left  hand,  applies  the  index  finger  of  the 
right  hand  to  the  outer  surface  of  the  lid  at  a point  midway  between  the 
hd-margin  and  the  margin  of  the  orl.it.  The  lid  is  to  be'  gently  lifted 
over  the  fulcrum  thus  made  b>  the  right  index  finger.  So  long  as 

plTshed  Dt  °°kS  d0WnWaTd  “Le  tuming  of  the  lid  ^ generally  easily  accom- 

. To  evert  the  lower  lid  of  the  adult  the  examiner  should  be  seated 
acmg  the  patient,  who  is  to  look  upward.  At  the  same  time  the  examiner 
pulls  the  lid  downward,  the  eversion  being  done  by  means  of  the  thumb 
applied  to  the  cutaneous  side  of  the  lid. 

In  eversion  of  the  lids  of  a child  the  surgeon  is  to  sit  facing  the  nurse, 

°’grasPmg  the  child’s  hands  and  legs,  places  the  patient  in  a horizontal 
positmn  tin  head  being  toward  the  examiner.  Seizing  the  child’s  head 
rm  y tr.veen  his  knees,  the  surgeon  is  free  to  use  both  hands.  Since 
children  frequent  y are  terrified  and  struggle,  care  must  be  taken  to  avoid 
pressure  on  the  globe.  Often,  by  waiting  tmtil  the  child  becomes  tired,  the 
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upper  lid  can  be  everted  by  simply  making  traction  with  the  thumb  placed 
at  the  orbital  margin;  or  the  lid  may  be  everted  over  a match,  which  is 
used  as  a fulcrum.  The  eversion  of  the  lower  lid  in  the  child  is  easily 
accomplished. 

The  lids  being  everted, — first  the  upper,  next  the  lower, — search  should 
be  made  for  pathologic  conditions,  such  as  conjunctivitis,  fissures  at  the 
outer  canthus,  deformity  of  the  upper  tarsal  plate,  areas  of  ulceration,  or 
patches  of  atrophied  conjunctiva  forming  guy-ropes  binding  the  lid  to  the 
globe.  At  the  same  time  the  condition  of  the  cornea*  can  be  observed. 
Search  for  foreign  bodies  should  not  be  omitted.  Ey  the  methods  described 
above  the  lower  conjunctival  fornix  can  be  thoroughly  explored,  but  not 
the  upper.  To  explore  this  requires  another  procedure  known  as 


Fig.  77. — Examination  of  the  eye  of  a child. 


Secondary  Eversion  of  the  Upper  Lid. — Having  turned  the  upper 
lid  and  completed  its  inspection,  the  surgeon  should  retain  +hei  lid  in  its 
everted  position  and  pass  beneath  it,  and  into  the  upper  fornix,  a Noyes 
retractor  (Fig.  78).  This  instrument  is  used  to  ex^o^e  the  entire  upper 
fornix,  which  is  a favorite  location  for  trachoma  and  foreign  bodies.  Papil- 
lary tumors  of  the  conjunctiva  occasionally  grov  Lorn  this  part,  owing  to 
the  irritation  caused  by  the  lodgment  of  a foreign  body.  To  render  this 
procedure  painless  a few  drops  of  holocxin  ^ 1 -per-cent,  strength)  can  be 
dropped  into  the  eye.  Only  rarely  docs  A occur  that  spasmodic  closure  of 
the  lids  cannot  be  overcome  by  the  means  just  described.  If  so,  a gen- 
eral anesthetic  will  be  necessary  While  the  lids  are  everted  any  required 
application  should  be  made. 

Ocular  Conjunctive  — - At  the  same  time  that  the  palpebral  con- 
junctiva is  examined  the  condition  of  the  ocular  portion  of  this  membrane 
should  be  determined  Tf  undue  redness  is  present,  notice  should  be  taken 
whether  it  is  greatest  posteriorly,  in  the  region  of  the  fomices,  or  ante- 
riorly, around  'the  corneoscleral  junction.  The  presence  of  trachoma  bodies 
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or  foreign  substances  will  be  noticed.  Llcerations  of  the  ocular  conjunctiva 
occur  as  broad,  flat  losses  of  tissue,  while  in  conjunctival  tuberculosis  the 
ulceration  presents  a thickened,  irregular,  mammillated  appearance.  Broad, 
hard  patches  of  infiltration  may  be  due  to  the  initial  lesion  of  syphilis 
or  to  a beginning  epithelioma.  Benign  tumors  occur  in  or  immediately 
beneath  the  ocular  conjunctiva.  Localized  patches  of  hyperemia,  of  a 
bright-red  color,  will  suggest  episcleritis.  Invasion  of  the  cornea  by  con- 
junctival vessels  in  the  form  of  pannus  is  very  common.  A deep-pink  zone 
of  redness,  involving  vessels  beneath  the  conjunctiva,  suggests  a deep-seated 


inflammation  of  the  eye,  involving  particularly  the  uveal  tract.  To  deter- 
mine whether  the  redness  is  in  or  beneath  the  conjunctiva  the  observer  needs 
only  to  move  the  eyelid  over  the  eyeball ; and  since  the  ocular  conjunctiva 
is  loosely  attached  to  the  globe,  movement  of  this  membrane  can  be  readily 
caused.  If  the  redness  moves  with  the  conjunctiva,  it  is  due  to  conjunctival 
hyperemia;  if  not,  it  is  deeply  seated.  Both  forms  of  hyperemia  may  exist 
at  the  same  time  in  the  same  eye.  The  deep-seated  zone  ^f  redness  is 
greatest  immediately  around  the  corneoscleral  junction. 


Fig.  79. — Position  for  secondary  eversion  of  the  upper  lid. 

Nettleship  distinguist  es  three  systems  in  the  blood-supply  of  the  ante- 
rior part  of  the  eye.  These  vessels,  while  scarcely  to  be  seen  in  health,  are 
prominent  in  disease. 

System  I. — The  pcsterior  conjunctival  arteries  and  veins  (C,  Fig.  80). 
Hyperemia  of  the*e  oauses  ?,  bright- red  color,  which  moves  with  the  conjunctiva. 
It  is  associated  with  a muco-purulent  discharge  and  indicates  conjunctivitis.  The 
greatest  redness  is  in  the  fornices.  (Fig.  208.) 

System  II. — The  anterior  ciliary  vessels  ( A.c.a .;  Y.c.a.,  Fig.  80),  which  supply 
the  sclera,  iris,  and  ciliary  body  by  means  of  perforating  branches,  while  the  non- 
perfora ting  \essels  supply  the  episcleral  tissue.  Congestion  of  these  vessels  produces 
a r.nkish  zone  of  circumcorneal  congestion  which  does  not  move  with  the  conjunctiva. 
(I'cr  209.)  Hyperemia  of  this  system  is  present  in  iritis  and  cyclitis.  Venous  con- 
gestion of  this  region  is  often  present  in  glaucoma  as  a dark,  violet-colored  zone. 
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System  III.— The  anterior  conjunctival  (/?.,  Fig.  80)  and  ciliary  vessels.  These 
are  minute  vessels  which  form  loops  in  the  peripheral  part  of  the  cornea.  Hyperemia 
of  these  causes  a bright-red  discoloration  around  and  partly  in  the  cornea,  and  is 
typically  seen  in  the  early  stages  of  interstitial  keratitis. 

Lacrimal  Apparatus. — The  examiner  should  notice  whether  the 
puncta  are  directed  properly,  so  as  to  take  up  the  flow  of  tears.  Often 
they  are  everted,  or  they  may  be  directed  properly  and  be  closed;  01  eye- 
lashes  or  other  foreign  bodies  may  be  engaged  in  a canaliculus  and  pro- 
trude from  the  punctum.  Normally  the  punctum  cannot  be  seen  except 
the  lid  be  lifted  away  from  the  globe. 

The  condition  of  the  tear-sac  can  be  determined  by  palpation.  If 
pressure  on  it  causes  the  discharge  of -mucus  or  pus  into  the  nose  below. 


or,  as  is  more  common,  into  the  conjunctival  sac  above,  the  sac  is  diseased. 
If  there  is  any  doubt  as  to  the  patency  of  the  drainage  apparatus,  a few 
drops  of  warm  boric  acid  solution  should  be  injected  from  a hypodermic 
syringe  armed  with  a blunt,  hollow  needle,  which  is  placed  in  the  lower 
canaliculus.  If  the  fluid  runs  freely  into  The  nose  the  canals  are  open. 
If  the  fluid  runs  into  the  conjunctiva  via  che  upper  canaliculus,  there 
is  either  obstruction  or  stricture.  While  this  statement  is  true  of  most 
cases,  mention  must  be  made  of  the  t*.ct  that  a growth  of  leptothrix  occur- 
ring in  the  lower  canaliculus  Las  b°en  known  to  permit  the  discharge  of 
fluid  from  a syringe,  while  the  mass  caused  epiphora,  enlargement  of  the 
canaliculus,  and  practically  la*  rimal  obstruction. 

Another  method  of  determining  the  patency  of  the  lacrimal  passages 
is  to  place  a few  drc  ps  of  a 2-per-cent,  strength  fluorescin  solution  in  the 
conjunctiva.  After  waiting  a minute  or  two  the  patient  is  told  to  use 
his  handkerchief.  The  presence  of  the  fluorescin  stain  will  show  that  the 
passages  are  ''pom 
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While  in  nervous  subjects  syringing  of  the  naso-lacrimal  apparatus 
should  be  preceded  by  the  application  of  a local  anesthetic  to  the  con- 
junctiva, the  author  does  not  favor  the  injection  of  a cocain  solution  when 
the  object  is  to  determine  the  patency  of  the  canal.  The  constricting  effect 
of  the  cocain  on  the  mucous  membrane  may  lead  to  wrong  deductions. 

The  injection  of  a solution  (1  to  10)  of  suprarenal  extract  into  the 
lacrimal  sac  will  often  enable  the  surgeon  to  distinguish  between  simple 
inflammatory  thickening  of  the  drainage  apparatus  and  true  stricture.  If 
the  former  condition  exists,  the  apparatus  soon  becomes  patent;  if  the 
latter,  the  epiphora  continues  (Bates). 

The  accessory  lacrimal  gland  may  be  seen  by  drawing  the  upper  lid 
veil  away  from  the  globe  and  at  the  same  time  having  the  patient  look 
downward.  The  gland  proper  cannot  be  seen  or  felt  under  normal  con- 
ditions. 

The  Caruncle  is  sometimes  deeper  on  one  side  than  the  other,  owing 
to  retraction  following  tenotomy  of  the  internal  rectus  muscle.  Neoplasms 
sometimes  grow  from  it. 

The  Sclera  should  be  uniformly  white  in  youths  and  adults  and 
yellowish  in  very  old  people.  In  children  it  is  of  a bluish  tint.  If  a bulg- 
ing of  the  sclera  is  seen,  it  may  be  simply  a staphyloma  marking  the  site  of 
an  old  injury  or  idiopathic  inflammation,  or  it  may  indicate  the  position  of 
an  intra-ocular  tumor.  If  the  latter,  oblique  illumination,  the  light  being 
concentrated  on  the  protrusion,  will  not  illuminate  the  interior  of  the  eye. 
If  the  protrusion  is  staphylomatous,  light  passes  freelv  through  the  thinned 
membranes  and  the  interior  is  illuminated.  Transdlumination  of  the  eye 
is  described  on  page  156. 

The  length  of  the  Eye  can  be  determined  approximately  by  the  dis- 
tance from  the  height  of  the  scleral  eilrve  to  the  cornea.  The  patient  is 
directed  to  turn  the  eye  strongly  inward  while  the  examiner  observes  it 
from  the  outer  side.  In  hypermetropia  the  equator  is  nearer  and  in  myopia 
it  is  farther  from  the  cornea  than  in  the  normal  eye. 

The  Cornea  is  viewed  without.  turning  the  lid  and  normally  is  trans- 
parent. Any  pathologic  cond.tnn  is  evidenced  by  a loss  of  this  property. 
Its  diameter  can  be  determined  by  Priestley  Smith’s  keratometer,  which 
consists  of  a millimetre  scaie  placed  between  two  plano-convex  lenses  in 
the  form  of  an  eyeglass  Laving  a focal  length  of  ten  inches;  or  it  can  be 
measured  with  the  ophthalmometer. 

Hemorrhage  into  the  layers  of  the  cornea  is  a condition  rarely  found 
and  generally  comes  from  trauma. 

Opacities  of  the  cornea  often  require  minute  examination  for  their 
detection  Daylight  is  first  used,  and  light  is  concentrated  on  the  cornea 
by  a cl  ouble  convex  lens.  The  same  is  done  with  artificial  light.  A super- 
ficial opacity  is  called  a nebula  ; a dense  one,  a leueoma;  a vascular  one, 
paunus.  riceration,  interstitial  inflammation,  abscess,  pressure,  and  for- 
eign bodies  will  cause  opacities.  The  presence  of  a vascular  keratitis  will 
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call  for  an  immediate  eversion  of  the  lids  and  a search  for  trachoma  bodies. 
The  cornea  may  be  clear,  but  protruding  at  its  centre  (keratoconus) . It 
may  be  immensely  enlarged  in  keratoglobus  and  in  hydrophtlialmos.  Some- 

times  opacities  are  present  in  it  at  birth. 

In  examining  the  cornea  the  following  methods  may  be  employ  ed . 

(A)  The  patient  is  placed  facing  a window,  an  outline  of  which  will  be  seen 
reflected  on  the  cornea.  Any  irregularity  or  opacity  will  cause  a distortion  of  the 
image  of  the  window. 

( B ) Focal  illumination  is  a valuable  method.  A double  convex  lens  of  two 
or  three  inches’  focus  is  used  to  concentrate  the  light  from  a lamp  upon  the  cornea  ; 
or  the  same  object  can  be  attained  by  the  use  of  the  candle-lamp  of  Priestley  Smith. 
Another  method  is  to  reflect  light  from  the  ordinary  liead-mirror.  Regardless  of  the 
method  used  to  concentrate  light,  it  is  advisable  to  view  the  cornea  through  a 
magnifying  glass. 

(C)  The  concave  retinoscopy  mirror  of  twenty-five  centimetres  focus  can  he 
used  to  concentrate  daylight  or  artificial  light  on  to  the  cornea. 


(D)  Placido’s  disc  is  used.  The  patient  is  placed  with  ids  back  to  a window 
and  the  examiner  reflects  light  from  the  disc  on  to  the  cornea,  the  observer  looking 
through  a small  hole  in  the  centre  of  the  disc.  Nebula;  will  caus  , > distortion  in  the 
image.  The  disc  can  also  he  used  with  artificial  light. 

° (E)  In  case  an  ulcer  or  abrasion  is  small,  its  outline  Can  be  obtained  by  the 
use  of  a solution  of  fluorescin  (2  per  cent.),  which  if  dropped  on  the  cornea.  Any 
nart  of  the  cornea  denuded  of  its  epithelium  will  b stained  a bright-green  color, 
while  the  normal  tissue  will  be  unaffected.  The  previous  use  of  cocain  increases  the 
staining  power  of  fluorescin.  Valuable  as  is  the  flu«  rescin  test,  it  is  not  infallible. 
Benson°lias  found  that  frequently  fluorescin  vwuid  not  stain  some  conditions  com- 
monly called  ulcers;  and,  on  the  other  hand,  it  would  stain  many  corneas  where 
neither  ulcers,  epithelial  abrasions,  ncr  pathologic  conditions  of  the  epithelium  were 

discoverable.  , - 

( f ) The  ophthalmometer  can  b'  used  to  determine  the  radius  of  curvature  0 

the  different  meridians  of  the  cornea,  as  will  be  explained  later.  (See  page  11().) 

(G)  To  determine  thn  sensitiveness  of  the  cornea,  which  is  much  reduced  in 
glaucoma  and  in  some  diseases  of  the  fifth  nerve,  take  a small  wisp  or  string  of 
absorbent  cotton  and  touch  the  cornea,  taking  care  not  to  touch  any  other  part. 

(H)  The  corneal  microscope  of  Czapski,  or  the  binocular  magnifier  of  Jackson, 
can  be  employed  t.  detect  minute  changes  in  the  cornea,  anterior  chamber,  and  iris. 
Jackson’s  instrument  is  designed  to  give  a true  binocular  image  magnified  in  all 


94 


MODERN  OPHTHALMOLOGY. 


directions.  It  consists  of  two  tubes  with  convex  lenses  at  their  convergent  ends,  and 
prisms  at  the  divergent  ends. 

The  Anterior  Chamber  should  be  examined  as  to  its  depth,  the  clear- 
ness of  its  contents,  and  the  possible  presence  of  a foreign  body  or  of  an 
exudation.  The  depth  of  the  chamber  is  estimated  by  observing  the  rela- 
tionship of  the  iris  to  the  anterior  surface  of  the  cornea.  Normally  it 
averages  2.6  millimetres.  Like  a brook,  when  clear,  the  chamber  is  deeper 
than  it  looks.  Normally  it  is  shallower  in  infants  and  in  the  aged  than 
in  middle  life.  Pathologically  the  anterior  chamber  may  be  empty,  too 
shallow,  or  too  deep.  When  empty,  the  iris  is  in  contact  with  the  posterior 
surface  of  the  cornea.  A wound  or  a perforation  from  an  ulcer  will  then 
be  found.  The  chamber  may  be  obliterated  in  an  old  case  of  iridocyclitis, 
in  glaucoma  intra-ocular  tumor,  or  in  epibulbar  sarcoma  and  hydroph- 
thalmos. 

A shallow  chamber  occurs  in  abnormally  flat  cornea,  in  traumatic  cataract  with 
swelling  of  the  lens,  in  glaucoma,  and  in  intra-ocular  growths.  It  also  is  met  with 
in  an  early  stage  of  senile  cataract  when  the  lens  is  swollen.  A deep  chamber 
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Fig.  82. — Corneal  images  of  Placido’s  disc.  (Ax^rELD. ) 


A,  Normal.  B,  In  superficial  irregularities  (glaucoma,  r°r».nc}  ymatous  keratitis). 

C,  In  irregular  scars.  D,  In  kere  tocon  is. 

occurs  where  the  cornea  is  too  protuberant;  in  cast  the  iris  is  displaced  backward, 
as  in  adhesions  between  the  pupillary  margin  of  die  iris  and  the  capsule  of  the  lens, 
the  latter  being  drawn  backward  by  the  cor  faction  of  old  cyclitic  membranes.  It 
also  is  present  in  serous  cyclitis  and  in  aphakia.  The  chamber  may  be  shallowed  or 
abolished  at  the  periphery  and  be  abrmr  uady  deep  at  the  centre,  as  is  sometimes 
observed  in  iritis,  hydrophthalmos,  and  in  cyclitic  eyes.  Adhesions  between  the 
cornea  and  iris  can  be  determined  c;ther  by  ordinary  inspection  or  by  oblique 
illumination. 

Normally  the  aqueous  humor  is  invisible.  Pathologically  it  may  be 
mixed  with  blood,  pus  or  lymph.  Fluids  in  the  chamber  gravitate  accord- 
ing to  the  position  of  the  patient.  Minute  dots  on  the  posterior  surface 
of  the  cornea  from  a deposition  of  lymph  are  found  in  serous  cyclitis. 
Foreign  bodies  :u  the  anterior  chamber  can  be  seen  by  oblique  illumination. 
The  history  o"  the  accident  will  assist  in  the  determination  of  their  nature. 
If  of  iroi.  or  steel,  the  electromagnet  will  be  of  assistance  in  their  removal. 

Iris  can  be  readily  examined  if  the  cornea  and  aqueous  humor 
aie  clear.  The  color  of  the  iris,  its  lustre,  its  movements,  and  its  contour 
should  all  be  observed.  A lack  of  lustre  and  a change  in  color,  together 
v ith  a sluggish  or  immobile  pupil,  will  indicate  iritis.  A localized  bulging, 
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with  surrounding  discoloration,  may  come  from  a foreign  body,  an  intra- 
ocular tumor,  a parasite,  or  a gummatous  iritis. 

Tremulousness  of  the  iris  can.be  elicited  by  having  the  patient  move 
the  eye  rapidly  up  and  down,  halting  suddenly  at  the  middle  line.  It 
indicates  a want  of  support,  and  is  found  when  the  zonula  is  relaxed  or  the 
lens  absent,  dislocated,  or  shrunken.  The  condition  can  generally  be  ob- 
served easily  by  daylight.  Sometimes  it  is  better  seen  in  a dark-room  by 
oblique  illumination. 

The  Pupil  should  be  carefully  studied  in  all  ocular  cases,  since  it  fur- 
nishes much  information  not  to  be  obtained  elsewhere.  The  size  of  the 
pupil  can  be  measured  by  the  use  of  the  pupillometer,  which  the  observer 
holds  close  to  the  outer  canthus.  The  disc  is  turned  until  an  aperture  is 
found  corresponding  to  the  size  of  the  pupil.  The  record  is  made  in  milli- 
metres. Priestley  Smith’s  keratometer  can  be  used  for  the  same  purpose. 

The  pupil  is  relatively  narrow  in  the  newborn,  in  hypermetropes  of  high  degree, 
and  in  old  age.  It  is  relatively  broad  in  youths  and  in  myopes.  Marked  miosis  and 
oftener  marked  mydriasis,  as  a rule,  are  pathologic.  Before  we  can  judge  of  the 


Fig.  83. — Jackson’s  binocular  magnifier. 

state  of  the  pupil  it  is  necessary  to  know  whether  a miotic  (eserin,  pilo^arpin, 
arecolin),  or  a mydriatic  (atropin,  homatropin,  scopolamin,  cocain,  etc.),  has  been 
used.  The  internal  use  of  drugs  also  must  be  investigated.  Nicotic  ana  opiates 
cause  miosis;  belladonna,  scopolamin,  hyoscin,  etc.,  cause  mydriasi  We  should 
also  note  whether  the  abnormality  depends  on  local  changes  in  the  iris  (mydriasis 
in  glaucoma  and  after  contusions,  miosis  from  adhesions,  iris  atrophy,  etc.). 

Voluntary  Iris  is  the  term  applied  to  those  rare  cases  in  which,  without 
change  in  convergence  or  accommodation,  the  individual  can  contract  and 
dilate  the  iris  at  will. 

Inequality  of  the  pupils  (anisocoria)  xarely  occurs  in  health.  It  is 
found  where  one  eye  is  blind,  in  disease  c*  the  teeth,  in  traumatism  pro- 
ducing minute  tears  in  the  sphincter  oi  the  iris,  in  tabes,  cerebral  syphilis, 
disseminated  sclerosis,  paretic  dementia,  epilepsy,  and  probably  in  a few 
other  conditions.  Inequality  aHc^nating  from  one  side  to  the  other 
(springing  or  alternating  mydncsis)  occurs  as  a premonitory  sign  of  in- 
sanity. 

The  presence  of  annocc  ria  suggests  the  need  for  a careful  examination 
of  the  pupillary  reflexes.  While  anisocoria  often  leads  to  the  detection 
of  important  nervuib  diseases,  it  is  not  always  pathologic.  It  is  found 
exceptionally  in  healthy  persons  whose  eyes  differ  in  refraction  (anisome- 
tropia) . 
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Mobility  of  the  iris  is  determined  by ‘placing  the  patient  in  front  of 
a window  facing  the  light.  He  is  to  look  at  a distance.  The  examiner  then 
covers  the  eyes  for  a moment ; on  uncovering,  the  pupils  should  be  found 
larger,  but  should  immediately  contract.  In  case  the  iris  is  immobile  and 
the  tension  of  the  eye  is  normal,  a mydriatic  should  be  used  to  determine 
whether  adhesions  are  present. 

Normal  Pupillary  Reflexes.— The  movements  (reflexes)  of  the  pupil 
are  manifested  by  contraction  and  dilation.  The  contraction  reflexes  are: 
(1)  the  direct  light  reflex;  (2)  the  consensual  light  reflex;  (3)  the  con- 
vergence reflex;  (4)  the  cerebral  cortex  reflex,  and  (5)  the  lid-closure 
reflex.  The  dilation  reflexes  are:  (1)  the  direct  “shade”  reflex;  (2)  the 
consensual  “shade”  reflex;  (3)  the  relaxed  accommodation  reflex;  (4)  the 
sensory  reflex,  and  (5)  the  psychic  reflex. 

Tesiixg  the  Pupillary  Reflexes. — 7.  The  patient  is  placed  in  front  of  a 
window  facing  the  light.  He  is  to  look  at  a distance.  The  examiner  covers  both  eyes 
for  a moment;  on  uncovering,  the  pupils  should  be  found  larger,  but  should  imme- 
diately contract.  Again  both  eyes  are  covered,  and  after  a moment  the  right  is  un- 
covered, and  the  pupil  contracts— direct  light  reflex.  The  left  eye  is  now  uncovered  and 

the  right  pupil  becomes  smaller  than  it  was  before,  while  the  left  pupil  also  contracts 

consensual  light  reflex.  While  the  patient  continues  to  look  at  a distant  object,  a 
pencil  is  held  six  inches  from  the  nose,  and  the  patient  is  told  to  look  at  quickly; 
the  pupils  will  contract  further  as  convergence  and  accommodation  a ' ..ailed  into 
play  convergence  reflex.  This  is  often  called  the  “accommodation  and  convergence 
reaction,”  but  it  is  more  closely  connected  with  convergence  than  with  accommodation. 
The  cerebral  cortex  reflex  (cortical  reflex  of  Haab)  occurs  when  the  patient,  sitting 
in  a dimly  lighted  room  and,  on  thinking  of  a bright  light,  the  -upil  contracts.  The 
test  is  thus  described  by  Haab:  — 

If  in  a room  illuminated  only  by  a lamp  or  candle- flame,  the  light  is 
placed  so  that  it  will  shine  laterally  into  a pe*  *on’s  eyes  while  he  looks  directly 
forward  into  the  darkness,  a marked  cont  action  of  both  pupils  takes  place 
whenever  the  attention  is  directed  toward  the  light,  with  no  change  in  the  posi- 
tion of  the  eyes.  As  long  as  the  attention  is  directed  to  the  light  and  fixation 
of  the  eyes  on  the  dark  wall  is  main  ah  °d  the  pupils  remain  contracted,  but  as 
soon  as  the  attention  is  transferred  to  the  point  of  fixation  they  dilate,  although 
the  quantity  of  light  entering  the  e, e has  remained  constant  and  all  movements 
of  accommodation  and  convergence  are  excluded.” 

The  lid-closure  reflex  (palpebral  reflex  of  the  pupil;  Gifford’s  reflex;  Galassi’s 
reflex;  Westphal-Piltz  reactio,.)  was  discovered  by  von  Graefe.  When  the  lids  are 
forcibly  closed,  the  pupil  contracts.  Gifl'ord  inserts  a speculum  and  tells  the  patient 
to  close  his  eyelids,  'toe  pupil  then  contracts.  This  test  is  used  to  determine 
whether  the  sphinctei  of  the  iris  is  paralyzed.  The  above  are  contraction  reflexes. 

11.  Some  of  the  tests  are  made  under  reduced  illumination,  producing  the 
dilation  refli ~e._  The  eye  is  protected  from  light  and  the  pupil  dilates— direct 
‘“shade”  relic.-.  If  one  eye  is  covered,  the  pupil  of  the  other  eye  dilates— consensual 
"shade"  reflex.  The  accommodation  is  relaxed  by  looking  from  a near  to  a far 
object  . nu  the  pupils  dilate — relaxed  accommodation  reflex. 

Tiw  sensory  reflex  (skin-reflex,  or  pain  reaction).  When  a sensory  nerve  is 
stimulated— by  tickling  or  by  pinching  the  skin— both  pupils  will  dilate. 

The  psychic  reflex.  Certain  mental  states,  such  as  terror  or  anger,  cause 
dilation  of  the  pupils. 
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Contraction  of  the  Pupil,  miosis,  may  come  from  (I)  irritation  or 
(II)  paralysis. 

7.  Miosis  from  Irritation  is  caused  by: — 

(a ) Diffuse  inflammatory  conditions  of  the  brain  and  meninges,  caus- 
ing a direct  stimulation  of  the  motor  oculi  nerve. 

(b ) Tumors  near  the  anterior  corpora  quadrigemina  or  near  the  centre 
of  the  third  nerve  or  in  its  fibres. 

(c ) In  the  first  stage  of  apoplexy,  in  hysteria,  and  in  epilepsy. 

(d)  In  hemorrhage  into  the  pons. 

(e)  After  long-continued  near  work,  causing  spasm  of  the  ciliary 
muscle  and  sphincter  of  the  iris. 

(f)  Inflammatory  conditions  of  the  anterior  portion  of  the  eye  (kera- 
titis, iritis,  cyclitis,  etc.)  and  foreign  bodies  in  the  cornea  and  conjunctiva. 

(g)  After  the  use  of  eserin,  pilocarpin,  arecolin,  muscarin,  nicotin, 
or  opium. 

II.  Paralytic  Miosis,  due  to  the  sympathetic  nerve,  occurs  in : — 

(a)  Injuries,  apoplexy,  tumors,  inflammations  of  the  cervical  cord. 

(b ) Mediastinal  tumors  and  carcinoma  of  the  esophagus. 

(c)  Paralysis  of  the  sympathetic  nerve,  and  after  excision  of  the 
superior  cervical  ganglion. 

Dilation  of  the  Pupil,  known  as  mydriasis,  can  be  divided  into  two 
types:  (I)  paralytic  and  (II)  spastic. 

7.  Paralytic  Dilation,  dependent  on  the  oculomotor  nerve,  occurs  in  — 

(a ) Hemorrhage  or  tumor  in  the  floor  of  the  aqueduct  of  Sylvius. 

(b ) In  diseases  which  affect  the  fibres  of  the  motor  oculi  ne  *ve  any- 
where in  their  course  ( e.g .,  sinus-thrombosis  and  glaucoma). 

(c)  After  the  use  of  atropin,  duboisin,  daturin,  hyoscvamin,  hyoscin, 
or  homatropin. 

(d)  In  crushing  of  the  eyeball. 

77.  Spastic  Dilation,  dependent  on  the  sympathetic,  is  found  in: — 

(a)  Fright. 

(b ) Accumulation  of  C02  in  the  blood 

(c)  In  the  fully  developed  epileptic  and  eclamptic  attack. 

(d)  Tumors  and  inflammations  of  tin  spinal  cord  {e.g.,  in  the  early 
stage  of  tabes). 

(e)  Reflex  action  from  tht  presence  of  worms  in  the  intestine ; in 
lead  and  biliary  colic. 

(f)  In  tumors  of  the  neck. 

(g)  Melancholia  and  r lar.ia. 

(h)  After  the  use  of  cocain. 

(i)  In  labor  and  all  painful  irritations  of  any  part  of  the  sympathetic, 
such  as  renal  coli  c,  cic. 
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Facts  Concerning  Pupillary  Eeaction. — In  miosis  due  to  irrita- 
tion, light,  accommodation,  convergence,  and  eserin  will  cause  still  greater 
contraction ; atropin  will  produce  dilation. 

In  miosis  arising  from  paralysis,  light,  accommodation^  convergence, 
and  eserin  will  cause  contraction;  atropin  has  but  little  effect. 

In  paralytic  mydriasis  there  is  no  reaction  with  light,  accommodation, 
or  convergence;  eserin  acts  but  feebly. 

In  spastic  mydriasis,  light,  accommodation,  convergence,  and  eserin 
will  cause  contraction. 

Abnormal  Varieties  of  Pupillary  Reaction. — These  are  the 
Robertson  phenomenon,  the  hemianopic  iris-inaction  of  Wernicke,  the  para- 
doxic pupillary  reaction,  and  hippus. 

The  Robertson  Symptom  is  this:  the  pupils  contract  on  convergence  or  accom- 
modation, but  either  do  not  react  to  light  or  do  so  feebly  (reflex  iridoplegia) . This 
sign  is  brought  out  by  first  finding  (by  covering  and  uncovering  the  eyes)  that  the 
light-reflex  is  absent  or  feeble;  next,  the  patient  is  told  to  look  at  an  object  placed 
at  ten  inches’  distance  from  the  eyes.  The  pupil  will  be  found  to  contract.  It  occurs 
frequently  in  tabes  and  general  paralysis  (two  diseases  due  largely,  if  not  entirely, 
to  syphilis),  and  has  been  observed  in  senile  dementia,  multiple  sclerosis,  ce"ebro- 
spinal  syphilis,  epilepsy,  lead  poisoning,  progressive  muscular  atrophy , a.  >rtic 
aneurism,  hemiplegia,  nuclear  ophthalmoplegia,  and  chorioiditis. 

The  Iris-inaction  of  W ernicke  occurs  in  some  cases  of  hemian  Vs  a>  and  is 
valuable  in  localizing  the  lesion  causing  half-sight.  A beam  of  lig>t  is  thrown 
on  the  blind  half  of  the  retina.  If  the  pupil  does  not  contract,  t^e  Tesion  is  in  front 
of  the  corpora  quadrigemina : i.e.,  in  the  optic  nerve,  chiasma  o-  optic  tract.  If  the 
pupil  contracts,  the  lesion  is  posterior  to  the  corpora  quadrigemina:  i.e.,  in  the 
optic  radiations  or  cuneus. 

Wernicke’s  symptom,  to  be  of  value,  must  be  cai^fuBy  sought  for.  In  a dark- 
room a plane  mirror  is  used  to  illuminate  the  eye  ft  bly.  With  a concave  retinoscopy 
mirror  light  is  to  be  thrown  obliquely  into  the  pupil,  first  on  the  blind  side,  then  on 
the  other,  and  the  result  is  recorded. 

Paradox ic  Pupillary  Reaction. — Rarely  in  grave  lesions  of  the  nervous  system, 
the  pupils  react  paradoxically.  Widenir.g  oi  the  pupil  on  exposure  to  light  and 
narrowing  under  reduced  illumination  have  been  observed  in  meningitis,  tabes, 
progressive  paralysis,  multiple  sclerosis,  cerebral  syphilis,  and  disease  of  the 
sympathetic  nervous  system.  Th^  pupils  in  rare  instances  will  dilate  on  convergence 
and  accommodation,  and  will  contract  in  distant  vision. 

Hippus  is  defined  by  Bteh  ps  “rhythmic  contractions  and  dilations  of  the  pupils 
occupying  on  an  average  from  1 to  3 seconds,  which  are  generally  unassociated  with 
variations  in  illumination.”  Rarely  is  the  phenomenon  unilateral.  The  pupillary 
excursions  are  about  equal  in  the  two  eyes,  and  measure  from  2 to  3 millimetres. 
Bach  states  that  hippus  has  no  diagnostic  value,  and  its  cause  is  not  known. 

Knies  says  “it  is  observed  in  recovering  paralysis  of  the  motor  oculi  and  is 
then  associated  \\;th  nystagmus.  It  is  much  rarer  as  an  independent  condition,  and  is 
then  found  ai.nost  always  in  diseases — such  as  tabes,  multiple  sclerosis,  etc. — in 
which  t'^x  i?  are  frequent  lesions  in  the  region  of  the  nuclei  of  the  ocular  muscles.” 
Hippus  ha?  been  noted  in  neurasthenia,  hysteria,  epilepsy,  and  brain  tumor. 
Normal  oscillation  of  the  pupil  is  often  mistaken  for  hippus. 

State  of  the  Pupil  in  Blindness.— If  both  eyes  are  blind  from  a lesion  affecting 
t ie  retina  or  any  part  of  the  visual  tract  between  the  corpora  quadrigemina  and 
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the  eyeballs,  mydriasis  will  be  present.  If  the  lesion  is  situated  between  the  cerebral 
cortex  and  the  corpora  quadrigemina,  moderate  mydriasis  (as  a general  rule)  will 
be  present.  In  the  former  condition  the  light  reflex  arc  is  always  broken ; in  the 
latter  condition  it  is  not  interrupted.  In  unilateral  blindness  which  is  due  to  disease 
of  the  optic  nerve  or  retina,  the  pupil  of  the  same  side  will  be  dilated  provided  the 
other  (normal)  eye  is  covered.  Light  striking  the  blind  eye  does  not  cause  the 
pupil  to  contract,  nor  does  it  cause  a response  in  the  pupil  of  the  seeing  eye.  If 
light  strikes  the  seeing  eye,  its  pupil,  as  well  as  that  of  the  blind  eye,  will  contract. 
In  disease  affecting  the  anterior  or  posterior  part  of  the  optic  chiasm,  or  in  disease 
of  either  optic  tract,  half-vision  (hemianopsia)  will  be  present;  and  the  pupillary 
reaction  will  be  absent  when  light  strikes  only  the  blind  half  of  the  retina.  If  the 
lesion  involves  the  cerebral  cortex,  or  is  situated  between  the  cortex  and  the  corpora 
quadrigemina,  the  pupil  is  unaffected. 

Iridoplegia. — This  condition  may  be  reflex  or  absolute.  In  the  for- 
mer the  patient  presents  the  Eobertson  symptom;  in  the  latter  the  pupil 
does  not  react  to  light,  or  to  convergence  and  accommodation.  In  unilateral 
reflex  iridoplegia  (often  found  in  tabes  and  syphilis)  one  pupil  does  not 
react  to  light,  either  directly  or  consensually,  but  does  respond  to  con- 
vergence. It  may  be  associated  with  paralysis  of  the  accommodation. 

The  Pupillary  Area  is  to  be  examined  by  oblique  illumination.  Search 
is  to  be  made  for  adhesions  of  the  iris  to  the  capsule  of  the  lens^  for  exuda- 
tions, and  for  pigment-spots. 

The  crystalline  lens  is  examined  (1)  by  oblique  illumination;  (2) 
by  the  ophthalmoscope  or  preferably  by  the  concave  retinoscopy  mirror; 
(3)  by  illumination  through  the  sclera.  The  mirror  of  the  ophthalmo- 
scope is  generally  oblong,  while  the  retinoscopy  mirror  is  round  and  h rge 
(diameter,  1 to  2 inches)  and  gives  a better  illumination. 

Search  is  to  be  made  for  opacities  or  foreign  bodies.  Opacities  \dtwed 
by  oblique  illumination  appear  grayish  or  whitish  on  a black  bacl%iOund; 
if  seen  with  a mirror,  they  are  black  on  the  red  fundus.  Onl^  chose  opaci- 
ties can  be  observed  which  correspond  to  the  pupillary  are  a.  To  examine 
the  periphery  of  the  lens  the  use  of  a mydriatic  will  be  necessary.  In  the 
selection  and  use  of  a mydriatic  the  examiner  should  g aided  by  the  rules 
given  elsewhere  in  this  chapter. 

Foreign  bodies  often  lodge  in  the  lens,  wvere  they  can  sometimes  be 
seen.  Generally  they  are  obscured  by  ranid  swelling  of  the  lens-substance, 
and  their  presence  can  be  demonstrated  by  tne  use  of  x-ray  photography 
after  the  method  of  Sweet  or  of  Davidson  Occasionally  oblique  illumina- 
tion will  show  a rent  in  the  capsule  of  the  lens  caused  by  the  foreign 
body.  Small  bodies  may  lodge  in  *he  lens  and  remain  for  years  without 
giving  rise  to  trouble. 

After  looking  at  the  lens  by  the  oblique  method  The  observer  is  to  use 
direct  ophthalmoscopv,  pinci  lg  a convex  glass  of  10  D.  strength  behind  the 
mirror  of  the  ophthalmoscope.  This  enlarges  the  parts.  If  the  lens  is  dis- 
located, colobomatous,  or  if  an  iridectomy  has  been  made,  the  observer  can 
see  the  margin  j ‘ the  lens.  Sometimes  the  suspensory  ligament  and  tips  of 
the  ciliary  processes  are  visible. 


100 


MODERX  OPHTHALMOLOGY. 


The  Crystalline  Lens. — There  are  two  methods  of  examining  the  lens: 
(1)  oblique  illumination,  and  (2)  the  use  of  the  ophthalmoscopic  mirror. 
Opacities  in  the  lens  appear  grayish  when  seen  by  the  oblique  method;  if 
observed  by  transmitted  light  they  look  black  on  a red  background.  To 
examine  the  peripheral  parts  of  the  lens  the  use  of  a weak  mydriatic,  such 
as  mydrin,  euphthalmin,  or  homatropin,  will  be  necessary.  Foreign  bodies 
can  often  be  detected  by  the  use  of  focal  illumination,  but  may  be  hidden  by 
the  opacity  following  their  entrance.  Ruptures  can  often  be  seen  by  focal 
illumination.  In  using  the  ophthalmoscopic  mirror  at  close  range  for  the 
minute  study  of  the  lens  it  will  be  necessary  to  place  a convex  glass  of  10 
to  20  D.  strength  behind  the  mirror.  If  part  of  the  iris  is  congenitally 
absent  or  if  a peripheral* iridectomy  has  been  made,  it  is  possible  to  see  the 
ciliary  processes,  the  suspensory  ligament,  and  the  edge  of  the  lens. 

The  Vitreous  Humor. — The  lens  being  clear,  the  anterior  part  of  the 
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Fig.  84. — Opacities  in  the  lens 

A,  Opacities  seen  by  reflected  light.  B,  The  samt  by  \ rai.smitted  light. 

vitreous  can  be  examined  by  the  oblique  method.  Practically  the  ophthal- 
moscope is  necessary  in  the  examination  of  this  humor. 

With  a dilated  pupil  gross  changes  can  be  seen  by  using  a concave 
retinoscopy  mirror  of  twenty-five  cent : metres’  focus.  If  the  vitreous  is 
opaque  in  spots,  it  will  be  necessary  to  determine  whether  the  opacities 
are  floating  or  fixed.  The  patient  is  told  to  move  the  eye  quickly  up,  then 
down,  and  lie  is  then  to  stop  sue  denly  at  the  middle  line.  This  will  cause 
floating  bodies  to  move.  This  maneuver  shows  large  opacities  plainly,  but 
small,  dust-like  spots  can  best  be  seen  by  the  direct  method  of  ophthal- 
moscopy. Fixed  opacities  must  be  studied  by  the  same  method.  The 
localization  of  fondsrr  bodies  in  the  eye  by  the  use  of  the  x-rays  has  come 
to  be  of  great  value. 

The  CiliTiy  Body. — The  condition  of  this  part  of  the  eve  is  discovered 
by  inspection  and  palpation.  Tumors  growing  here  often  produce  bulging 
of  the  Corneoscleral  region.  If  inflammation  of  the  ciliary  body  is  present, 
pressure  through  the  intervening  lid  will  cause  tenderness  and  pain. 

The  Tension  of  the  Eye  is  determined  in  the  following  manner:  The 
pitient  is  told  to  close  the  eyes  and  look  downward.  The  examiner,  sitting 
in  front  of  the  patient,  places  his  index  fingers  on  the  upper  lid  and  presses 
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on  the  eye  at  the  anterior  scleral  region.  The  pressure  is  applied  by  one 
index  finger  while  the  other  rests  steadily  on  the  lid.  If  the  eye  can  be 
dimpled  by  moderate  pressure,  the  tension  is  said  to  be  normal  (Tn). 
Abnormally,  tension  may  be  either  increased  (plus  tension)  or  decreased 
(minus  tension).  In  recording  the  findings  the  following  divisions  and 
abbreviations  are  used  : — 

Tn  = normal  tension ; T -f~  ? = probable  increase ; T 1 = tension 
perceptibly  increased ; T + 2 = tension  markedly  increased ; and  T + 3 
= eye  of  stony  hardness. 

The  degrees  of  minus  tension  are  correspondingly  recorded  in  this 
way : — 

T — ?,  T — 1,  T — 2,  and  T — 3. 

The  educated  touch  ( tact  us  eruditus)  is  commonly  employed  in  esti- 
mating intra-ocular  tension.  The  student  should  avail  himself  of  all  op- 
portunities for  proficiency  in  this  line. 


Fig.  85. — Method  of  taking  the  tension  of  the  eye. 


Tonometers — instruments  constructed  on  the  principle  J the  manome- 
ter— have  been  devised  by  Priestley  Smith  and  Schiotz.  W)  are  used  in 
physiologic  laboratories  for  recording  ocular  tension.  TV  Schiotz  tonometer 
is  now  used  by  many  clinicians. 

Physiologists  have  found  that  normal  int7  a-ocular  tension  equals  from 
2 G to  28  millimetres  of  mercury. 

Tension,  as  a rule,  is  increased  in  glaucoma,  in  intra-ocular  tumors, 
and  occasionally  in  iritis.  It  is  decreased,  as  a rule,  in  detachment  of  the 
retina,  in  perforations  of  the  globe,  in  liquefaction  of  the  vitreous  humor, 
and  in  pseudo-neuroepithelioma. 

The  Orbit. — The  position  of  ihe  eyeball  should  claim  attention.  If 
too  prominent,  it  may  be  1 ixated  or  simply  too  protuberant.  Luxation 
is  present  when  the  exophthalmos  is  so  great  that  the  globe  has  left  the 
orbit  entirely  and  lies  in  ^ront  of  the  septum  orbitale.  It  is  caused  by 
trauma.  A less  degree  of  protrusion  is  called  exophthalmos , and  is  found 
in  orbital  tumors  and  in  suppuration  in  sinuses  adjacent  to  the  orbit.  It 
is  present  in  Graves's  disease,  in  paralysis  of  several  orbital  muscles,  in 
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inflammation  of  Tenon’s  capsule,  and  in  general  inflammation  of  the 
orbital  tissues.  It  may  be  caused  by  the  presence  of  foreign  bodies  in  the 
orbit.  Exophthalmos  can  be  measured  by  comparing  the  diseased  with  the 
healthy  side.  An  elaborate  instrument  (the  statometer)  has  been  devised 
by  Snellen  for  measuring  the  depth  of  the  globe  in  the  orbit. 

In  exophthalmos  due  to  the  growth  of  a tumor  in  the  orbit  the  finger 
may  be  used  as  a probe  and  often  the  neoplasm  can  be  felt.  In  case  an 
aneurism  is  present  the  finger  may  feel  the  pulsation  and  the  phonendoscope 
will  elicit  the  bruit,  not  only  at  the  base  of  the  orbit,  but  also  over  a con- 
siderable area  of  the  skull.  The  accessory  sinuses,  frontal  and  ethmoidal, 
the  nasal  cavity,  antrum  of  Highmore,  roof  of  the  mouth,  and  upper 
pharynx  should  be  examined  in  any  case  of  exophthalmos.  In  doubtful 
cases  of  tumor  of  the  orbit,  or  of  the  adjacent  parts,  electric  transillumina- 
tion should  be  employed. 

The  presence  of  foreign  bodies  buried  in  the  orbit  can  be  determined 
frequently  by  the  use  of  the  x-rays. 

Enoplithalmos r,  a sinking  of  the  eye,  results  generally  from  trauma, 
but  may  be  an  idiopathic  affection  proceeding  from  lesion  of  the  cer\ical 
portion  of  the  sympathetic  nerve.  Atrophy  of  the  orbital-  cellular  tissue 
with  loss  of  fat,  loss  of  water  due  to  cholera  (von  Graefe),  and  abecess  of 
the  orbit  are  causes.  The  extent  of  enophthalmos  may  be  judged  by  com- 
paring the  diseased  with  the  sound  side. 

Balance  of  the  Ocular  Muscles. — The  various*  extra-ocular  muscles  are 
delicately  balanced  under  normal  conditions.  The  tendency  of  the  recti 
to  draw  the  eyeball  backward  is  opposed  by  the  xCton  of  the  obliqui.  At 
rest,  the  anatomic  position  of  the  eyes  is  naturally  divergent,  owing  to  the 
direction  of  the  orbits  and  the  optic  nerve  and  the  natural  length  of  the 
muscles.  The  deviation  of  sleep,  however,  is  immediately  succeeded  on 
waking  by  the  functional  position  of  rest,  in  which  the  visual  axes  become 
parallel.  To  maintain  this  position  i*  easy  and  natural  for  the  individual 
when  the  muscles  are  properly  balanced  If  one  muscle  or  set  of  muscles 
is  weak,  an  increased  innervation  is  required  to  maintain  the  normal  bal- 
ance. There  are  many  te^ts  of  the  muscle-balance,  but  only  those  most 
generally  used  will  be  described.  First,  however,  it  is  necessary  to  mention 
definitely  the  terms  which  have  been  applied  to  the  anomalies  of  the  muscle- 
balance.  These  names  were  proposed  by  Stevens : — 

Orthophoria,  normal  ad  justment  of  the  ocular  muscles. 

Iteterophoria,  abnormal  adjustment  of  the  ocular  muscles. 

Hyperphoria  . tendency  of  one  eye  to  rise  above  its  fellow. 

Hypophoria,  a tendency  of  one  eye  to  fall  below  its  fellow. 

Exophoria,  a tendency  of  the  visual  axes  outward. 

Esophoria,  a tendency  of  the  visual  axes  inward. 

Hyperexophoria,  a tendency  of  the  visual  axis  of  one  eye  to  deviate  upward  and 

outward. 

JT\ poexophor ia,  a tendency  of  the  visual  axis  of  one  eye  to  deviate  downward  and 

outward. 
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Hyperesophoria,  a tendency  of  the  visual  axis  of  one  eye  to  deviate  upward  and 

inward.  , 

Hvpoesophoria,  a tendency  of  the  visual  axis  of  one  eye  to  deviate  downward  and 

inward. 

Cycloplioria  (Savage)  is  a want  of  equilibrium  of  the  oblique  muscles. 

The  tests  for  muscle-balance  are  to  be  carried  on  at  20  feet  and  13 
inches,  respectively.  The  test  objects  are  a lighted  candle  for  distance, 
and  a white  dot  on  a black  field  for  near.  The  surgeon  should  employ  (1) 
the  cover  test,  (2)  the  fixation  test,  (3)  the  Maddox  rod,  (4)  the  von  Graefe 
test,  and  (5)  the  Maddox  double  prism.  The  cobalt-blue  glass  test  is  used  by 
some  surgeons.  These  tests  are  to  be  used  while  the  patient  possesses  his 
full  accommodative  power:  i.e.,  before  a mydriatic  or  cycloplegic  is  em- 
ployed. 


A 


(Courtesy  of  D.  V.  Brown.) 

A,  The  single  rod.  B,  Multiple  rod. 


The  Cover  Test  is  applied  by  having  the  patient  look  at  a distant 
object  placed  in  the  median  line  on  a level  with  the  eyes.  An  obturator 
is  placed  alternately  over  the  eyes,  and  the  surgeon  observe  ihe  position 
and  movement  of  the  eye  at  the  instant  of  uncovering.  A movement  inward 
indicates  that  the  eye  has  deviated  outward  (exophoriaf . A movement 
downward  means  hyperphoria.  The  test  is  repeated  at  13  inches.  , 

The  Fixation  Test.— The  patient  is  told  to  observe  the  surgeons 
finger  placed  at  13  inches  from  and  on  a level  v ith  the  eyes.  The  finger 
is  then  advanced  slowly  toward  the  patent’s  nose  to  within  3 % inches 
(8  centimetres).  If  one  eye  turns  outward,  there  is  exophoria.  The  test 
is  a rough  oneK  and  its  chief  value  in  determining  which  of  the  interni 

is  the  weaker.  . 

The  Maddox  Bod  is  practically  a cylinder.  It  causes  a luminous 

point  to  appear  elongated,  as  a line  or  streak.  When  placed  vertically  before 
the  ri°ht  eye,  the  other  bch  g covered,  the  image  of  the  light  seen  by  the 
right  eye  becomes  a streak.  T he  Maddox  rod  test  is  used  in  the  examination 
for  both  vertical  and  horizontal  deviations.  It  is  used  at  20  feet,  in  a 
dark-room,  and  mi-ms  a reliable,  rapid,  and  inexpensive  test.  The  instru- 
ment is  or  the  market  in  two  forms:  (1)  the  single  rod,  and  (2)  the 
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compound  rod.  The  latter  consists  of  a series  of  rods  joined  laterally. 
The  former  must  be  carefully  centred  to  be  in  line  with  the  visual  axis; 
with  the  compound  rod  little  care  is  necessary  in  the  adjustment.  In 
normal  conditions  the  streak  made  by  the  rod  passes  directly  through  the 
luminous  point;  if  it  deviates  to  the  right  or  left,  or  is  placed  above  or 
below  the  light,  heterophoria  exists ; and  the  prism  which  corrects  the  faulty 


-X- 


L 


Balance  for 
vertical 
muscles. 


for  Balance  for  Right  Left  Exophoria. 

1 horizontal  hyperphoria,  hyperphoria. 

j.  muscles. 


Left  Exophoria. 

hyperphoria. 


Esophoria. 


Fig.  87.— Relative  positions  of  the  line  of  light  and  the  candle-flame  in 
the  Maddox  rod  test. 

The  rod  is  before  the  right  eye. 


position  of  the  streak  is  the  measure  of  the  heterophoria.  This  lesi  she  ws 
esophoria  to  be  a more  common  condition  than  exophoria.. 

Testing  for  horizontal  deviations  is  carried  out  as  follow* : Tne  patient 
is  placed  20  feet  from  and  on  a level  with  an  electric  light  nr  gas-jet  covered 
with  a ground-glass  globe.  The  room  is  darkened.  Let  it  be  supposed  that 


Fig.  88. — Tangent  scale.  (Maddox.) 


88,  The  si-euk  of  light  which  (if  the  patient  be  5 metres  distant)  shows  3% 
degrees  v*1  * vp^rphoria  in  the  naked  eye.  The  naked  eye  sees  the  scale;  the  rod- 
covered  eye  sees  the  streak  of  light. 


the  jVi’dtHox  rod  is  carefully  adjusted  over  the  right  eye,  the  rod  being  placed 
horizontally  in  a trial-frame,  and  the  left  eye  being  free.  The  patient  looks 
al  flame  and  informs  the  surgeon  of  the  location  of  the  vertical  streak 
light.  If  it  passes  directly  through  the  light,  orthophoria  exists ; if  the 
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streak  is  to  the  right  there  is  latent  convergence  (esoplioria)  ; if  it  is  to 
the  left  there  is  latent  divergence  (exophoria). 

In  testing  for  vertical  deviations  the  rod  is  placed  vertically  before  one 
eye.  In  orthophoria  the  streak  will  run  horizontally  through  the  centre  of 
the  light.  In  case  the  streak  passes  below  the  light  (the  rod  being  in  front 
of  the  right  eye)  there  is  right  hyperphoria ; if  above,  left  hyperphoria  is 
present. 

The  Tangent  Scale. — The  measurement  of  horizontal  and  vertical 
deviations  is  facilitated  by  the  nse  of  a tangent  scale  which  is  fastened  to 
the  wall.  The  tangent  scale  of  Maddox  (Fig.  88)  is  used  at  a distance  of 
5 metres.  It  is  in  the  form  of  a cross;  at  the  centre  isi  a small  light  on 
which  the  patient  fixes.  A Maddox  rod  is  placed  before  one  eye,  which 
sees  a streak  of  light.  The  uncovered  eye  sees  the  scale,  and  thus  the  patient 
can  read  off  the  amount  of  the  deviation  of  the  uncovered  eye.  Maddox  has 
1 2 3 


Fig.  89. — The  von  Graefe  test,  used  at  the  reading  distai.  ,e. 

1,  Orthophoria.  2,  Exophoria.  3,  Esophoria.  The  prism  is  placed  »ast  up  before 
the  right  eye.  The  lower  image  belongs  to  the  rigK  “ 

devised  a similar  scale  for  use  at  25  centimetres,  in  connection  with  the 
square  prism  test. 

The  von  Graefe  Test  is  made  by  producing  vertical  diplopia  by 
placing  a 7°  or  8°  prism  vertically  in  front  of  one  eye  and  then  looking 
with  both  eyes  at  a dot  and  line  on  a piece  uf  paper  held  at  the  reading  dis- 
tance or  at  an  electric  light  at  20  feet.  When  using  this  test  at  20  feet  the 
patient  in  orthophoria  will  see  twe  lighi?,  one  directly  beneath  the  other.  If 
heteroplioria  exists  there  will  be  a lateral  displacement  of  the  images.  The 
prism,  base  in  or  out,  which  cacsts  the  images  to  occupy  the  normal  posi- 
tion (one  directly  beneath  the  other)  is  the  measure  of  the  esophoria  or 
exophoria. 

If  used  for  tesfr  ng  muscular  equilibrium  for  near^  the  patient  should 
look  at  a line  in  the  ^ntre  of  which  is  a dot.  In  orthophoria  the  line  will 
appear  elongated  and.  two  dots  will  be  seen.  In  heterophoria  two  lines  and 
dots  are  see^,  +h » lower  set  being  to  the  right  or  the  left  (Fig.  89). 
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The  Maddox  Double  Prism  is  used  in  one  of  the  simplest  tests  of 
the  ocular  muscles,  and  is  not  only  of  value  in  testing  the  recti,  but,  accord- 
ing to  Savage,  is  of  use  in  determining  insufficiency  of  the  oblique  mus- 
cles. The  instrument  consists  of  two  weak  prisms  (3°  or  6°)  placed  base 
to  base  in  a metal  rim  which  is  of  standard  size  to  fit  into  a trial-frame. 
The  double  prism  is  to  be  placed  horizontally  before  one  eye  in  such  position 
that  the  line  of  junction  of  the  two  prisms  will  be  on  a level  with  the  centre 
of  the  pupil.  On  looking  through  the  instrument  (placed  before  the  right 


Fig.  90. — The  Maddox  double  prism  as  a near  test. 


eye,  for  example)  three  images  will  be  seen  : one  higher  and  one  lower  than 
the  real  image,  which  is  seen  by  the  left  eye.  To  distinguish  the  real  m:  \ge 
it  is  well  to  place  a red  glass  in  front  of  the  left  eye.  On  looking  at  a 
distant  object,  such  as  a flame,  the  instrument  being  placed  V njontally, 
vertical  diplopia  is  produced.  If  the  muscle-balance  is  normal  the  three 
images  will  be  on  a line;  if  esophoria  is  present  the  ret  light  will  go 
to  the  left ; if  exophoria  exists  it  will  pass  to  the  right.  If  hyper- 


2 4 


Fig.  91. — Diagram  tj  slio>.  the  use  of  the  Maddox  double  prism  in 
tc<*tKg  the  oblique  muscles. 

1,  Insufficiency  of  left  ^ur^rior  oblique.  2,  Insufficiency  of  left  inferior  oblique.  3, 
Insufficiency  of  right  oupirior  oblique.  4,  Insufficiency  of  right  inferior  oblique. 

phoria  of  the  left  eye  is  present  the  red  light  will  move  downward.  In 
left  liypophora  the  red  light  moves  upward.  In  the  same  way  the  right 
eye  can  be  ^eded  by  changing  the  position  of  the  double  prism  and  red 
glass. 

To  measure  the  amount  of  the  muscular  error  the  surgeon  can  place 
pi  ‘sms  of  increasing  strength  before  the  eye  bearing  the  red  glass,  with 
in,  out,  up,  or  down,  as  the  case  may  require,  until  orthophoria  is 
established. 
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Savage  has  proposed  to  test  the  oblique  muscles  by  the  same  means, 
using  a Maddox  double  prism,  each  segment  of  which  is  of  6°  strength. 
Insufficiency  of  the  obliques  is  shown  by  the  lack  of  parallelism  between 
the  middle  line  and  the  others.  With  the  instrument  in  front  of  the 
right  eye,  the  other  being  uncovered,  if  the  right  ends  of  the  middle  and 
lower  lines  converge  (1,  Fig.  91)  there  is  insufficiency  of  the  superior 
oblique;  if  the  right  ends  of  the  superior  and  middle  lines  converge  (2, 
Fig.  91),  the  inferior  oblique  is  assumed  to  be  too  weak.  It  is  necessary 
to  state,  however,  that  many  eminent  ophthalmologists  do  not  accept 
Savage’s  views,  but  regard  the  phenomena  as  physiologic. 

The  Phorometer  and  Rotary  Prism. — These  are  valuable  and 
necessary  instruments  for  the  rapid  measurement  of  muscular  insufficiency. 


Fig.  92. — Stevens’s  improved  rotating  prism  slide. 


Stevens’s  phorometer  (phorometer,  “a  measurer  of  tendencies”)  consists  of 
two  rotating  discs,  each  carrying  a prism  of  5°.  Each  disc  possesses  a 
border  of  cogs,  and  a gear-wheel  placed  between  the  twr  discs  causes  them 
to  move  in  unison.  A scale,  increasing  from  the  centre  ^och  way  from  0° 
to  8°,  gives  the  strength  of  the  refracting  angle  of  the  prism  used  (Fig.  92). 
The  essential  part  of  the  instrument  is  mounted  on  a leveling  arm  supported 
by  a shaft  and  tripod.  A locking  device  permits  the  arm  to  be  lowered  when 
the  instrument  is  not  in  use.  The  leveling  is  .ecured  by  a micrometer-screw 
{F,  in  Fig.  93).  In  using  the  instrument  Tie  slide  is  placed  in  the  groove 
of  the  phorometer,  the  face  of  the  instrument  being  away  from  the  patient. 
The  side  marked  RH.,  LII.,  will  then  be  before  the  patient’s  right  eye, 
while  the  other  side,  marked  EH.,  FX.,  will  be  before  the  left  eye.  After 
leveling  the  instrument,  in  testing  for  hyperphoria  the  pointer  is  placed 
at  0°,  and  the  patient  looks  straight  through  the  prisms  at  a flame  placed 
at  a distance  of  20  feet.  He  sees  two  images  of  the  flame.  If  these  images 
are  on  a level,  the  n vus  ole-balance  is  normal.  If  one  image  is  higher  than 
the  other,  the  prisms  are  rotated  until  the  images  are  made  level.  The 
pointer  then  inc  ioates  the  form  and  amount  of  the  manifest  hyperphoria. 
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If  the  rotation  is  made  slowly  a greater  amount  of  error  will  be  recorded 
than  if  the  prisms  are  moved  rapidly.  In  examining  for  esophoria  and 
exophoria  the  pointer  is  to  occupy  the  vertical  position.  Normally  the  two 
images  will  be  on  the  same  vertical  line.  If  one  is  displaced  to  the  right 
or  left  the  adjustment  is  made  as  before  until  the  images  occupy  the  same 
vertical  line,  and  the  amount  of  insufficiency  is  read  off  by  the  scale  on  the 


side  marked  ES.y  EX.  Other  phorometers  have  been  devised  by  Wilson, 
Lewis,  and  Verhoeff.  Savage  has  designed  a monocular  phorcmeter,  based 
on  the  principle  that  the  image  in  one  eye  should  be  undisturbed  during  the 
testing  of  the  various  ocular  muscles. 

The  Rotary  Prism. — For  rapid  work  in  the  measurement  of  muscular 
imbalance  the  rotary  prism  of  Cretes  or  the  revolving  prism  of  Ilisley  is 


Fig.  94. — Risley’s  rotary  prism. 


useful.  Ihese  irstiuments  consist  of  two  superimposed  prisms  of  the  same 
strength,  prcv±dtd  with  a mechanism  which  turns  them  in  opposite  direc- 
tions. When  th.e  apices  coincide,  the  strength  is  double  that  of  each  single 
prism.  'When  the  apices  are  opposite,  the  prisms  neutralize  each  other. 
Between  those  points  any  degree  of  deviation  can  be  obtained,  and  thus  the 
inurnment  replaces  a whole  battery  of  prisms.  When  in  use  it  is  placed  in 
a i^al-frame  and  the  patient  looks  at  a flame  twenty  feet  distant,  the  other 
C}e  being  uncovered.  A scale  registers  the  amount  of  error. 
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Combined  Instruments. — In  recent  years  manufacturers  of  optical 
apparatus  have  ingeniously  combined  the  phorometer,  the  rotary  prism,  the 
Maddox  rod,  the  trial-frame,  etc.,  in  one  piece  of  mechanism  (Fig.  95). 

Power  of  the  Ocular  Muscles. — Having  described  the  reliable  tests 
for  muscular  imbalance,  it  is  necessary  to  speak  of  adduction,  abduction, 


and  sursumduction.  Adduction  (prism-convergence)  is  measured  by  find- 
ing the  strongest  prism  before  one  eye,  the  base  of  the  prism  being  toward 
the  temple,  with  which  the  patient  can  see  a flame  single  at  20  feet.  The 
examination  is  begun  with  the  use  of  a 15°  or  20°  prism,  the  strength 
being  increased  until  double  vision  occurs.  The  other  eye,  of  jo  nrse,  is 


Fig.  96.— rhum.  holder.  (Noyes.) 


uncovered.  Normally  adduction  varies  from  30°  to  50°  or  60°.  Abduc- 
tion (prism-divergence)  it.  similarly  tested,  the  base  of  the  prism  being 
toward  the  nose.  I,  amounts  to  6°  or  8°  of  prism.  Stevens  states  that 
the  ratio  between  adduction  and  abduction  should  be  6 to  1,  but  Pisley 
belieyes  that  in  emmetropic  or  carefully  corrected  eyes  it  is  often  as  3 to  1. 
Sursumducticn  (^ursumvergence)  is  the  power  of  uniting  the  image  of  a 


Fig.  95. — Combined  phoro-optometer. 
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flame  seen  through  a prism  which  is  placed  vertically  before  one  eye  while 
the  other  is  uncovered.  The  examination  is  begun  with  a weak  prism,  i/->° 
to  1°.  It  usually  amounts  to  3°,  but  may  reach  10°.  The  amount  of  right 
sursumduclion  is  equal  to  the  strongest  prism,  placed  base  down  before  the 
right  eye  or  base  up  before  the  left,  through  which  the  patient  can  see  the 
test-object  single.  The  amount  of  left  sursumduclion  is  ascertained  simi- 
larly by  placing  the  prism  base  down  before  the  left  eye  or  base  up  before 
the  right.  Eight  and  left  sursumduction  should  be  equal. 

It  is  necessary  to  state  that,  if  the  patient  has  an  error  of  refraction, 
this  must  be  carefully  corrected  before  the  final  deductions  are  made  from 


Fig.  97. — Harman’s  diaphragm  ^cst.  (Meyrowitz.) 


the  examination  of  the  muscles.  Tt  is  valuable  practice,  however,  to  ex- 
amine and  record  the  musculai  condition  before  as  well  as  after  the 
examination  of  the  refraction 

Measurement  of  Muscle-power  for  Near  Points. — In  measuring 
the  power  of  the  ocular  muscles  for  near,  square  prisms  are  used  and  the 
patient  is  directed  to  loo1^  at  a point  or  cross  placed  at  a distance  of  13  or 
14  inches.  Noyes’s  or) un-holder  (Fig.  96),  which  is  graduated  into  inches 
or  centimetres  and  metric  angles,  possesses  a slider  carrying  test-cards,  and 
is  a useful  instrument.  In  the  prism-holder  before  each  eye  are  three 
spaces  into  which  square  prisms  can  be  fitted.  Recently  Ilulen  has  devised 
an  improved  prism-holder  which  permits  adjustment  of  the  interpupillary 
distance  end  can  be  attached  to  the  phorometer.  In  all  cases  in  which  the 
examination  of  the  muscle-power  in  accommodation  is  made,  the  proper 
iejding  glasses  must  be  used.  These  are  called  “tests  in  accommodation,” 
and  they  are  made  on  the  same  principle  as  the  tests  for  distance.  In  place 
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of  the  flame  or  electric  light  at  20  feet  the  line-and-dot  test  of  von  Graefe 
is  used  at  14  inches. 

Measurement  of  the  Desire  for  Binocular  Vision. — Harman  has 
devised  an  ingenious  diaphragm  test  (Fig.  97)  which  shows  the  variability 
in  the  desire  for  binocular  vision.  Looking  through  the  diaphragm,  D, 
at  the  test  card,  T,  a part  of  the  test  card  is  seen  by  both  eyes. 
In  Fig.  98  this  area  is  included  between  the  dotted  lines  and  has 
been  named  the  “ocular-poise.”  The  average  ocular-poise  varies  from  2 to 
4 millimetres ; but  some  persons  require  an  ocular-poise  of  6 or  7 millimetres, 
yet  give  no  hint  of  latent  squint.  Patients  with  latent  squint  require  a 
much  wider  space.  The  instrument  is  of  value  in  determining:  (1)  the 
equality  of  visual  acuity  in  the  two  eyes;  (2)  the  presence*  the  absence,  or 
a defect  in  binocular  vision;  (3)  to  exercise  the  vision  of  squinting  eyes; 
(4)  to  detect  feigned  monocular  blindness,  and  (5)  to  demonstrate  certain 
physiologic  phenomena  connected  with  the  perception  and  suppression  of 
images. 


A large  selection  of  Screens 
in  Chippendale.  Sheraton, 

Louis  XV.  and  XVI.  and  other 
styles,  also:  Lattice  Screens, 

Japanese  Screens,  Cheval  and 
Wing  Screens  = An  example 
of  value,  |th4  Four -Fold 

Fig.  98. — Test  card  showing  the  ocular-poise.  (Harman.) 

► 

Measurement  of  the  Rotations  of  the  Eyeball. — The  Tmpometer 
(Fig.  99)  is  an  instrument  for  the  measurement  of  the  rotations  of  the 
eyes.  Its  inventor,  Dr.  G.  T.  Stevens,  holds  that  this  determination  is 
important,  since  he  believes  that  strabismus  (convergent  oi  divergent)  is 
often  due  to  excessive  tension  upon  the  vertically  actirg  ocjlar  muscles 
independently  of  abnormal  tension  upon  the  intern? l and  external  recti. 
He  considers  that  many  conditions  of  heteroubo  ia  can  be  similarly  ex- 
plained. 

The  tropometer  “consists  essentially  of  a telescope  in  which  the  inverted 
image  of  the  examined  eye  is  found  at  ■‘‘he  -jyepiece,  where,  either  as  an 
aerial  image  or  as  an  image  upon  the  ground  glass,  its  movements  can  be 
accurately  observed.  A graduated  sc  He  in  the  eyepiece  permits  every  move- 
ment of  rotation,  in  any  direction  io  be  exactly  measured.” 

The  scale  (Fig.  100)  is  thus  described:  “The  long  line  between  and 
at  right  angles  to  the  shorten  lines  divides  two  similarly  graduated  scales 
running  in  different  directions  ’ the  larger  circle  represents  the  outer  border 
of  the  cornea,  the  edges  oi  which  are  in  contact  with  the  two  strong  lines; 
the  interval  between  each  pair  of  short  lines  of  the  scale  is  ten  degrees  of  an 
arc,  commencing  , c die  strong  line  in  each  case.  If,  now,  the  head  of  the 
person  examined  is  held  firmly  in  the  primary  position  and  the  eye  caused 
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to  rotate  strongly  in  a given  direction,  the  arc  through  which  the  border 
of  the  cornea  passes  may  be  accurately  read  upon  the  scale/’  In  Fig.  100 
the  curved  dotted  line  represents  a new  position  of  the  border  of  the  cornea. 

“Suppose  that  the  person  examined  has  been  directed  to  look  strongly 
upward,  then  the  cornea  has  moved  down  the  scale  and  reaches  the  point 
in  this  example  of  40°,  that  being  the  measure  of  this  rotation.  By  means 
of  the  small  lever  the  scale  can  be  placed  horizontally,  vertically,  or 
obliquely,  and  by  means  of  the  two  graduations  measurements  in  opposite 
directions  can  be  made.” 

Use  of  the  Tropometer. — In  determining  upward  rotation  the  border  of  the 
cornea  is  made  to  coincide  with  the  strong  line  which  appears  in  the  upper  part  of 
the  scale  at  the  right  hand. 


The  adjustment  is  made  If  means  of  the  milled  head  at  the  side  of  the 
standard.  As  the  eye  rotates  up,  the  image  moves  apparently  down.  In  determining 
the  downward  rotation  the  strong  line  at  the  lower  left-hand  side  of  the  scale  is 
taken  as  the  point  of  departure. 

For  lateral  roUiion  the  scale  is  turned  to  the  horizontal  position  and  the 
corresponding  strong  lines  are  used  as  before. 

In  ordt"  oajust  the  upper  border  of  the  cornea  on  the  line,  it  will  generally 
be  necessary  fo.  the  examiner  to  place  the  left  hand  upon  the  forehead  of  the  patient 
and  mako  fc^ntle  traction  of  the  upper  eyelid  by  the  thumb.  This  application  of  the 
hand  the  orehead  is  advisable  in  all  measurements,  as  by  this  means  the  examiner 
is  able  to  detect  even  a slight  movement  of  the  head,  which  would  vitiate  any 
measure  of  the  rotation.  In  adjusting  the  head  to  the  head-rest  the  teeth  should 
be  closed  and  the  line  of  the  upper  lip  just  below  the  nose  should  be  in  a vertical 
une  below  the  glabella,  or  ridge  above  the  root  of  the  nose. 


Fig.  99. — Tropometer.  (Stevens.) 
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According  to  Stevens,  the  most  favorable  rotations  are:  upward,  33°; 
downward,  50°  ; inward,  55°;  outward,  50°. 

The  Clinoscope. — An  instrument  called  the  clinoscope  has  been  de- 
signed by  Dr.  Stevens  for  the  testing  of  muscular  insufficiencies.  It  con- 
sists of  two  tubes,  each  three  centimetres  in  diameter  and  fifty  centimetres 
in  length,  which  are  moimted  on  a metal  platform.  The  tubes  can  be 
rotated  horizontally  and  the  amount  of  rotation  is  marked  by  a pointer  and 
scale.  The  clinoscope  is  a valuable  laboratory  instrument.  It  is  used  in 
determining  the  declination  of  the  meridians  in  paralysis  of  the  ocular 
muscles,  and  in  anomalous  adjustments  of  the  eyes  as  regards  the  horizontal 
visual  plane.  Stevens  also  uses  it  to  determine  the  power  of  torsion  and  to 
increase  torsional  power  by  exercise. 


Strabismometry. — Squint  can  be  measured  by  pr»>  one  of  the  following 
methods:  (1)  by  the  perimeter;  (2)  the  cover  or  screen,  test;  (3) 

Priestley  Smith’s  tape-measure  test;  (4)  Hirsohbe/g’s  test;  (5)  the  linear 
measurement  test,  and  (6)  the  prism  test.  Other  valuable  tests  have  been 
devised  by  Swanzy  and  Maddox. 

1.  Measurement  by  tiie  Perimeter.-  -th  using  this  method,  which,  unfor- 
tunately, is  not  admissible  in  very  young  diiidren,  the  requisites  are  a perimeter  and 
a lighted  candle.  The  arc  of  the  perimeter  is  placed  transversely  across  the  visual 
axis  of  the  deviating  eye;  both  eyf*  ^re  kept  open  and  the  normal  eye  fixes  the 
middle  line  of  the  instrument.  The  surgeon  now  moves  the  lighted  candle  along  the 
arm  of  the  perimeter  until  the  ini.  ge  of  the  flame  is  opposite  the  centre  of  the  pupil 
of  the  deviating  eye.  The  degree  on  the  perimeter  is  then  read  off,  thus  giving  the 
angle  of  the  strabismu  >.  While  this  will  answer  for  practical  purposes,  to  learn 
the  total  angle  of  the  Cquint  requires  that  the  angle  gamma  be  measured  and 
added  to  the  angle  o.  the  strabismus.  The  angle  gamma  is  the  angle  formed  by  the 
line  of  fixation  with  the  optic  axis.  A perimeter  and  lighted  candle  being  provided, 
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the  patient  is  seated  as  above,  and  fixes  with  the  deviating  eye,  the  other  being 
covered.  Following  is  Lang’s  description  of  the  procedure:  “The  flame  is  moved 
along  the  arc  in  the  same  way  as  when  ascertaining  the  angle  of  the  squint.  If  the 
candle  is  behind  the  fixation-point  when  the  image  of  the  flame  falls  in  the  centre  of 
the  pupil,  then  there  is  no  angle  gamma;  but  if  the  candle  is  to  one  side  of  the  point 
of  fixation,  when  the  image  is  opposite  the  centre  of  the  pupil,  then  there  is  an  angle 
gamma.  The  degree  on  the  arc  against  which  the  candle  now  rests  indicates  the 
amount  of  the  angle;  if  the  candle  is  on  the  temporal  side  of  the  eye,  the  angle  is 
positive,  and  if  it  is  on  the  nasal  side,  the  angle  is  negative.  When  adding  the  amount 
of  the  angle  gamma  to  the  angle  of  the  squint  to  ascertain  the  total  angle  of 
deviation  the  positive  and  negative  signs  of  the  angle  gamma  must  be  treated 
mathematically;  therefore  the  former  increases  and  the  latter  diminishes  the  angle 
of  deviation.” 


Fig.  101. — Measurement  of  strabismi  s Ly  the  perimeter. 


2.  The  Cover,  or  Screen,  Test.— The  patient  looks  at  a small  distant  object; 
the  “good”  eye  is  covered  with  a card,  wl  ile  the  squinting  eye  fixes  the  object;  a 
strabismometer  is  now  placed  on  the  lower  eyelid  with  the  zero  mark  coincident  with 
the  centre  of  the  pupil  of  the  uncovered  oye.  The  “good”  eye  is  now  uncovered  and 
fixes  the  object  while  the  squinting  eve  turns,  the  amount  of  deviation  being  noted. 
This  test  is  applicable  to  all  rges. 

3.  Priestley  Smith’s  I.  pe- measure  Test.—1 The  requisites  are  a dark-room, 
a lamp,  an  ophthalmoscopic  or  retinoscopic  mirror,  and  a double  tape  two  metres 
long.  One-lialf  of  the  Loe  is  black,  the  other  half  colored.  The  colored  half  is 
divided  into  12  parts,  numbered  in  multiples  of  5,  from  5 to  60,  and  attached  to  its 
end  is  a small  weight  Lo  Keep  it  taut  while  in  use.  At  the  end  of  the  black  tape  is  a 
ring  and  anothe'*  placed  at  the  junction  of  the  black  and  colored  portions  of  the 
tape.  The  following  is  the  method  of  measurement  (A.  E.  Davis)  : — 

“The  patunt  holds  the  end  of  the  black  tape  against  his  face  directly 
under  the  ^on-squinting  eye,  while  the  observer  stands  directly  in  front  of  him  with 
the  ring  attached  at  the  other  end  of  the  tape  over  his  thumb  or  ophthalmoscope, 
win  h he  holds  in  front  of  his  eye.  The  patient  looks  directly  into  the  ophthalmo- 
scope. from  which  a light  is  reflected  into  the  squinting  eye.  It  w ill  be  noted  that 
tut  image  of  the  light  from  the  ophthalmoscope  will  be  to  the  outer  side  of  the 
centre  of  the  cornea  in  convergent  squint  and  to  the  inside  of  the  centre  of  the 
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cornea  in  divergent  squint.  The  observer  now- takes  hold  of  the  colored  tape  at  the 
ring,  the  edge  of  the  hand  being  held  toward  the  patient  for  the  patient  to  look  at, 
and  lets  the  tape  slide  between  his  fingers,  N carrying  it  in  a direction  opposite  to 
that  in  which  the  eye  squints.  Both  eyes  should  follow  the  hand,  and,  when  the 
squinting  eye  has  turned  sufficiently  for  the  image  of  the  light  from  the  ophthalmo- 
scope to  occupy  the  centre  of  the  cornea  in  that  eye,  stop  the  hand  and  note  the 
distance  it  has  moved  along  the  tape.  The  number  on  the  tape  indicates  the  degree, 
or  angle,  of  the  squint.  This  method  has  the  great  advantage  that  it  can  be  used 
on  very  young  children.” 

Fig.  102  may  assist  in  the  understanding  of  the  method.  Let  R and  L repre- 
sent, respectively,  the  right  and  left  eye.  The  right  presents  convergent  strabismus. 


E 


Fig.  102. — Measurement  of  convergent  strabismus  of 
right  eye  by  Priestley  Smith’s  method. 

The  surgeon  places  the  tape  ( A-E ) in  position  before  non-deviating  eye,  then  throws 
light  on  to  R,  and  sees  the  reflex  eccentrically  outward,  which  shows  that  this  eye 
deviates  inward.  Then  holding  the  graduated  part  of  the  tape,  he  moves  it  outward 
(at  the  same  time  moving  the  mirroi N uniil  the  reflex  is  in  the  middle  of  the  pupil. 
The  axis  of  the  deviating  eye,  R,  vL1  A ave  moved  from  8 to  E,  through  the  angle 
8-0-E.  The  axis  of  the  non-deviating  ■‘ye,  L,  will  have  moved  through  an  equal  angle, 
E-A-T.  The  angular  movement  of  L,  as  measured  by  the  tape-line,  equals  the 
angular  deviation  of  R. 

4.  Hirschberg’s  Test  — "I  his  test  estimates  the  amount  of  strabismus  from 
the  position  of  a cand  le-i.ame  reflected  from  the  cornea.  The  surgeon  holds  the 
lighted  candle  one  foot  in  front  of  the  patient,  who  has  both  eyes  open.  While  the 
image  of  the  flam  j is  in  the  centre  of  the  cornea  of  the  fixing  eye,  it  is  eccentric  to 
the  pupil  of  the  ~>tl  or  eye.  If  the  pupil  measures  3.5  millimetres,  and  the  image  of 
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the  flame  is  midway  between  the  centre  of  the  pupil  and  the  pupillary  margin,  the 
squint  is  less  than  10°;  if  it  is  seen  at  the  pupillary  margin,  the  amount  of  squint  is 
12°  to  15°;  if  it  is  midway  between  the  pupillary  margin  and  corneal  limbus,  a 
squint  of  25°  is  present;  if  the  flame  shows  on  the  margin  of  the  cornea,  the  amount 
is  45°  to  50°;  and  if  on  the  sclera,  60°  to  80°.  This  test  is  sufficiently  accurate  for 
practical  purposes,  and  can  be  used  on  any  case. 

5.  Linear  Measurement  Test. — This  requires  a strabismometer  (Fig.  103), 
marked  in  millimetres.  The  patient  looks  at  a distant  object  while  the  surgeon 
makes  on  the  lower  lid  a vertical  mark  corresponding  to  the  outer  margin  of  the 
cornea  of  the  squinting  eye.  Then  the  normal  eye  is  covered  and  the  patient  looks 
at  the  same  object  while  the  surgeon  again  marks  the  outer  margin  of  the  cornea. 
The  distance  between  these  marks  (distance  from  8 to  R in  Fig.  104)  is  measured  in 
millimetres  arid  recorded. 

6.  Tiie  Prism  Test  can  be  used  only  when  binocular  vision  is  present  (i.e.,  in 
early  cases  and  in  patients  in  whom  binocular  vision  has  been  restored  by  treat- 
ment). The  requisites  are  a frame,  a set  of  prisms,  a colored  glass,  and  a lighted 
candle  placed  at  20  feet.  The  colored  glass  is  placed  in  front  of  the  better  eye  and 


the  patient  looks  at  the  flame.  If  diplopia  (double  vision)  is  present,  note  is  made 
whether  it  is  homonymous  or  crossed;  and  the  prism,  which  produces  single  binocular 
vision,  divided  by  two,  is  the  measure  of  the  strabismus.  Thus,  in  homonymous 
diplopia  which  requires  a 30°  prism,  apex  inward,  to  produce  single  binocular 
vision,  there  is  a convergent  squint  of  15°. 

Keratometry  (Ophthalmometry;  Actigmometry) . — By  these  terms  is 
meant  the  act  of  measuring  the  c nr  Tature  of  the  cornea  and  the  determina- 
tion of  the  difference  of  curvature  in  different  meridians:  i.e.,  the  meas- 
uring of  corneal  astigmatism.  Instruments  for  this  purpose  (keratometers, 
ophthalmometers,  astigmometers)  consist  of  a telescope,  carrying  a metal 
arc  movable  around  h:  aivis;  a head-rest,  for  the  support  of  the  patient;  a 
leveling  screw,  by  whirh  the  telescope  can  be  raised  or  lowered;  a Wollaston 
prism,  placed  between  two  achromatic  objectives,  which  serves  to  double 
objects  in  direction  parallel  with  the  plane  of  the  metal  arc;  a Ramsden 
eyepiece  with  a spider’s  thread;  two  white  objects  (mires),  each  of  which 
is  earned  *>n  an  arm  of  the  arc;  and  another  arc,  which  registers  the  posi- 
tion of  die  meridians  of  greatest  and  least  refraction.  These  parts  are 
diagrammatically  shown  in  Fig.  105.  In  using  the  astigmometer  a reliable 
source  of  illumination,  such  as  gas  or  electric  light,  is  required,  and  is 
generally  best  furnished  by  four  Welsbach  burners  or  the  same  number  of 
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incandescent  lights.  The  author  prefers  gaslight,  for  the  reason  that  the 
intensity  of  the  light  can  be  controlled.  The  principle  on  which  the 
instrument  is  based,  that  of  doubling,  has  been  borrowed  from  astronomy 
and  can  only  be  referred  to  here.  Originally  the  invention  of  Helmholtz, 
who  used  it  solely  as  a laboratory  instrument,  the  astigmometer  has  been 
made  a clinical  necessity  by  the  labors  of  Javal  and  Schioetz.  One  of  the 
mires  is  a parallelogram ; the  other  has  the  special  form  of  “insteps,”  each 
of  which  corresponds  to  one  dioptre. 


Fig.  105. — Schematic  section  of  the  Kagena  ar  model  of  the 
Javal-Schioetz  ophthalmometer.  (Kasenaar.) 

A,  B,  Transverse  section  of  the  mires.  A',  B',  j.ne  same  seen  on  the  flat. 

C,  D,  Objectives.  E,  Spider’s  thread.  G,  G , M t?1  arc.  H,  Ocular.  J,  The  doubly 
refracting  prism.  K,  Metal  tube.  L,  Arc  di  'id0'’,  into  degrees. 

In  making  the  examination  oaiy  the  central  portion  of  the  cornea 
is  inspected,  the  part  forming  on  area  extending  about  1.2  millimetres 
in  every  direction  from  the  visual  line.  Hence  it  is  necessary  that  the 
patient  should  look  directly  ahead  into  the  barrel  of  the  instrument  and 
hold  the  eye  in  a fix'1!  nosition.  The  telescope  is  then  focused  by  a 
to-and-fro  movement  On  looking  through  the  astigmometer  the  surgeon 
will  see  four  images  of  ihe  two  mires : the  outside  images  are  to  be  ignored, 
the  central  images  rre  to  be  studied.  One  of  the  mires  is  fixed,  the  other 
is  movable  cn  he  arc.  The  mire  at  the  right  is  to  be  moved  until  the 
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central  images  touch  at  their  bases  (Fig.  106).  Then  the  instrument  is 
to  be  Rotated  90°  on  its  axis  and  the  relations  of  the  images  noted.  If 
they  overlap,  astigmatism  is  present  and  each  step  thus  covered  represents 
1 D.  of  error.  If  the  images  separate,  astigmatism  “against  the  rule”  is 
present,  and  can  be  measured  by  causing  the  images  to  touch  at  their  bases 
and  then  turning  the  instrument  back  90°.  If  the  images  retain  their 
relation,  the  bases  touching,  there  is  no  corneal  astigmatism. 

While  inspecting  the  cornea  by  this  instrument  it  will  often  be  noticed 
that  the  images  move  slightly,  sometimes  overlapping,  then  separating, 
showing  that  the  curvature  of  the  cornea  can  be  changed  by  the  tension 
of  the  recti  muscles.  This  circumstance  explains  why  the  ophthalmometer 
often  registers  0.50  or  1.00  D.  more  astigmatism  than  is  actually  present 
as  demonstrated  by  retinoscopy  and  trial-lenses.  In  the*  case  of  a quiet 
patient,  and  in  the  hands  of  a competent  observer,  the  discrepancy  between 
the  amount  of  astigmatism  found  by  the  instrument  and  the  glass  accepted 
by  the  patient  will  generally  be  surprisingly  small. 


A 


B 


Fig.  106. — Appearance  of  the  mires  in  the  primary  and  sec  mdary 
positions.  (Vossius. ) 


A,  In  the  primary  position.  S,  In  the  secondary  position,  ',h*_wi,ig  two  dioptres 
of  corneal  astigmatism. 


The  astigmometer  accomplishes  several  rhings:  1.  It  registers  the 
amount  of  astigmatism  and  gives  the  axes  ex  Lhe  principal  meridians.  2. 
It  unerringly  detects  corneal  nebulae  or  opacities  causing  irregular  astig- 
matism. 3.  It  gives  a magnified  view  of  the  iris.  4.  It  can  be  used  to 
measure  the  refraction  of  the  cornea  5.  Tt  permits  the  observer  to  measure 
the  radius  of  the  cornea.  It  doe^  no!  tjll  whether  the  astigmatism  is  myopic 
or  hypermetropic.  For  the  examination  of  the  deaf  and  dumb,  children, 
and  illiterates  it  is  an  absolute  necessity,  and  for  the  rapid  and  correct 
determination  of  refraction  in  all  other  persons  it  is  useful. 

IIoiv  to  Measure  Refraction  of  the  Cornea, . — The  following  data 
apply  to  the  Kagenaar  instrument.  One  mire  (A',  in  Fig.  105)  is  fixed  at  a 
point  marked  “20”  on  the  left  arm  of  the  arc.  The  other  mire  is  moved 
along  the  right  aim  of  the  arc  until  the  images  reflected  from  the  cornea 
touch  at  the:r  bases.  The  scale  on  the  right  arc  is  now  read,  and  this  figure, 
added  to  on  the  left  side,  gives  the  refraction  of  the  cornea  in  dioptres. 

TIuw  lo  Measure  the  Radius  of  the  Cornea. — If  one  divides  337  by  the 
numbei  of  dioptres  as  found  in  the  preceding  paragraph,  the  result  will 
bo  ( .n  millimetres)  the  radius  of  the  cornea  for  the  observed  meridian.  For 
example : the  left  mire  stands  at  20,  the  right  mire  at  22 : hence  “7  = 8 
millimetres.  42 
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Although  many  ophthalmometers  are  on  the  market,  the  author  prefers 
the  one  here  described.  The  recent  model  of  the  J aval-Schioetz  instrument, 
provided  with  a large  disc  on  which  confusing  circles  and  figures  are  found, 
is  not  so  valuable  as  the  model  of  1889.  Sutcliffe  has  recently  invented  a 


keratometer  which  has  but  one  mire,  registers  both  axes  simultaneously,  and 
has  an  absolute  focus. 

Testing  Visual  Acuity. — The  sense  of  sight  consists  of  (1)  the  form- 
sense  (visual  acuity),  (2)  the  light-sense,  and  (3)  the  color-sense. 

Testing  the  Form-sense. — By  the  tern  “form-sense”  is  meant  the 
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Fig.  109. — Wallace’s  test-type. 


power  which  the  eye  possesses  of  distinguishing  form,  after  the  refraction 
lias  been  corrected,  if  it  he  tbnormal. 

Having  finished  th>.  external  examination,  it  will  next  be  in  order  to 
test  the  visual  acuity  of  the  patient.  In  this  form  of  examination  every- 
thing depends  o"  t.ie  answers  of  the  patient.  Hence  in  malingerers,  illiter- 
ates, and  children  this  test  is  of  doubtful  value. 
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In  order  to  make  the  examination  of  visual  acuity  of  value,  a definite 
standard  is  necessary.  This  was  supplied  many  years  ago  by  Snellen,  whose 
test-types  are  in  general  use.  They  are  so  constructed  that  each  letter  is 
formed  within  a square,  each  side  of  which  is  divided  into  five’ equal  parts. 
The  sizes  of  the  letters  are  such  that  the  normal  eye  will  see  them  at  certain 
definite  distances  under  a visual  angle  of  five  minutes.  Each  of  the  five 
small  squares  is  seen  under  a visual  angle  of  one  minute,  which  is  supposed 
to  be  the  minimum  visual  angle  for  the  normal  human  eye.  In  order  to 
subtend  the  same  visual  angle  it  is  necessary  that  the  letters  used  as  tests 
should  increase  in  size  in  proportion  as  the  distance  from  the  eye  increases 
(Fig.  107). 

The  Snellen  test-types  are  shown  in  Fig.  108.  Although  they  have 
been  generally  accepted  as  the  standard,  it  has  been  found  that  letters  con- 


Fig.  110. — Improved  ^.'al-frame. 


structed  under  the  angle  of  five  minute*  Jo  not  always  give  the  best  visual 
acuity  of  which  the  patient  is  capable,  many  eyes  possessing  vision  5/4  of 
this  standard.  Hence,  test-tvpos  nave  been  constructed  on  the  basis  of  an 
angle  of  four  minutes. 

The  test-type  of  Wallace  is  constructed  on  the  four-minute  basis.  Some 
objection  has  been  raised  to  the  intervals  between  the  lines  in  Snellen’s 
types.  This  has  cau  sec  Monoyer  to  construct  a series  of  lines  based  on  the 
decimal  system  in  which  the  interval  between  each  line  is  1/10  and  the 
degrees  run  from  0.1  to  1.0.  These  types  were  highly  commended  by  Noyes. 

The  letters  used  as  tests  are  printed  in  black  on  a heavy  white  paper 
or  painted  on  porcelain,  or,  as  is  now  preferred  by  many  surgeons,  the 
letters  an  white  with  a black  background.  It  is  claimed  for  the  latter 
tha-  a white  letter  on  the  black  card  is  not  so  tiring  to  the  eye  as  the 
ordinary  test-type. 

For  recording  visual  acuity  Snellen  furnished  the  formula:  V = -f-. 
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In  this  V stands  for  vision,  d indicates  the  distance  of  the  patient  from 
the  type,  and  D the  distance  at  which  it  should  be  read. 

Acuteness  of  vision  is  found  by  determining  the  smallest  type  which 
can  be  read  at  6 metres.  Rays  of  light  coming  from  an  object  at  this  dis- 
tance are  assumed  to  be  parallel.  In  the  practical  use  of  test-types  it  is 
necessary  to  have  a steady  and  equal  illumination.  Since  daylight  does  not 
answer  these  requirements,  it  is  best  to  use  artificial  light.  A reflector  is 
used  to  throw  the  light  from  a gas-bracket  on  to  the  type.  The  patient, 
being  placed  at  the  proper  distance,  is  requested  to  read  the  letters,  begin- 
ning with  the  largest.  The  eye  not  under  examination  is  covered  with  a 
metal  disc  placed  in  a frame  for  holding  lenses,  commonly  known  as  a 
“trial-frame”  (Fig.  110). 

If  the  patient  correctly  reads  the  line  which  the  normal  eye  reads  at 
6 metres,  vision  should  be  recorded  as  follows : RE  = 6/ 6.  The  left  eye 
is  then  tested  in  the  same  manner.  If,  for  example,  this  eye  reads  at  6 
metres  only  the  line  which  should  normally  be  read  at  twice  this  distance, 
vision  should  be  recorded  as  LE  = 6/12.  'Attempts  are  then  to  be  made 
to  render  the  vision  normal  by  placing  a spheric  or  a cyliudric  lens,  or  a 
combination  of  the  two,  in  front  of  the  eye.  The  result  is  recorded  as  part 
of  the  case  history.  Regardless  of  whether  normal  vision  is  attained  by 
lenses  or  without  them,  it  is  necessary  in  many  cases,  particularly  in  persons 
under  45  years  of  age,  that  a mydriatic  be  used  in  order  to  examine  the 
refraction  properly.  Before  proceeding  to  its  use,  however,  it  will  be 
advisable  to  examine  the  near  vision,  the  light-sense,  the  color-sens';,  ti  e 
field  of  vision,  the  muscle-balance,  and  the  intra-ocular  tension. 

In  case  the  patient  cannot  read  the  largest  letters  on  the  te^t-fvpe  at 
6 metres,  he  is  to  be  led  toward  the  letters,  and,  when  the  top  .etter  is 
recognized,  a note  is  made  of  the  distance.  If,  on  closely  a oproaching  the 
test-type,  it  is  found  he  cannot  read  any  letters,  the  surgeon  is  to  determine 
whether  the  eye  under  examination  can  see  fingers  at  a low  inches.  Should 
there  exist  inability  to  recognize  fingers,  it  will  be  necessary  to  find  whether 
light-perception,  PL,  exists.  This  can  be  don^  bv  lading  the  patient  into 
a dark-room  and  throwing  a faint  light  upon  the  eye  by  means  of  an  oph- 
thalmoscope or  retinoscope.  The  mirror  can  be  turned  so  as  to  illuminate 
different  parts  of  the  retina,  and  the  intensity  of  the  light  can  be  varied. 
The  result  of  these  observations  is  t(  bo  recorded  for  future  comparison. 
Light-perception  may  be  qualitative  or  quantitative.  If  qualitative,  the 
patient  will  distinguish  between  m sheets  of  paper,  one  of  which  is  entirely 
white,  the  other  with  printing  m it.  If  quantitative,  he  will  recognize  the 
difference  between  a dark  aid  a lighted  room. 

Up  to  this  point  if  has  oeen  supposed  that  the  patient  is  an  adult  of 
average  intelligence  If  lie  be  illiterate,  the  surgeon  must  make  use  of 
specially  constructed  fost-types.  A common  one  is  that  designed  by  Snellen, 
in  which  the  letter  E is  placed  in  various  positions  and  the  patient  is  to 
place  a metal  E which  he  holds  in  his  hand,  in  the  same  positions  as  obtain 


122 


MODERN  OPHTHALMOLOGY. 


on  the  test-type.  Another  test  is  that  of  Burchardt,  who  arranged  a series 
of  dots  of  different  sizes  in  the  form  of  groups.  The  latter  is  a more 
exacting  test.  Still  another  way  is  to  have  pictures  of  animals  or  common 
objects  printed  according  to  the  visual  angle.  Such  test-types  have  been 
designed  by  Ewing,  W olffberg^  and  others.  As  regards  the  examination  -of 
malingerers,  the  subject  is  of  such  importance  as  to  demand  consideration 
elsewhere  in  this  chapter.  It  may  be  remarked  here  that,  in  the  examina- 
tion of  the  refraction  of  illiterates,  malingerers,  and  children,  credence  is 
to  be  given  to  the  findings  obtained  by  ophthalmoscopy,  ophthalmometry, 
and  retinoscopy. 

Examination  of  Near  Vision. — This  includes  the  testing  of  the 
ability  of  the  patient  to  read  print : the  condition  of  the  accommoda- 

tion. The  test-types  for  near  vision  are  those  of  von  Jaeger  and  Snellen. 
The  No.  1 of  the  former  corresponds  to  Snellen’s  0.50.  A very  valuable 
card  for  the  near  test  has  been  designed  by  Oliver,  and  consists  of  five 
divisions  (Plate  VI).  Each  division  is  composed  of  several  columns,  each 
made  up  of  three  or  four  words.  The  author  describes  his  test  as  follows : 


Fig.  111. — The  hair-optoineter. 


“Each  word  is  composed  of  three  or  four  letter i contracted  in  strict  con- 
formity with  the  Snellen  basis  of  letter-fomatieT’ ; each  column  of  words 
has  a purposive  succession  of  test-letters,  so  arranged  as  to  be  of  value  in 
the  recognition  of  astigmatism ; each  grouping  of  letters  is  composed  of  a 
series  of  words  which  bear  no  relation  to  one  another;  and  each  test-letter 
is  surrounded  by  a space  which  is  equal  to,  or  greater  than,  the  area  that 
is  occupied  by  the  letter  itself  ” The  letters  are  much  clearer  than  those 
of  the  ordinary  test-type,  having  been  cut  in  steel. 

In  the  chapter  on  “T’hjsio'ogy  of  Vision”  mention  has  been  made  of 
certain  terms  used  in  describing  the  accommodative  power  (see  page  68). 
The  near  point  ( P ) con  be  found  by  ascertaining  the  closest  point  at  which 
the  patient  can  read  U"j  type.  Another  method,  and  a valuable  one,  is  by 
means  of  the  hair-ontometer,  which  is  in  common  use  in  England,  but  is 
little  known  in  tne  United  States.  This  (Fig.  Ill)  is  an  instrument 
resembling  a uaniature  harp,  in  which  the  strings  are  replaced  by  hairs. 
It  is  proviaca  with  a handle  and  a hook,  to  which  a dioptre  steel  tape  can 
be  attached.  The  steel  tape  is  marked  in  dioptres  on  one  side  and  fractions 
of  a metre  on  the  other.  In  testing  the  accommodation  the  surgeon  is  to 
pi  iceed  as  follows : A trial-frame  is  placed  on  the  patient  and  one  eye  is 
covered  with  a metal  disc.  In  front  of  the  other  eye  the  glass  needed  to 
make  vision  %,  in  the  test  for  far,  is  to  be  placed.  The  patient  holds  the 
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hair-optometer  in  front  of  a white  background  and  brings  the  instrument 
to  the  nearest  point  at  which  the  hairs  can  still  be  distinguished.  The 
distance  from  this  point  to  the  outer  canthus  of  the  eye  is  to  be  read  off 
on  the  steel  tape.  This  gives  the  amount  of  accommodation  in  dioptres. 

Suppose,  for  example,  the  nearest  point  at  which  the  hairs  can  be 
clearly  seen  is  12  centimetres.  The  amount  of  accommodation  is  then 
10%2  = 8 D.  The  other  eye  is  then  to  be  tested  in  a similar  manner  and 
the  result  is  recorded.  The  amplitude  of  accommodation  is  determined  by 
using  the  formula  : A = P — R,  in  which  P and  R are  expressed  in 
dioptres.  To  measure  A in  emmetropes,  we  find  the  nearest  point  (in  centi- 
metres) at  which  the  patient  can  read  small  print;  and  divide  this  into 
100  centimetres.  In  liypermetropes  we  add  to  the  lens  whose  focal  distance 
equals  the  distance  of  his  near  point  that  convex  lens  which  enables  him  to 


Fig.  112. — Measurement  of  the  near  point. 


see  distant  objects  clearly  without  accommodative  effort  In  myopes  we 
subtract  the  glass  used  for  far  vision. 

After  the  age  of  40  the  near  point  recedes,  end  the  patient  is  said 
to  be  presbyopic.  It  then  becomes  necessary  for  rea  ding  purposes  to  add  a 
convex  glass  to  the  lens  which  is  needed  to  torrent  any  error  in  refraction. 
The  rule  is  to  add  1 D.  for  every  five  yoars  after  the  age  of  40.  Thus, 
at  45  the  patient  wears  a +*2  D.  lens.  This  rule,  however,  is  always  sec- 
ondary to  the  following  absolute  in j motion!  Never  give  a patient  read- 
ing glasses  which  magnify  the  print.  The  glasses  for  near  work  should 
render  the  object  sharp  and  clear;  they  should  not  enlarge  it.  The  subject 
of  presbyopia  will  receive  further  consideration  in  the  chapter  on  “Errors 
of  Refraction.” 

Measurement  of  do  nv  :rgence. — Convergence  is  the  power  of  direct- 
ing the  visual  axe°  to  a near  point.  It  is  brought  about  chiefly  by  the 
contraction  of  the  internal  recti.  There  is  generally  a close  relationship 
between  convergence  and  accommodation^  although  accommodation  may  be 
paralyzed  end  convergence  be  unaffected.  Far  and  near  points  have  been 
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mentioned  in  connection  with  accommodation,  and  the  same  terms  are  used 
in  describing  convergence.  The  far  point  of  convergence  is  the  point  at 
which  the  visual  lines  are  directed  when  convergence  is  at  a minimum, 
as  when  the  eyes  are  directed  toward  an  object  6 metres  or  farther  away. 
The  near  point  of  convergence  is  the  point  at  which  the  eyes  are  directed 
when  turned  inward  to  the  greatest  degree.  It  is  evident  that  when  the  eyes 
are  directed  to  a distant  object  the  visual  axes  are  parallel.  If  the  lines 
diverge,  they  can  meet  only  when  projected  backward;  hence  the  term 
negative  convergence.  This  is  determined  by  finding  the  strongest  abduct- 
ing prism  (apex  of  prism  being  toward  the  temple)  with  which  the  patient 
can  overcome  double  vision  when  looking  at  a flame  6 metres  distant.  In 
the  practical  application  of  the  test  the  patient  keeps  both  eyes  open,  the 
prism  being  placed  before  one  eye  only.  This  gives  in  degrees  the  amount 
of  negative  convergence. 

The  term  metre-angle  has  been  used,  and  must  now  be  explained. 
When  the  eyes  converge  to  a point  directly  in  front  of  them,  and  1 metre 
distant,  the  amount  of  convergence  toward  the  middle  line  is  called  1 
metre-angle.  If  they  are  directed  to  points  Vi,  Vi,  or  Vs.  of  a metre  dis- 
tant, the  convergence  is,  respectively,  2,  4,  and  8 metre-angles.  Likewise, 
when  directed  to  a point  2 metres  distant,  the  convergence  is  recorded  as 
V2  metre-angle.  Accommodation  for  the  near  point  is  called  positive  con- 
vergence, and  is  found  by  having  the  patient  hold  a hair  'udometer  at  a 
distance  of  25  centimetres  from  his  nose.  Both  eyes  art  to  ’ook  at  a bead 
placed  on  one  string  of  the  optometer;  and  the  instrument  is  advanced 
toward  the  patient  until  the  bead  appears  double.  When  this  point  is  ascer- 
tained the  distance  is  read  off  by  means  of  th  * dioptre  steel  tape  and  the 
number  of  metre-angles  of  convergence  is  recorded.  The  average  normal  eye 
shows  as  many  metre-angles  of  convergence  as  of  dioptres  of  accommodation. 
Thus,  when  the  eyes  are  directed  at  a point  distant  Vi  metre,  the  eye 
requires  4 D.  of  accommodation  and  4 n.flre-angles  of  convergence.  The 
relationship  thus  existing  in  norma]  eyes  is  much  changed  in  ametropia. 
The  hypermetropic  eye  calls  or.  its  accommodation  before  convergence  is 
necessary.  In  the  myopic  eye  the  reverse  is  the  case. 

The  power  to  maintain  convergence  is  determined  by  the  use  of  the 
gold  bead  on  the  optometer,  and  a shield.  The  patient  holds  the  optometer 
at  the  distance  required  in  his  work  and  looks  at  the  gold  bead  with  both 
eyes.  The  surgeon  now  covers  one  eye  with  the  shield,  which  is  immediately 
removed  and  the  ..fleet  noted.  If  there  is  no  movement  of  either  eye  con- 
vergence is  maintained  properly  (orthophoria).  If  one  or  both  eyes  move 
when  covered,  and  then  move  back  to  the  primary  position  when  uncovered, 
there  is  heterophoria.  Its  amount  can  be  found  by  the  following  method : 
A word  cut  from  Snellen’s  smallest  test-type  is  pasted  on  a piece  of  white 
ca  d.  A vertical  line  is  drawn  through  the  centre  of  the  word.  A trial- 
frame  is  used ; a prism  of  6°,  base  up,  is  placed  before  the  right  eye.  The 
word  and  line  are  looked  at  with  both  eyes  and  are  seen  doubled.  The  lower 
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image  belongs  to  the  right  eye,  and  should  be  seen  immediately  under  the 
upper.  If  it  does  not  occupy  this  position,  but  is  placed  to  the  right  or  left 
of  the  upper  image,  the  deviation  is  to  be  corrected  by  placing  a prism  hori- 
zontally of  sufficient  strength  to  cause  the  images  to  appear  in  proper 
position. 

In  making  a test  of  convergence  it  is  necessary  that  a patient  who 
wears  glasses  for  near  work  shall  have  the  lenses  properly  centred.  If 
decentred,  they  will  act  as  prisms  and  will  cause  deviation. 

Perimetry. — Direct  vision  having  been  examined  by  means  of  test- 
types,  it  will  next  be  in  order  to  determine  the  state  of  indirect  vision. 
Outside  the  fovea  visual  acuity  declines  rapidly.  Thus,  according  to  Ivonigs- 
liofer,  1°  outside  of  it  vision  is  1/3;  and  at  2°  or  3°  it  is  1/e.  In  testing 


Fig.  113. — The  McHardy  perimeter. 

(D.  Y Brown,  Philadelphia.) 


vision  beyond  the  fovea  attention  is  paid,  not  to  acuity,  hat  t o form.  This 
determination  is  known  as  perimetry.  While  it  is  tint  viiat  a rough  estimate 
of  the  visual  field  can  be  obtained  by  using  the  hand  as  a test-object,  and 
a more  reliable  judgment  can  be  had  by  mapoing  me  field  on  a blackboard 
(Jeffries),  or  with  the  campimeter  of  de  Weaker,  yet  the  best  method  is 
the  use  of  the  perimeter.  This  instrument  is  either  a hollow  hemisphere 
or  a metallic  band  representing  one  meridian  of  such  a hemisphere.  The 
latter  is  a graduated  arc  turning  ou  a central  pivot  and  bearing  a movable 
disc.  A recording  apparatus  registers  the  point  at  which  the  test-object  is 
seen  in  different  meridians.  Tim  perimeter  of  McHardy  (Fig.  113),  that 
of  Priestley  Smith,  and  teat  of  Skeel  are  among  the  best  of  the  self- 
registering instrument  Portable  perimeters  are  of  value,  one  of  the  best 
being  Dana’s. 

McHardy’s  perimeter  is  used  in  this  manner:  One  eye  of  the  patient 
is  to  be  bandaged.  The  other  is  to  be  directed  constantly  at  a small  white 
disc  placed  rt°the  centre  of  the  pivot.  The  test-object  (a  white  disc)  is 
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then  to  be  carried  to  the  end  of  the  arc  and  is  made  to  approach  the  centre 
slowly.  As  soon  as  the  patient  sees  it,  the  surgeon  registers  the  point.  The 
same  procedure  is  followed  in  the  upper,  lower,  inner,  outer,  and  oblique 
meridians.  To  make  the  examination  of  value,  at  least  three  meridians 
should  be  tested  in  each  quadrant.  Then  the  points  thus  registered  are 
connected  by  a line,  and  thus  a map  of  the  visual  field  for  white  is  obtained. 
The  field  for  colors  is  tested  in  the  same  manner,  a colored  test-object  being 
substituted  for  the  white  one.  The  apertures  of  the  McHardy  perimeter 
permit  the  use  of  a test-object  of  different  sizes,  1,  2,  5,  10,  15,  and  20 
millimetres  square. 

In  ordinary  perimetry  the  test-objects  are  comparatively  large,  sub- 
tending an  angle  of  2°  to  4°,  thus  covering  thousands  of  retinal  elements. 
Such  tests  are  rough  as  compared  with  the  tests  for  visual  acuity.  Hence 
a method  of  perimetry  has  been  introduced  by  Bjerrum  which  involves  the 
use  of  white  objects  subtending  a very  small  visual  angle,  the  examination 
being  made  at  a distance  of  2 metres  and  upon  a black  screen  2 metres 
broad.  The  examination  is  begun  at  the  ordinary  distance  (30  centimetres) 
with  the  10-millimetre  white  square  and  continued  at  2 metres  with  the 
3-millimetre  disc.  In  the  first  case  the  visual  angle  is  10/3oo  and  in  tne 
second  3/2ooo>  or  2°  and  5',  respectively.  In  the  first  instance  the  b Januaries 
of  the  normal  field  are  those  given  on  page  78 ; in  the  second  thcv  average 
35°  outward,  30°  inward,  28°  downward,  and  35°  upward  (Berry).  Thus, 
by  the  Bjerrum  method  the  field  is  smaller;  hence  it  is  cendfie  of  giving 
valuable  data  for  diagnosis. 

The  form  of  the  normal  field  is  oval  and  its  greatest  extent  is  on  the 
temporal  side.  In  case  the  patient  is  amblyopic  oi  ^ataractous  the  exam- 
ination is  made  by  fixing  one  candle  in  the  middle  line  while  another  is 
moved  along  the  arc.  The  perimeter  is  usefu1  in  examining  the  angle  of 
deviation  in  strabismus,  as  has  been  explained. 

Defects  in  the  Visual  Field  are  d:  Lwo  kinds-:  (1)  the  physiologic 
blind  spot  and  (2)  pathologic  defects.  The  blind  spot  is  found  15°  to 
the  outside  of  and  3°  below  the  point  of  fixation.  Pathologic  defects  may 
take  the  form  of  concentric  contraction,  hemianopsia,  sector-like  defects,  or 
scotomata.  Hemianopsia  (half-sight)  can  often  be  made  out  by  a rough 
test,  such  as  the  use  of  the  hand.  The  other  defects  require  careful  perim- 
etry. While  a full  consideration  of  hemianopsia  is  naturally  out  of  place 
in  this  chapter,  it  may  je  well  to  state  briefly  that  the  dividing  line  between 
the  blind  and  seeing  field  may  be  horizontal  or  vertical.  Vertical  hemianop- 
sia may  be  homonymous,  bitemporal,  or  binasal.  If  homonymous,  both  right 
or  both  left  half-fields  are  absent.  Absence  of  both  right  half-fields  shows 
blind necs  m the  left  half  of  each  retina,  a condition  to  which  the  term 
“right  homonymous  hemianopsia”  is  applied.  Left  homonymous  hemianop- 
sia m°ans  blindness  of  the  right  half  of  each  retina.  In  bitemporal  hemi- 
anopsia both  temporal  fields  are  wanting,  and  in  the  binasal  form  the  nasal 
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half  of  each  field  is  wanting.  Further  consideration  of  the  subject  will  be 
found  in  the  chapter  on  “Diseases  of  the  Optic  Nerve.” 

Concentric  contraction  and  sector-like  defects  can  be  mapped  out  by 
the  careful  use  of  the  perimeter.  Scotomata  are  areas  of  partial  or  com- 
plete blindness  lying  within  the  field  of  vision.  They  are  divisible  into 
positive  and  negative,  true  and  false,  central,  paracentral,  ring,  and  periph- 
eral. A positive  scotoma  is  present  as*  a cloud  which  obscures  vision  in 
a certain  direction  and  is  due  to  retinal  disease.  A negative  scotoma  is  a 
space  in  which  objects  naturally  are  unseen  by  the  individual  in  health. 
The  physiologic  blind  spot  forms  a negative  scotoma.  True  scotomata  are 
due  to  lesions  in  the  brain,  optic  tracts,  optic  nerve,  or  retina,  while  false 
scotomata  are  caused  by  the  obstruction  arising  from  the  presence  of  a 
blood-clot,  an  opacity  in  the  dioptric  media,  or  a new  formation  floating 
in  the  vitreous  body.  Such  a defect  changes  its  position  with  every  move- 
ment of  the  eyeball.  Central  scotoma  is  due  to  retinal  or  chorioidal  disease; 
the  toxic  action  of  alcohol,  tobacco,  and  other  substances  capable  of  pro- 
ducing amblyopia ; or  to  a form  of  neuritis  involving  the  optic  nerve  behind 
the  globe.  Such  scotomata  are  mapped  out  with  difficulty  because  of  im- 
paired fixation. 

In  all  cases  of  scotomata  it  is  to  be  advised  that  the  surgeon,  after 
determining  the  extent  of  the  field,  should  use  a small  test-object,  which 
is  passed  from  the  centre  of  the  perimeter  outward  in  many  meridians. 

Testing  the  Light-sense. — The  testing  of  the  light-sense  was  at  one 
time  regarded  as  a scientific  curiosity,  but  of  late  years  it  has  come  to  oc.u^v 
a practical  place  in  ophthalmic  examination.  By  the  light-sense  is  mean, 
the  ability  of  the  eye  to  distinguish  different  intensities  of  light.  T ^o  per- 
sons may  have  equal  acuteness  of  vision, — i.e.,  equal  space-sense, — i nd  yet 
under  feeble  illumination  one  will  not  discern  Snellen’s  letters,  while  the 
other  will  read  them.  In  this  case  the  persons  have  a different  appreciation 
of  brightness:  i.e.,  the  light-sense  (L)  is  different  in  the  iwo.  Instru- 
ments for  the  purpose  of  comparing  the  intensity  c*  one  light  to  another, 
which  is  taken  as  a standard,  are  called  photometer,.  In  the  practical  appli- 
cation’ of  photometry  it  is  the  sense  of  stimulation,  nut  the  sense  of  contrast, 
which  is  measured:  i.e.,  the  power  to  disting iAoh  the  effect  produced  by 
the  smallest  possible  quantity  of  light  where  the  surroundings  are  dark. 
Since  daylight  is  an  uncertain  quantity,  photometers  are  constructed  in 
such  a way  that  the  illumination  is  produced  by  a normal  candle  (one  of 
one-candle  power).  The  instruments  of  most  widely  accepted  use  are  those 
of  Forster  and  Henry.  In  the  cse  of  either  it  is  necessary  first  for  the 
patient  to  sit  in  a dark-room,  with  bandaged  eyes  for  ten  minutes  before- 
hand, in  order  that  the  rAinae  may  become  adapted  to  darkness. 

Forster’s  photometer  (Fig.  114)  is  a box  measuring  1/3  metre  by  1/4 
metre  by  1/6  metre.  It  is  blackened  inside,  and  provided  with  two  apertures 
for  the  eyes  to  be  ested.  A window  for  the  admission  of  light  from  a candle 
placed  in  a sena.  ate  compartment,  and  black  test-marks  on  a white  ground, 
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complete  the  apparatus.  The  test  consists  in  finding  the  smallest  apertures 
admitting  the  candle’s  rays  which  will  permit  the  recognition  of  the  test- 
letters.  The  size  of  the  aperture  is  recorded  on  a scale  marked  in  milli- 
metres. Should  one  eye  see  the  test  with  an  aperture  of  1 square  millimetre, 
and  a second  eye  see  it  only  when  the  aperture  is  enlarged  to  4 square 
millimetres,  the  second  eye  possesses  functional  power  four  times  greater 
and  a light-sense  four  times  smaller  than  that  of  the  first  eye. 

The  Henry  photometer  consists  of  a box  provided  with  an  aperture, 
a candle,  and  nine  discs  of  opal.  After  the  preliminary  bandaging  of  the 
eyes,  the  eye  not  under  examination  being  covered,  and  the  head  enveloped 
in  the  hood,  “the  opal  discs  are,  one  by  one,  removed,  and  the  patient  is 
told  to  say  when  he  detects  any  light;  should  he  detect  it  through  seven 
opals  his  light-perceptive  power  is  registered  at  7 ; if  through  six,  five,  or 
four,  etc.,  6,  5,  or  4 is  entered ; a note  is  also  made  of  the  sex  and  age  of 
the  patient,  and  the  condition  of  the  fundus”  (Henry). 

The  light-sense  is  diminished  in  many  cases  of  general  disease  in  which 
the  blood  is  in  a vitiated  condition.  It  is  often  diminished  in  cliorioidal, 
retinal,  and  optic-nerve  diseases. 

Testing  the  Color-sense. — For  the  investigation  of  the  color-  «e:>se,  it 
is  useless  to  ask  the  patient  to  name  the  colors.  It  is  only  by  tin  process 
of  matching  colors  that  the  color-sense  can  be  rapidly  and  properly  tested. 
There  are  three  plans  for  the  recognition  of  subnormal  color-perception: 
(1)  direct  comparison  of  pigment-colors;  (2)  direct  comparison  of  spectral 
colors,  and  (3)  the  study  of  subjective  after-color  (conioiementary  color). 
Of  these,  the  first,  for  practical  work,  is  the  most  worthy  of  consideration. 
The  second  method  is  not  likely  to  become  pc  oulariied,  because  of  the  ex- 
pensiveness of  the  apparatus,  its  liability  to  get  out  of  order,  the  fact  that 
spectral  colors  are  not  such  as  the  patient  daily  observes,  and  the  further 
reason  that  the  use  of  the  apparatus  demands  intelligence  on  the  part  of 
both  the  examiner  and  the  person  examined.  Hence,  pigment-colors  must 
be  used  for  comparison.  The  th>c  msthod  is  of  value  only  in  exceptional 
expert  cases. 

The  direct  comparison  of  pigment-colors  has  been  popularized  by 
Holmgren,  who  borrowed  Jie  .deas  of  Seebeck  and  the  worsteds  of  Wilson. 
Holmgren’s  test,  which  has  long  had  the  prestige  of  authority  and  popu- 
larity, is  not  reliable.  His  colored  plate  explanatory  of  tests  for  color- 
blindness, which  is  fpjnd  in  many  text-books  of  ophthalmology  as  a test, 
should  not  be  used  as  such,  since  its  colors  are  only  intended  to  show  the 
mistakes  which  a patient  with  subnormal  color-perception  might  make. 
Among  those  who  have  shown  the  inefficiency  of  the  Holmgren  tests  are 
Oliver,  ot  Philadelphia;  Edridge-Green,  St.  Clair  Buxton,  and  G.  A. 
Critchetc,  of  London;  and  T.  H.  Bickerton  and  Karl  Grossman,  of  Liver- 
pool. Williams,  of  Boston,  in  one  year’s  work,  found  four  patients  who 
passed  the  Holmgren  tests,  but  made  so  many  mistakes  with  the  reds  and 
greens  of  the  lantern  test  as  to  show  them  unfit  for  responsible  positions. 
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The  fact  is  that  the  worsteds,  whether  used  as  described  by  Holmgren,  or 
as  modified  in  Thomson’s  stick,  or  in  other  devices,  do  not  represent  in  any 
manner  the  actual  working  conditions  under  which  color-vision  is  demanded. 
The  miniature  lantern  tests,  while  more  nearly  attaining  accuracy,  are  open 
to  the  same  objection.  In  fact,  the  ideal,  way  to  test  the  color-perception 
of  railway  and  steamship  employees,  as  has  been  shown  by  Oliver,  is  to 
examine  candidates  under  their  actual  working  conditions.  The  sooner 
this  fact  is  recognized,  the  better  for  the  traveling  public. 

With  reference  to  the  determination  of  subnormal  color-perception, 
the  ophthalmic  surgeon  should  divide  his  patients  into  two  classes : (1)  those 
who  are  to  be  tested  as  a matter  of  clinical  routine,  and  (2)  those  who  are 


Fig.  114. — Forster’s  photometer.  (Fick.) 

The  instrument  is  here  shown  with  the  doors  open.  Wh<  r 
in  use  they  are  closed. 


employees  of  railway  or  steamship  companies.  It  is  evidi  nl  that  a method 
of  examination  which  would  answer  for  the  firs*-  <Jass  would  be  entirely 
inadequate  for  the  second.  For  general  clinical  parposes  a scientifically 
arranged  collection  of  loose  wools  is  the  best,  cb  japest,  and  most  available 
material  for  practical  use.  The  series  demised  by  Oliver  offers  distinct  ad- 
vantages over  many  tests,  in  that  the  candidate  is  made  to  expose  his  color- 
defect  by  handling  a series  of  inexpensive  wools.  The  colors  in  these 
wools  have  been  made  of  equal  relative  intensity;  the  value  of  each  color 
is  expressed;  the  set  is  so  constructed  that  it  can  be  employed  by  any 
educated  layman ; notes  of  the  passing  color-changes  can  be  preserved  for 
future  comparison,  and  written  expressions  of  the  character  and  amount 
of  the  perception  can  be  given.  They  have  all  been  made  of  one  grade 
of  manufacture,  dyed  with  vegetable  material.  Properly,  he  employs  a 
black  surface  dnr.ng  the  testing,  which  is  done  in  the  ordinary  manner 
of  having  the  iandidate  select  the  nearest  matches  to  the  test-skeins,  the 
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designations  of  his  choice  being  placed  upon  suitable  blanks  made  for  the 
purpose. 

In  regard  to  the  testing  of  the  color-sense  in  marine  and  railway  em- 
ployees,  the  candidate,  as  Oliver  says,  should  be  placed  as  nearly  as  possible 
under  the  actual  conditions  demanded  by  his  vocation.  It  is  evident  that 
miniature  lantern  tests  placed  at  fifteen  or  twenty  feet,  containing  colored 
glasses  of  unknown  ratios,  while  more  valuable  than  the  ordinary  clinical 
tests,  do  not  in  any  manner  answer  the  requirements.  The  recognition  of 
the  colored  signal  must  be  made  at  a distance  sufficiently  great  to  permit 
the  stoppage  of  a rapidly  moving  train,  trolley  car,  or  steamship.  For  this 
purpose  Oliver  has  designed  a fixed  apparatus  which  can  be  used  on  any 
railway.  The  method  is  described  best  in  his  words: 


Tig.  115.  Wools  for  the  detection  of  coloi  blindness.  (Oliver.) 

“Wooden  frames  containing  properly  ,-nJ  proportionately  sized  match  and 
confusion  colors  of  bunting  for  daylight  work,  or  illuminated  plates  and  lanterns  of 
transmitted  color  for  bad  weather  dr  night,  are  to  be  lined  in  a row  in  any  order 
whatsoever,  just  as  the  wools  are  promiscuously  thrown  upon  a table.  The  five  test- 
colors  similar  to  the  ones  I have  employed  for  the  near  tests  are  placed  in  an  upper 
tier.  Just  as  with  the  near-vork  tests,  the  candidate  employs  one  eye  at  a time. 
This  done,  he  is  then  made  successively  to  designate  by  the  actual  position  of  the 
color  in  the  lower  line  the  nearest  numerical  match  to  each  of  the  upper  test-colors 
This  selection  by  number  is  to  be  handed  to  the  examiner,  who  after  having  obtained 
the  true  color-names  «i  the  numbers  chosen  for  the  occasion  by  the  attendant  places 
tliG  choosing  upon  suitable  blanks  for  permanent  registry. 

“To  obta.n  the  different  percentages  of  light-stimulus  and  to  simulate  as 
nearly  as  possible  changes  in  character  of  weather  (fog,  rain,  etc.),  variously  tinted 
glasses  can  he  used,  although  preferably  the  candidate  can  by  this  plan  be  tested 
during  t’iv'  actual  states  of  weather. 

Ap  experimental  track  with  a number  of  open  switches  so  arranged  that  the 
sidings  pass  directly  beneath  certain  colors  would  be  useful  for  practically  testing 
hi,.  cGior-vision  that  is  necessary  to  employ  while  running  locomotives,  troiley  cars” 
vtc.,  at  full  and  even  high  rates  of  speed. 
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“In  marine  service  the  danger  is  increased.  All  vessels  carry  a green  light  on 
the  starboard  side,  and  a red  light  on  the  port,  each  being  so  boxed  as  to  be  seen 
forward  and  amidships.  These  are  accompanied  by  a low  white  forelight,  and 
-sometimes  by  a high  white  aftlight.  Hence,  by  comparison,  a vessel’s  course  can  be 
easily  distinguished.  If,  under  such  conditions,  however,  a heavy  fog,  or  snow,  or  a 
rainstorm  were  to  exist,  it  can  be  understood  how  an  official  with  subnormal  color- 
perception,  judging  these  important  color  distinctions  by  their  intensities  alone 
during  the  best  of  weather,  is  placed  in  a position  that  practically  amounts  to  the 
absence  of  signals.” 

• - 

Lantern  Tests. — Since  many  coior-blind  persons  can  pass  the  Holm- 
gren examination  when  placed  at  1 metre  distance  in  good  daylight,  and 
since  such  persons  are  dangerous  when  occupying  responsible  positions  in 
railway,  marine,  and  naval  service,  attempts  have  been  made  to  produce  such 
tests  as  will  expose  deficient  color-perception  in  this  class  of  individuals 
when  placed  under  surroundings  similar  to  those  met  with  in  their  voca- 


Fig.  116. — Color-sense  measure.  (Oliver.) 


tions.  It  has  been  assumed  that  such  conditions  can  be  imitated  by  the 
lantern  tests.  Lanterns  for  examining  color-perception  are  used  at  a dis- 
tance of  5 metres.  By  means  of  discs  containing  apeituios  for  colored 
glasses  over  which  smoked  lenses  can  be  superimposed,  ud  aicempt  is  made 
to  imitate  the  appearance  of  railway  signal-lights. 

The  lantern  test  will  detect  small  defects  in  the  color-perception  of 
the  central  part  of  the  retina  which  may  be  overlooked  by  the  worsted  tests; 
but,  as  has  been  said  before,  in  the  practical  examination  of  railway  em- 
ployees and  sailors  neither  the  worsted  lantern  test  can  insure  satisfac- 
tory results. 

Measurement  of  Vision  for  Colors. — Apparatus  for  the  quantita- 
tive estimation  of  the  color-sense  i.as  been  designed  by  Donders,  de  Wecker 
and  Masselon,  True  and  Valuck,  Oliver,  and  others.  The  examination  is 
to  be  made  by  placing  the  patent  at  a distance  of  5 metres  and  exposing  a 
color  through  an  apertui e of  definite  size.  The  person  is  to  name  the  color; 
if  he  cannot  do  so  u n>ugh  the  opening  of  standard  size,  the  opening  is 
enlarged  until  he  l able  to  name  the  exposed  color.  Oliver’s  apparatus  is 
a convenient  de  vice  for  practical  use.  With  it  the  patient,  with  normal 
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color-sense  placed  at  5 metres,  requires  an  opening  exposing  2 2/3  milli- 
metres of  surface  for  the  recognition  of  red ; 8 3/4  millimetres  for  blue ; 
10  3/4  millimetres  for  green,  and  22  3/4  millimetres  for  violet. 


INTERNAL  EXAMINATION. 

Internal  examination  of  the  eye  includes  ophthalmoscopy,  retinoscopv, 
radiography,  and  transillumination. 

The  Use  of  Mydriatics. — In  many  cases  of  suspected  ocular  disease  it 
is  impossible  to  make  a complete  examination  without  resorting  to  the  use 
of  certain  medicines  which  act  upon  the  iris  or  upon  the  accommodation,  or 
upon  both.  Those  which  cause  the  iris  to  retract,  thus  enlarging  the  pupil, 
will  be  considered  first;  they  are  known  as  mydriatics.  If  they  possess  the 
property  of  paralyzing  the  ciliary  muscle  (accommodation),  they  are  called 
cycloplegics.  All  of  the  latter  class  are  mydriatics,  but  not  all  mydriatics 
are  cycloplegics.  Mydriatics  are  used  for  four  purposes:  (1)  to  dilate  the 
pupil  and  thus  permit  the  examination  with  the  ophthalmoscope;  (2)  to 
paralyze  the  accommodation  and  thus  permit  the  observer  to  measure  the 
refraction  by  some  methods  which  can  be  employed  only  when  the  ciliary 
muscle  is  made  inactive;  (3)  to  determine  the  diagnosis  of  “eyestrain” , and 
(4)  they  are  employed  as  therapeutic  agents  in  inflammations,  particularly 
those  of  the  uveal  tract. 

The  mydriatics  employed  by  practical  ophthalmologist  are  atropin, 
scopolamin,  homatropin,  duboisin,  hyoscin,  daturin^  hvcscjamin,  mydrin, 
and  euphthalmin. 

Use  of  Mydriatics  for  Refraction  Purposes — Mydriatics  can  be 
used  in  solid  powder  dropped  into  the  conjunctiva,  in  oily  menstruum,  in 
gelatin  discs,  or,  preferably,  in  freshly  prepired  solutions.  In  applying  a 
solution  of  any  mydriatic  it  is  best  to  drop  tne  medicine  upon  the  upper 
part  of  the  cornea  white  the  patient  is  looking  down,  thus  causing  the  solu- 
tion to  spread  over  the  cornea.  Applied  in  this  way,  absorption  of  the  drug 
occurs  more  rapidly  and  more  powerfully  than  when  dropped  into  the  con- 
junctival sac.  It  is  always  advisable  that  the  patient  should  turn  his  head 
downward  and  to  the  riglt  when  the  physician  applies  drops  to  the  right 
eye,  and  to  the  left  when  applied  to  the  left  eye,  so  that  the  excess  will  flow 
away  from  the  lacrimal  uj  paratus. 

An  imperative  ride  is:  Never  use  a mydriatic  until  after  testing  the 
tension  of  the  e^e,  and  never  use  a mydriatic  if  the  tension  is  increased. 
Whenever  possible,  an  ophthalmoscopic  examination  should  be  made  before 
a mydriatic  :s  used.  No  one  except  a skilled  physician  should  prescribe  a 
mydriatic,  for  the  weakest  of  these  drugs  has  been  known  to  cause  out- 
break oe  g'aucoma.  Mydriatics  are  dangerous  remedies  in  the  very  young, 
in  riie  leeble,  or  the  aged,  and  should  be  used  with  discretion  at  all  times. 

Atropin , the  best  known  of  the  mydriatic  group,  and  the  one  whose  effects  last 
longest,  is  the  active  principle  of  Atropa  belladonna.  The  pure  atropin,  owing  to  its 


EXAMINATION  OF  THE  EYE. 


133 


slight  solubility,  has  been  replaced  by  the  sulphate.  For  the  purpose  of  examining 
the  refraction,  the  use  of  the  ophthalmoscope,  etc.,  a solution  of  atropin  of  the 
strength  of  gr.  ii-iv  to  the  ounce  is  employed.  A few  drops  of  this  are  instilled 
into  the  conjunctiva,  and  a half-hour  later  the  ophthalmoscopic  examination  can  be 
made.  If  the  refraction  is  to  be  measured,  it  will  be  best  to  have  the  patient  use 
the  solution  thrice  daily  for  three  or  four  days.  The  medicine  should  be  dropped 
into  the  outer  part  of  the  conjunctiva,  or  on  to  the  outer  part  of  the  cornea,  to 
prevent  leakage  into  the  nose  and  throat.  Atropin  solutions  should  be  marked  with 
a poison-label  and  kept  under  lock.  The  effect  of  atropin  begins  to  pass  off  at  the 
end  of  four  days,  and  is  completely  recovered  from  at  the  end  of  two  weeks.  While 
in  children  and  adults  rapid  dilation  of  the  pupil  follows  the  use  of  atropin  or 
homatropin,  in  infants  the  application  of  a mydriatic  is  often  locally  unsuccessful. 
Although  the  physiologic  effects  may  be  manifested  by  flushing  of  the  face,  dryness 
of  the  mouth,  and  accelerated  cardiac  action,  the  pupils  may  dilate  but  slightly  or 
not  at  all. 

Scopolamin  is  found  in  belladonna-root,  stramonium-seeds,  and  occasionally  in 
Duboisia  myoporoides.  It  is  a much  more  powerful  drug  than  atropin,  and  is  used 
in  solution  in  the  strength  of  0.1  to  0.2  of  1 per  cent.  In  children  and  feeble  persons 
solutions  of  the  strength  mentioned  may  cause  rapid  and  irregular  heart-action, 
staggering  gait,  dryness  of  the  throat,  and  somnolence.  The  effect  of  scopolamin 
begins  to  disappear  in  twelve  hours  and  is  entirely  absent  after  five  or  six  days. 

Homatropin  is  a derivative  of  atropin,  and  is  used  in  the  form  of  the  hydro- 
bromate.  It  is  much  weaker  than  the  mydriatics  just  mentioned,  and  its  cycloplegic 
action  is  less  reliable.  Nevertheless,  it  is  a valuable  agent.  It  is  used  in  a 2-  or 
2.5-per-cent,  solution.  To  be  efficient  its  use  must  be  forced.  A drop  is  placed  in 
the  eye  to  be  refracted  every  five  minutes  for  an  hour;  even  in  small  doses  it  produces 
conjunctival  irritation,  while  larger  amounts  will  give  rise  to  uveal  and  retinal 
disturbance  (Stewart  and  Oliver).  This  is  lessened  and  the  desired  action  of  the 
drug  is  assisted  by  the  simultaneous  use  of  a cocain  solution.  For  mak  ng  &n 
ophthalmoscopic  examination  a smaller  quantity  is  necessary.  The  advantage  of 
homatropin  is  that  its  effects  wear  off  sufficiently  in  twenty-four  or  thirty  hours  to 
permit  the  patient  to  resume  his  vocation.  Its  great  disadvantage  is  that  in  many 
cases,  used  in  non-irritative  amounts,  it  does  not  completely  paralyze  the  ciliary 
muscle.  As  a therapeutic  measure,  if  employed  alone,  it  is  within'  value  in  iritis 
and  iridochorioiditis.  It  may  cause  staggering  gait,  partial  coll'ps.  and  hallucina- 
tions, and  in  some  cases  prolonged  mydriasis. 

Cocain  produces  a transient  dilation  of  the  pupil  sufficient  for  the  use  of  the 
ophthalmoscope,  and  a slight  and  transient  paralysis  o the  ciliary  muscle. 

Duboisin  in  the  form  of  the  sulphate  is  usee'  in  the  strength  of  gr.  ss  to  3ij. 
Its  mydriatic  effect  diminishes  at  the  end  of  forty-eig^t  hours  and  is  entirely  absent 
at  the  end  of  a week.  As  a cycloplegic  it  is  much  stronger  than  atropin  and  its 
effects  disappear  more  rapidly. 

Hyoscin  and  Hyoscyamin  are  powerf  il  mydriatics.  They  are  said  to  possess 
marked  toxic  properties.  Risley  finds  hal  for  ophthalmic  purposes  only  the  pure 
crystals  of  hyoscyamin  are  to  be  used,  and  the  solution  should  be  strictly  neutral, 
filtered  through  neutral  paper.  The  solution  should  not  be  heated.  An  untoward 
effect  of  hyoscyamin,  used  in  >\ndue  strength,  is  the  production  of  ciliary  spasm 
causing  intense  pain.  The  pupil  is  widely  dilated,  but  the  ciliary  muscle  is  not  at 
rest.  Under  such  circumstances  the  use  of  atropin  will  relieve  the  pain  and  cause 
cycloplegia. 

Daturin  in  its  physiologic  action  is  very  much  like  atropin,  and  can  be  used 
interchangeably,  Ly  some  it  is  supposed  not  to  have  any  effect  on  the  secretion  of 
milk,  and  lienee  i is  used  by  them  in  nursing  women. 
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Mydrin  is  used  for  prompt  dilation  of  the  pupil  without  disturbing  the  ciliary 
muscle.  It  is  a white,  soluble  powder  composed  of  ephedrin  hydrochlorid  and  homat- 
ropin  hydrochlorid:  Hoo  part  of  the  latter  to  1 part  of  the  former.  A 10-per-cent, 
solution  promptly  dilates  the  pupil  and  has  little  or  no  effect  on  the  accommodation. 
At  the  end  of  thirty  minutes  the  pupil  is  widely  dilated,  and  in  from  four  to  six 
hours  the  effect  has  disappeared.  In  young  subjects  there  is  no  apparent  loss  of 
accommodation;  in  elderly  persons  there  is  often  a transient  ciliary  paresis.  It 
possesses  two  additional  advantages:  it  is  a time-saver  and  its  strength  is  long 
preserved. 

Euphthalmin  is  used  in  2-,  4-,  or  10-per-cent,  solution  for  ophthalmoscopic 
examination.  It  dilates  the  pupil  in  a half-hour,  and  its  effects  pass  off  in  ten  to 
twelve  hours.  It  causes  only  a slight  disturbance  of  vision. 

The  Use  of  Miotics. — The  agents  used  to  contract  the  pupil  are  eserin, 
physostigmin,  pilocarpin,  and  arecolin.  The  first  three  are  used  in  strength 
of  gr.  ss  to  ovj ; and  the  last  in  from  y2-  to  1-per-cent,  solutions.  Arecolin 
is  a valuable  miotic  for  general  use.  Eserin  may  produce  intoxication,  tonic 
convulsions,  hallucinations,  and  delirium,  particularly  in  aged  and  feeble 
persons. 

Ophthalmoscopy. — In  1851  Helmholtz  predicted  that  by  the  use  of 
the  ophthalmoscope  “all  the  pathologic  changes  in  the  retina  and  vitreous 
humor,  so  far  observed  only  in  the  cadaver,  can  be.  seen  in  the  living  eye : 
a fact  which  promises  great  progress  in  the  little-known  pathology  of  the 
organ.”  His  ophthalmoscope,  which  was  a very  simple  instrument,  con- 
sisting of  three  plates  of  thin  glass  fastened  together  anc7  n ounted  at  an 
angel  of  56°  on  a brass  disc,  has  undergone  numerous  modifications  and 
improvements.  These  have  embraced  all  types,  such  as  refraction,  binocular, 
auto-  and  even  demonstration  instruments.  Demonstration  ophthalmo- 
scopes are  useful  laboratory  instruments.  T homer’s  stationary  ophthal- 
moscope surpasses  other  instruments  of  its  clas3  in  the  combination  of  a 
large  field,  brightness  of  illumination,  and  absence  of  reflexes.  This  instru- 
ment is  particularly  valuable  in  that  the  ophthalmoscopic  picture  can  be 
made  visible  to  any  person. 

Description  of  the  Ophthalmoscope. — The  ophthalmoscope  prac- 
tically consists  of  a perforated  mirror  attached  to  a handle.  The  mirror 
presents  a circular  perforai  ion  it  its  centre,  and  is  mounted  on  a swivel  in 
order  that  it  may  be  turned.  The  mirror  need  not  be  large  for  direct  oph- 
thalmoscopy, since  the  useful  part  is  a small  area  surrounding  the  perfo- 
ration. The  sight-  lole  should  be  3 millimetres  in  diameter.  A small 
opening  is  more  useful  in  studying  the  fundus,  while  a larger  one  is  pre- 
ferred for  the  measurement  of  refraction.  When  the  examiner  and  the 
patient  are  emmetropic,  such  a simple  ophthalmoscope  answers  admirably 
for  the  examination  of  the  fundus.  In  many  cases,  however,  it  is  necessary 
to  pla; e i lens  behind  the  mirror  in  order  to  correct  the  patient’s  refraction. 
It  is  assumed  that  the  surgeon  is  emmetropic;  if  not,  he  should  wear  suit- 
able glasses.  For  the  purpose  of  carrying  a number  of  lenses  in  a small 
space,  rotating  discs,  which  enable  the  surgeon  to  increase  or  decrease  the 
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lens-strength  rapidly,  have  been  designed.  In  this  manner  the  myopia  or 
hypermetropia  of  the  patient  can  be  rapidly  corrected,  the  range  of  the 
lenses  usually  running  from’  0.25  D.  to  23  D.  Such  instruments  are  called 
refraction  ophthalmoscopes.  Accompanying  the  instrument  is  a double 
convex  lens  of  from  13  D.  to  20  D.  strength,  for  use  in  indirect  ophthal- 


moscopy and  to  obtain  oblique  illumination.  This  lens  should  measure 
2 1/2  inches  in  diameter  and  should  be  supplied  with  a handle. 

Every  teacher  of  ophthalmology  is  often  requested  by  students  to 
specify  his  choice  of  ophthalmoscopes.  It  is  perhaps  unnecessary  to  say 
that  all  of  the  instruments  on  the  market  are  useful  and  that  good  woik 
can  be  done  with  any  of  them.  The  instrument  of  Loring  is  deservedly 
popular  in  this  country  and  that  of  Morton  is  much  used  in  Great  Britain 


Fig.  118. — Loring’s  ophthalmoscope. 

(D  V.  Buown,  Ph A- lo.  ?hia.) 


Excellent  instruments  have  been  devised  by  Couper,  Harlan,  Jackson, 
Knauer,  Knapp,  Landolt,  May,  Pyle,  Randall,  Snell,  and  others.  Detailed 
accounts  of  these  ophthalmoscopes  can  be  found  in  the  catalogues  of  the 
instrument-makers. 

Methods  of  Use  -Not  all  of  the  light  entering  the  pupil  is  absorbed 
by  the  chorioidal  pigment;  a certain  amount  returns  from  the  eye.  If  the 
examiner’s  eye  is  placed  in  the  same  position  as  that  occupied  by  the  source 
of  illumination  or  immediately  behind  it,  the  interior  of  the  eye. becomes 
visible.  This  is  the  principle  of  the  ophthalmoscope.  A mirror  in  which 
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a hole  is  cut  is  brought  in  front  of  the  eye.  The  mirror,  gathering  rays 
of  light  from  a point  of  illumination,  becomes  a secondary  source  of  lio-ht 
Which  is  projected  into  the  dilated  pupil.  The  observer’s  eye,  placed  behind 
the  mirror,  receives  these  rays  from  the  patient’s  eye. 

There  are  two  methods : the  direct  and  the  indirect.  In  the  former 
the  surgeon  places  his  eye  close  to  the  patient’s  eye  and  looks  directly  upon 


the  much  enlarged  and  upright  details  of  the  interior  of  the  observed  eye. 
In  the  latter  he  has  the  patient  removed  an  arm’s  length,  and  usually  a 
convex  lens  is  placed  between  the  patient’s  eye  and  the  examiner’s  mirror 
The  image  obtained  by  this  method  is  inverted  and  in  the  air  As  the 
direct  method  gives  a larger  magnification,  it  shows  a smaller  part  of  the 


undus  at  one  time;  if  is  valuable  for  the  study  of  minute  changes  and  for 
• e practical  estimation  of  refraction.  By  the  indirect  method  the  portions 
seen  are  less  magnified,  and  hence  include  a larger  area.  This  plan  is  the 
better  for  obtaining  a general  idea  of  the  condition  of  the  fundus  with  the 
location  of  any  lesions.  Refraction  estimated  by  this  method  is  both  a 
complicated  and  an  uncertain  procedure. 

T!ie  method  is  exPlainwl  in  Kg.  119.  Light  from  L is  collected 
b)  me  ophthalmoscope,  00,  and  reflected  into  the  patient’s  eye.  It  forms 
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an  illuminated  spot  at  oo.  From  this,  rays  pass  to  the  retina  of  the  examiner 
at  8.  These  rays,  coming  to  a focus  in  the  vitreous  humor  at  F , diverge 
to  form  an  image  which  extends  from  T to  T . 

Fig.  120  explains  the  indirect  method.  Rays  from  the  lamp,  L}  are 
reflected  by  the  concave*  mirror,  Oph,  and  brought  to  a focus  at  Z.  Those 
rays  diverging  from  Z are  made  parallel  by  a convex  lens  (Lens).  The 
rays  are  brought  to  a focus  on  the  retina  by  the  dioptric  arrangement  of 
the  examined  eye.  The  rays  emerging  from  the  patient’s  eye  follow  the 
same  path  and  will  come  to  a focus  at  Z . At  this  point  (Z)  the  examiner 
will  see  an  inverted  aerial  image. 

The  Room  and  Light. — Although  many  do  not  deem  it  necessary, 
the  room  in  which  the  ophthalmoscopic  examination  is  to  be  made  should 


Fig.  121. — Relative  positions  in  direct  ophthalmoscopy 

be  entirely  dark.  The  light  is  preferably  obtained  from  an  t rgand  burner 
or  a frosted  electric  bulb,  and  should  be  steady  and  clear.  The  burner 
should  be  mounted,  on  a bracket  permitting  universal  movements. 

Position  of  Examiner  and  Patient.- -In  using  the  direct  method 
the  surgeon  should  approach  as  closely  as*  possible  to  the  eye  of  the  patient. 
The  surgeon  uses  his  right  eye  to  examine  tl  e patient’s  tight.  The  source 
of  illumination  must  be  on  the  same  aide  as  the  eye  to  be  examined,  and 
on  a level  with  it.  The  mirror  of  the  ophthalmoscope  should  be  tilted  so 
as  to  face  the  light.  The  patient  is  told  to  look  straight  ahead,  keeping 
both  eyes  open  and  fixing  a distant  object  on  the  wall  in  front  of  him,  and 
holding  his  eyes  still.  The  surgeon  should  then  place  the  ophthalmoscope 
in  such  a position  that  iu  central  opening  will  coincide  with  the  pupil  of 
the  eye  to  be  examined.  The  proper  position  of  the  patient,  surgeon,  and' 
the  ophthalmoscope  am  shown  in  Fig.  121. 

The  surgeon  should  see  the  red  fundus  reflex,  and,  if  the  refractive 
media  are  clear  he  should  by  proper  focusing  be  able  to  find  the  arteries, 
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veins,  macula,  and  optic  disc.  If  the  surgeon  lias  an  error  of  refraction 
he  should  wear  his  correcting  lenses;  the  patient’s  error  can  be  corrected 
by  means  of  a lens  placed  behind  the  ophthalmoscope.  Both  the  patient 
and  the  surgeon  should  keep  both  eyes  open.  The  patient  should  not  look 
directly  into  the  mirror,  since  this  will  cause  the  pupil  to  contract,  in  case 
a mydriatic  has  not  been  used.  The  surgeon  should  learn  to  lay  aside  his 
accommodation,  and  this  is  an  art  that  comes  only  with  practice.  The  tyro 
will  look  at  the  fundus  as  at  an  object  very  close,  while  the  experienced 
oph tha lm oscopi s t will  view  it  as  if  it  were  far  distant.  The  patient’s 
accommodation  should  be  kept  in  abeyance  either  by  the  use  of  a cycloplegic 
or  by  gazing  at  a distant  object. 

In  using  the  indirect  method,  the  surgeon  is  to  hold  the  mirror  with 
the  right  hand  at  50  centimetres  from  the  patient’s  right  eye,  while  the 


Fig.  122. — Indirect  ophthalmoscopy 


strong  convex  lens  is  placed  in  his  left  hand  (Fig.  122).  When  the  left 
eye  is  being  looked  at,  the  surgeon  should  ose  his  left  eye  and  left  hand. 
To  see  the  head  of  the  nerve  the  patien , should  turn  the  eye  slightly  toward 
his  nose.  The  macula  can  be  brought  into  view  by  having  the  patient  look 
directly  at  the  mirror.  The  peripheral  parts  of  the  retina  can  be  examined 
by  rotating  the  eye  peripherally,  if  the  view  of  the  fundus  is»  not  clear, 
it  can  be  made  so  by  the  use  ( f a strong  convex  lens.  Beflexes  from  the 
cornea  and  lens  are  often  complained  of  by  the  examiner.  They  can  be 
eliminated  by  tilting  the  mirror,  by  changing  the  position  of  the  lens,  or 
by  altering  the  situation  of  the  light. 

The  Size  of  the  Ophthalmoscopic  Image  varies  with  the  conditions 
under  which  the  methods  are  employed,  and  with  the  refraction  of  the  two 
eyes.  The  magnification  of  the  details  of  an  emmetropic  eye  examined  by 
direct  onMhalmoscopy  is  about  seventeen  times  that  of  normal.  In  hyper- 
metropia  it  is  less;  in  myopia  it  is  greater.  A plane  mirror  gives  a larger, 
but  less  brightly  illuminated,  image  than  the  concave  one. 

Uses  of  the  Ophthalmoscope. — The  ophthalmoscope  is  used:  (1) 
to  detect  opacities  in  the  dioptric  media,  (2)  to  study  the  fundus,  (3)  to 


determine  the  refraction,  and  (4)  to  demonstrate  differences  of  level  in  the 
fundus. 

To  Detect  Opacities  the  concave  mirror  of  the  ophthalmoscope  is  used. 
The  opacity  appears  as  a dark  cloud  or  black  spot  on  the  red  background. 
Any  spot  appearing  black  by  this  method  of  examination  looks  white  or 
gray  by  oblique  illumination,  for  this  reason : rays  of  light  from  the  fundus, 
falling  on  an  opacity  from  behind,  are  returned  unseen  by  the  surgeon; 
and,  in  oblique  illumination,  rays  of  light  striking  an  opacity  from  in  front 
do  not  reach  the  retina,  but  are  reflected  into  the  eye  of  the  examiner. 
To  locate  5m  opacity  it  should  be  remembered  that  opacities  in  the  cornea 
and  lens  are  immovable,  while  vitreous  opacities  are  generally  floating,  but 
in  rare  instances  may  be  fixed.  Hence,  after  moving  the  eye,  vitreous  opaci- 


Fig.  123. — Localization  of  opacities  in  the  lens  and  cornea.  (Fick.) 

ties  float,  while  corneal  and  lenticular  ones  are  stationary  In  many  cases 
an  opacity  can  be  localized  by  oblique  illumination.  T 0 disti  iguish  between 
an  opacity  in  the  cornea  and  one  in  the  anterior  or  posterior  part  of  the 
lens,  it  is  often  necessary  to  use  parallactic  d’sp'acement.  This  can  be 
understood  by  reference  to  Fig.  123,  in  which  the  points,  a,  b,  and  c,  repre- 
sent, respectively,  opacities  in  the  cornea,  anterior  and  posterior  parts  of 
the  lens.  If  the  surgeon  looks  at  the  eye  in  the  direction  of  the  optic  axis, 
he  sees  only  one  opacity,  as  shown  ’’n  the  upper  figure.  If,  however,  the 
patient  looks  downward,  all  of  the  opacities  are  seen,  that  of  the  posterior 
part  of  the  lens  being  highest,  that  of  the  anterior  part  of  the  lens  in  the 
middle,  and  the  corneal  opacity  lowest.  An  apparent  movement  upward 
when  the  eye  is  actually  turned  downward  proves  that  the  opacity  is  behind 
the  plane  of  the  iris,  in  apparent  movement  in  the  same  direction  as  the 
actual  movement  of  the  eye  shows  the  opacity  to  be  located  in  front  of  tbe 
plane  of  the  pupil.  1 f the  patient’s  eye  is  held  still  and  the  surgeon  moves, 
the  opposite  is’ '.me,  opacities  in  front  of  the  pupil  seemingly  moving  in 
the  opposite  d rection,  while  those  behind  the  iris  move  in  the  same  direc- 
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tion.  Finally,  any  opacity  which  is  found  is  to  be  inspected  at  close  range 
by  using  a strong  convex  lens  behind  the  ophthalmoscope.  Besides  its  use 
m finding  opacities,  the  ophthalmoscope,  used  as  described  above,  readily 
detects  a tear  in  the  iris  or  the  existence  of  a partial  dislocation  of  the  lens. 

Examination  of  the  Fundus. — The  media  being  clear,  the  surgeon  pro- 
ceeds to  examine  the  fundus,  a description  of  which  is  found  in  Chapter  II. 
It  will  be  well  to  use  tbe  indirect  method  first,  thus  gaining  a general  idea 
of  the  state  of  the  eye.  The  surgeon  sits  about  40  centimetres  from  the 
patient,  illuminates  the  pupil  with  light  reflected  from  the  mirror,  inter- 
poses the  convex  glass  in  the  path  of  luminous  rays,  and  searches  for  the 
head  of  the  optic  nerve.  The  lens  must  be  held  squarelv  in  front  of  the 
eye;  otherwise  the  fundus  will  appear  distorted.  To  find  the  optic  disc, 
in  examining  the  right  eye,  the  patient  should  look  in  the  direction  of  the 
surgeon’s  right  ear.  After  studying  the  disc  for  pathologic  changes  the 
vessels,  the  macula,  and  the  peripheral  parts  of  the  retina  are  passed  in 
review.  The  fundus  is  next  to  be  examined  minutely  by  the  direct  method. 
Inability  to  see  the  details  of  the  fundus  clearly  will  suggest  the  presence 
of  an  error  of  refraction  too  great  for  the  accommodation  to  overcome. 

The  Ophthalmoscope  as  a Refractometer. — Used  as  a refractomtter, 
the  ophthalmoscope  is  employed  for  two  purposes:  to  determine  the  nature 
of  an  error  of  refraction  and  its  amount.  The  former  is  accomplished  by 
holding  the  mirror  at  from  30  to  50  centimetres  from  the  eye  to  be  exam- 
ined. The  surgeon  illuminates  the  eye,  looks  through  the  mirror,  and  seeks 
for  vessels.  If  any  are  seen,  the  eye  is  ametropic.  To  d rie  -mine  the  nature 
of  the  error  the  surgeon  has  only  to  move  his  heal  from  side  to  side  and 
watch  the  movement  of  the  vessels.  If  they  move  apparently  in  the  same 
direction  as  the  surgeon’s  movement,  the  eye  is  Lvpermetropic;  if  opposite 
it  is  hypometropic  (myopic). 

In  the  hands  of  experts  the  ophthalmoscope  can  be  used  to  determine 
the  amount  of  refraction  errors.  Either  the  direct  or  indirect  method  may 
be  employed,  although  the  former  it  rrererred  as  the  simpler  procedure. 
In  the  remarks  to  follow  reference  will  be  made  alone  to  the  direct  method 
In  order  to  measure  refraction  with  the  ophthalmoscope,  several  conditions 
must  be  complied  with : — 

1.  The  accommodation  of  both  patient  and  surgeon  must  be  relaxed. 

2.  A particular  pari  of  the  fundus  must  be  selected  to  be  refracted. 

3.  The  surgeon  must  be  emmetropic ; if  ametropic,  his  error  must  be 
corrected. 

4.  The  surgeon  should  approach  as  closely  as  possible  to  the  eye  to 
be  refracted. 

5.  findings  of  the  ophthalmoscope  must  be  confirmed  by  other 
test*  before  tne  surgeon  prescribes  for  the  patient. 

l\  ^Pl^ation  of  these  rules  it  is  necessary  to  state  that  the  accom- 
r location  of.  the  patient  is  usually  relaxed  by  the  use  of  a cycloplegic  or 
bv  having  him  look  at  a distant  object,  while  the  art  of  holding  his  own 
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accommodation  in  abeyance  comes  to  the  surgeon  after  long  practice.  In 
selecting  a part  of  the  fundus  to  be  refracted,  it  is  customary  to  choose 
either  the  optic  disc  or,  preferably,  one  of  the  vessels  at  the  temporal  side 
of  the  disc  near  the  macula.  The  surgeon  should  approach  a point  13 
millimetres  in  front  of  the  cornea,  this  being  the  anterior  focal  point  of 
the  eye.  If  a greater  distance  is  chosen,  it  will  be  necessary  to  subtract  the 
distance  from  the  glass  to  the  cornea  from  the  lens  selected  to  correct  hyper- 
metropia,  and  add  it  to  the  correction  for  hypometropia  (myopia). 


Fig.  124. — Ophthalmoscopy  .in  emmetropia. 

The  eye  of  the  examiner,  E,  and  of  the  patient,  T,  are  normal  in  refraction. 

In  case  an  emmetropic  eye  examines  another  eye  which  is  emmetropic, 
the  image  will  appear  clear  and  distinct,  because  rays  coming  from  the 
normal  eye  are  parallel.  In  Fig.  124  the  examiner,  E,  looks  into  the 
emmetropic  eye  of  the  patient,  T;  and  a clear  image  of  St  will  be  formed 
at  Mo  on  the  retina  of  the  examiner.  If,  however,  the  surgeon  does  not 
obtain  a clear  image  of  the  fundus,  it  will  be  in  order  for  him  to  p.ac"1  a 
convex  glass  behind  the  mirror. 

If  this  improves  the  picture  of  the  fundus,  the  surgeon  increases  the 


Fig.  125. — Measurement  of  hypermetropia  by  airect  ophthalmoscopy. 


strength  of  the  glass  until  he  obtains  *hc  strongest  convex  lens  through 
which  the  details  of  the  fundus  can  be  obtained.  This  glass  is  the  measure 
of  the  patient’s  hypermetropia.  Ophthalmoscopy  under  these  conditions 
is  explained  by  Fig.  125,  in  which  rays  coming  from  the  retina  of  the 
hypermetropic  eye,  II,  appear  is  if  coming  from  a more  remote  point,  I, 
behind  the  eye.  The  convex  lens  renders  the  divergent  rays  parallel,  and 
they  are  brought  to  a focus  at  C on  the  retina  of  the  examiner. 

If  the  surgeor.  finds  that  his  view  of  the  fundus  is  made  more  dim,  by 
the  convex  glass,  .ie  should  move  the  disc  and  place  a concave  lens  behind 
the  mirror.  T ie  weakest  concave  glass  with  which  the  details  of  the  fundus 
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can  be  recognized  is  the  measure  of  the  patient’s  hypometropia  (myopia). 
Possibly  the  surgeon  will  be  able  still  to  see  the  fundus  through  a glass  1 
or  2 D.  stronger;  but  he  does  so  only  by  calling  his  accommodation  into 
play.  Pays  emerging  from  the  myopic  eye  are  so  convergent  that  they 
would  meet  at  the  punctum  remotum,  C (Fig.  126).  The  concave  lens 
renders  them  parallel,  and  they  fall  on  the  emmetropic  eye  of  the  surgeon 
to  form  a focus  at  s. 

The  application  of  ophthalmoscopy  to  astigmatism  comprises,  first, 
the  diagnosis  of  astigmatism,  and,  second,  its  measurement.  For  these 
purposes  the  direct  method  is  preferred.  If  the  surgeon  examines  an  astig- 
matic eye,  he  will  observe  that  the  picture  is  blurred  in  parts;  when  vessels 
running  vertically  are  in  focus,  those  taking  a horizontal  course  are  blurred, 
and  vice  versa.  Much  stress  is  laid  upon  the  shape  of  the  optic  disc  as 
characteristic  of  astigmatism,  the  round  disc  of  the  normal  eye  being  seen 
apparently  oval  in  astigmatism.  It  is  unwise,  however,  to  depend  on  this. 
A better  criterion  is  that  afforded  by  the  ability  of  the  surgeon  to  see  all 
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Fig.  12G.  Measurement  of  hypometropia  (myopia)  hy  direct 
ophthalmoscopy. 


parts  of  the  disc  clearly  at  the  same  time.  In  astigmatism  this  will  be 
impossible;  when  the  temporal  and  nasal  sides  of  the  disc  are  clear,  the 
upper  and  lower  borders  are  out  of  focus  in  th  * a,  tigmatic  eye.  The  differ- 
ences produced  in  the  retinal  picture  by  irregularity  of  curvature  of  the 
lens  or  cornea  will  enable  the  surgeon  to  measure  the  defect  by  direct  use 
of  the  ophthalmoscope.  The  retinal  vessels  are  taken  as  the  objective  points 
in  the  examination.  It  is  to  be  remembered  that  horizontal  lines  or  vessels 
are  seen  through  the  vertical  meridian  of  the  cornea  and  vertical  lines  or 
ressels  are  seen  through  tie  horizontal  meridian.  Remembrance  of  this 
simplifies  the  problem  which,  in  truth,  is  the  measurement  of  the  hvper- 
metropia  or  hypometropia  (myopia)  of  each  of  the  principal  meridians, 
the  difference  between  rhese  findings  constituting  the  astigmatism.  If, 
for  example,  the  surgeon  sees  the  vertical  vessels  clearly  with  a weak  concave 
lens  (2D.)  and  the  horizontal  vessels  are  clear  only  after  the  interposition 
of  a convex  g'acs  of  4 D.,  it  follows  that  the  case  is  one  of  mixed  astig- 
matism (mvopia  of  2 D.  in  the  horizontal  and  hvpermetropia  of  4 D.  in 
the  vertical  meridian).  If  the  horizontal  vessels  are  clear  without  any 
glass,  and  the  vertical  ones  are  seen  best  with  a convex  1 D.,  there  is  simple 
hypermetropic  astigmatism  of  1 D.  Should  the  vessels  in  one  principal 
meridian  be  clear  only  with  a + 2 D.  lens  and  those  in  the  other  principal 
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meridian  require  a + 3 D.  glass,  the  ease  is  one  of  compound  hypermetropic 
astigmatism.  In  the  estimation  of  refraction  by  ophthalmoscopy  the  meas- 
ure of  error  is  the  weakest  concave  lens  and  the  strongest  convex  one  which 
renders  the  vessels  clear. 

In  conclusion  it  must  be  said  that  the  estimation  of  refraction  by  the 
ophthalmoscope  is  unreliable,  except  in  the  hands  of  a few  experts,  and  that 
in  all  cases  the  findings  by  this  method  should  be  confirmed  by  retinoscopy, 
keratometry,  and  the  use  of  the  trial-case. 

The  Determination  of  Differences  of  Level  in  the  Fundus,  which  is  of 
practical  value  in  the  swelling  of  the  nerve-head  occurring  in  optic  neuritis 
and  its  excavation  in  glaucoma,  may  be  accomplished  in  one  of  two  ways: 
by  the  phenomenon  of  parallax  or  by  the  measurement  of  the  refraction  of 
two  points  occupying  different  elevations.  Parallactic  displacement  is  pro- 


oo 

Fig.  127. — Diagram  to  show  parallactic  displacement  in 


indirect  ophthalmoscopy. 

duced  by  moving  the  convex  lens  in  indirect  ophthalmosc  op By  shifting 
the  lens  it  is  noticed  that  two  observed  parts  of  the  fundus  image  move  at 
unequal  rates  in  case  a difference  of  level  exists.  Thus,  in  a glaucomatous 
excavation,  the  vessels  climbing  over  the  edge  of  the  optic  disc  will  move 
faster  and  in  front  of  those  in  the  bottom  of  he  '.up.  In  case  a projection 
of  the  nerve-head  occurs,  as  in  papillitis  and  in  intra-ocular  tumor,  the 
same  phenomenon  will  be  observed.  Appreciation  of  parallactic  displace- 
ment may  be  facilitated'  by  study  of  Fig*.  127.  Here  a glaucomatous  ex- 
cavation of  the  nerve-head  reaches  from  o to  s.  When  the  convex  glass 
is  placed  at  B,  the  points  o to  s ase  in  line,  and  the  idea  of  depth  does 
not  obtain,  since  one  point  covers  the  other.  If,  however,  the  lens  is  dis- 
placed to  C,  it  will  be  obstr^  ^d  that  the  image  of  the  point  o is  reproduced 
at  oo  and  that  of  s is  li  revise  reproduced  at  ss;  and  the  points  seem 
to  have  separated,  o moving  more  rapidly  than  s . 

In  order  to  measure  elevations  and  depressions  of  the  fundus  by  oph- 
thalmoscopy it  s .necessary  to  proceed  as  in  the  measurement  of  errors  of 
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refraction : the  glass  is  found  which  brings  the  depth  of  an  excavation  into 
focus  and  then  it  is  ascertained  what  glass  will  clear  the  image  of  the  parts 
normally  situated.  The  difference  expressed  in  dioptres  and  multiplied  by 
0.3  will  give  the  depth  of  the  excavation  in  millimetres.  For  example,  let 
it  be  supposed  that,  in  a case  of  glaucomatous  cupping,  the  depth,  of  the 
excavation  is  in  focus  with  a — 5 D.  glass,  and  the  margin  of  the  disc 
and  adjacent  retina  are  best  seen  with  +1  D.,  a difference  of  6 D.  The 
depth  of  the  excavation  is  1.8  millimetres.  In  the  same  manner  a swelling 
of  the  nerve-head  can  be  measured. 

The  Hydrophthalmoscope . — Instruments  for  the  examination  of  the  eye 
under  water  date  from  1851,  but  did  not  come  into  general  use.  Recently 
(1910)  Batten  has  invented  a hydrophthalmoscope  which  is  said  to  be  useful 
in  cases  where,  owing  to  changes  in  the  cornea,  iris,  media,  or  fundus,  an 
ordinary  ophthalmoscopic  examination  is  difficult.  In  glaucoma,  high 


F 

Fig.  128. — Diagram  to  explain  retinoscopy  with  the  -*oncave 
mirror.  (After  Landolt.) 


myopia,  keratoconus,  and  intra-ocular  tumors  die  hydrophthalmoscope  is 
of  value. 

The  Fundus  Reflex  Test. — If  light  he  Birown  into  the  eye  by  a mirror, 
and  the  mirror  be  slightly  tilted  while  the  surgeon  is  looking  through  it, 
a shadow  will  be  seen  passing  across  the  p lpillary  area.  The  direction  and 
rapidity  of  movement  of  the  shadow  nre  indicative  of  the  kind  of  refraction 
error  and  its  amount.  A rapidly  moving  shadow  means  a small  error;  a 
slowly  moving  one  means  a considerable  or  large  degree  of  ametropia.  The 
direction  in  which  the  shadow  moves  tells  the  skilled  observer  the  kind  of 
error;  and  the  direction  of  movement  depends  on  whether  a concave  or  a 
plane  mirror  is  employed.  Retinoscopy  (skiascopy,  the  shadow  test,  koros- 
copy,  keratoscopy,  popilloscopy)  is  the  determination  of  the  refraction  by 
the  observation  of  the  shadow  -which  results  from  reflecting  light  into  the 
eye  by  a mirror.  In  describing  this  test  ophthalmic  writers  use  the  terms 
“area  of  iight,”  “the  illuminated  area,”  and  “the  illumination”  synony- 
mous1 vr ; wi  ile  the  terms  “shadow”  or  “shade”  mean  practically  the  same 
thing,  since  the  “shadow”  is  simply  the  place  where  the  illuminated  area 
ceases  and  darkness  begins.  It  is  not  meant  that  the  shadow  of  any  object 
is  thrown  on  the  retina. 
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In  practical  value  this  test  is  not  surpassed  by  any.  Being  an  objective 
test,  it  is  of  the  greatest  importance  in  the  young,  the  deaf  and  dumb,  the 
illiterate,  among  malingerers  and  plaintiffs  seeking  damages,  and  in  all  other 
cases  of  refraction  error.  By  its  use  not  only  can  myopia  and  hyperme- 
tropia  be  measured  accurately,  but  it  also  enables  the  surgeon  to  measure 
the  amount  of  astigmatism  and  determine  the  direction  of  the  principal 
meridians. 

The  principle  of  retinoscopy  is  the  finding  of  the  point  of  reversal,  or 
far  point,  of  a myopic  eye.  When  the  myopic  eye  is  examined  by  directl 
ophthalmoscopy  an  erect  image  is  seen;  at  some  distance  from  the  eye  an 
inverted  aerial  image  appears,  which  is  formed  at  the  conjugate  focus,  or 
far  point,  of  the  eye.  It  is  here  that  the  erect  changes  into  the  inverted 
image.  Betinoscopv  is  a method  of  determining  this  point  of  reversal. 
Emmetropic  and  hypermetropic  eyes  are  to  be  given  an  artificial  myopic 
far  point  by  the  addition  of  a convex  spheric  lens. 

The  changes  occurring  in  an  eye  examined  with  a concave  mirror  have 
been  explained  by  Landolt. 

In  Fig.  128  the  surgeon,  0 , examines  the  eye  of  the  patient,  P , by 
the  concave  mirror,  M,  the  source  of  illumination  being  at  F.  The  mirror 
produces  a real  inverted  image  of  the  flame  at  ff,  which  becomes  the  actual 
source  of  illumination.  The  observed  eye  receives  a retinal  image,  s , of  ff, 
and,  regardless  of  its  refractive  condition,  the  image  is  inverted  relatively 
to  the  object.  The  image  will  be  more  or  less  distinct  according  to  the 
refraction.  If  the  image  is  inverted  its  movements  also  are  inverted  rela- 
tively to  those  made  by  the  object.  If  the  mirror  is  rotated  from,  right  to 
left,  the  real  image,  ff,  passes  from  right  to  left  also,  while  the  retinal 
image,  s,  moves  from  left  to  right.  It  can  be  easily  demons!  "a+ed  that, 
regardless  of  the  refraction  of  the  examined  eye,  the  image  of  the  flame 
which  illuminates  the  fundus  always  moves  opposite  to  the  motion  of  the 
concave  mirror. 

However,  the  illuminated  part  of  the  fundus  Ht^omes  the  object  for 
the  surgeon’s  eye;  and  this  fact,  subject  to  tbQ  law  of  conjugate  foci  that 
the  image  can  replace  the  object  and  the  object  take  the  place  of  the  image, 
lies  at  the  basis  of  retinoscopy,  for  the  retma  and  far  point  of  the  eye  are 
conjugate  foci,  images  being  formed  at  either  according  to  the  refraction 
of  the  eye  examined.  If  the  eye  is  myopic  1 D.,  its  far  point  is  at  1 metre, 
and  this  is  the  point  of  reversal,  it  the  eye  of  the  patient  is  emmetropic 
or  hypermetropic,  rays  coming  from  it  are  not  brought  to  a focus,  unless 
on  the  retina  of  the  surgeon’s  eve.  Hence;  the  surgeon  sees  the  fundus  in 
the  erect  image,  and  the  ocular  lustre  moves  in  the  same  direction  with  the 
image  of  the  flame  at  ihe  furdus  of  the  eye,  P:  i.e.,  opposite  the  movement 
of  the  mirror.  Wirt]  the  myopic  eye,  however,  the  case  is  different.  Let 
us  suppose  that  P 1:  a myopic  eye  whose  far  point  is  in  the  plane  of  P. 
When  such  an  *ye  is  examined  with  the  concave  mirror,  an  inverted  image 

of  s appears  rt  R,  the  inversion  being  produced  by  the  dioptric  media  of 
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the  eye.  It,  therefore,  lias  the  same  direction  as  ff,  and,  of  course,  undergoes 
the  same  movements.  If  ff  moves  with  the  mirror  from  right  to  left,  and  s 
from  left  to  right,  then  R moves  from  right  to  left.  It  is  evident  that  s is 
simply  the  illuminated  part  of  the  fundus  which  the  surgeon  observes  in 
the  patient’s  pupil.  The  pupil  is  seen  in  its  real  position,  while  the  fundus 
appears  inverted.  If  the  mirror  which  illuminates  the  eve  passes  from 
right  to  left,  the  pupil  is  lighted  up  likewise  from  right  to  left,  although, 
in  reality,  the  light  passes  from  left  to  right  at  the  fundus  of  the  examined 
eye.  Hence  in  myopia  the  shadow  moves  in  the  same  direction  as  the 
concave  mirror.  This,  however,  is  true  only  when  the  surgeon  is  at  a certain 
distance.  If  the  surgeon  approaches  P closely  enough  to  intercept  rays 
before  they  reach  their  focus,  as  occurs  when  0 is  between  R and  P,  tiie 
inverted  image  is  not  formed  in  the  air  in  front  of  the  surgeon,  but  only 
in  his  eye,  as  in  emmetropia  or  hypermetropia.  In  this  case  the  shadow 


Fig.  129. — Retinoscopy  mirroi 


would  move  the  same  in  myopia  as  in  emmetropia  c.nd  hypermetropia.  Con- 
sequently the  refractive  condition  cannot  be  diagnosed  at  the  first  glance 
hy  retinoscopy.  If  the  surgeon  is  1 metre  from  P,  the  inverted  image 
cannot  be  seen  unless  the  myopia  of  P is  more  than  ID.  If  the  surgeon 
is  slightly  more  than  1 metre  from  7’  and  che  examined  eye  shows  a general 
illumination  without  any  movem°n4'  of  a shadow,  we  know  there  is  myopia 
of  1 D.  If  the  shadow  move&  rapidly  against  the  mirror  when  P is  exam- 
ined, and  after  adding  a -+  1 D.  lens  the  shadow  does  not  move,  but  the 
whole  pupil  is  brilliant,  vre  have  to  deal  with  emmetropia.  If  a convex  4 
D.  lens  is  needed  to  produce  such  a result,  we  know  the  amount  of  hyper- 
metropia is  4 D.  1 D.  = 3 D.  If  a concave  4 D.  lens  is  required,  the 
amount  of  myopia  is  4 D.  -f-  1 D.  = 5 D. 

Thus  wo  have  seen  what  is  the  real  movement  of  the  light  on  the  fundus, 
and  this  can  bu  demonstrated  in  an  enucleated  eye;  however,  it  is  not  this, 
but  the  apparent  movement,  with  which  the  surgeon  is  concerned.  With 
the  concave  mirror  the  apparent  movement  in  the  pupil  is  the  same  as  the 
icrl  movement  in  the  fundus  in  emmetropia,  low  myopia,  and  hyper- 
metropia. In  myopia  of  more  than  1 D.  it  is  the  opposite:  i.e.,  with  the 
mirror. 
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In  using  this  test  the  surgeon  should  wear  his  correcting  glasses,  if  he 
be  ametropie.  He  need  not  give  attention  to  his  accommodation,  but  should 
keep  both  eyes  open  and  observe  closely  the  movement  of  the  shadow.  The 
patient’s  accommodation,  however,  must  be  eliminated  by  means  of  a reliable 
cycloplegic.  To  refract  the  macula,  the  patient  should  look  at  the  sight- 


Fig.  130. — Thorington’s  light-screen  with  iris-diaphragm. 

hole  of  the  mirror.  The  instruments  needed  for  retinoscopy  are  a co  ica\3 
mirror  of  2 centimetres’  diameter  and  25  centimetres’  focus,  with  a circular 
central  perforation  2 millimetres  in  diameter;  a movable  gas-bracket  with 
an  Argand  burner;  an  asbestos  chimney  with  iris-diaphragm  (l;g.  130)  ; 


Fig.  131. — Movement  of  Hie  shadow  in  myopia. 

The  concave  mirror  is  used.  The  an  -*w  at  the  right  shows  the  direction  in 
which  the  mirror  is  moved,  and  thv  vhuQ.  arrow  marks  the  direction  of  movement 
of  the  shadow.  The  shadow  mcve.  with  the  mirror. 

a trial-frame  and  box  of  tml-lenses;  and  a room  that  is  perfectly  dark. 
The  remarks  to  follow  concern  retinoscopy  with  the  concave  mirror. 

The  light  is  to  W placed  above  and  behind  the  patient’s  head,  the  sur- 
geon sitting  1 met1*0  from  and  directly  in  front  of  the  patient.  Light  from 
the  mirror  is  to  lq  thrown  on  to  the  eye  to  be  examined.  The  surgeon, 
looking  through  the  mirror,  moves  it  slightly  in  a vertical,  then  in  a hori- 
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zontal,  direction,  and  notes  the  movement  of  the  shadow.  With  the  concave 
mirror  the  shadow  moves  with  the  mirror  in  myopia  greater  than  1 D.,  and 
against  the  mirror  in  emmetropia,  hypermetropia,  or  low  myopia.  Let  ns 
suppose  that  the  shadow  moves  slowly  against  the  mirror.  This  means  that 
the  case  is  one  of  hypermetropia  of  considerable  amount.  The  trial-frame 
is  adjusted  and  the  eye  not  under  examination  is  covered  with  an  obturator. 
The  patient  is  told  to  look  at  the  surgeon’s  forehead;  a convex  glass  (+4 
D.)  is  placed  in  the  trial-frame  and  the  shadow  is  now  found  to  move  more 
rapidly  against  the  mirror.  Tliis  means  that  part  of  the  hypermetropia  has 
been  corrected.  A stronger  convex  glass  (+  5 D.)  is  added,  which  gives 
not  only  no  motion  against,  but  a slight  movement  with,  the  mirror.  This 
glass  is  the  measure  of  the  hypermetropia  plus  the  algebraic  quantity  — 1 
D.?  which  must  be  added  because  the  surgeon  is  distant  1 metre.  Hence, 
the  true  amount  of  hypermetropia  in  this  case  is  (+5  D.  — 1 D.  = -f  4 
D.)  4 D.  If  the  surgeon  sits  2 metres  distant,  the  algebraic  quantity  — 0.50 


Fig.  132. — Movement  of  the  shadow  in  emiiioti  opia,  low 
myopia,  and  hypermetropia. 

The  concave  mirror  is  used.  The  arrow  at  the  * ight  shows  the  direction  in 
which  the  mirror  is  moved,  and  the  white  arrow  m-”k.  the  direction  of  movement 
of  the  shadow.  The  shadow  moves  against  the  mi  ror 

D.  must  be  added  to  the  glass  which  causes  a reversal  of  the  shadow.  In 
using  the  shadow  test  the  refraction  of  t .e  vertical  meridian  is  determined 
by  moving  the  mirror  on  its  horizontal  axis;  and  the  horizontal  meridian 
is  measured  while  tilting  the  mirror  on  its  vertical  axis. 

Let  us  take  another  rase  : the  shadow  moves  slowly  with  the  mirror. 
This  means  myopia,  and  to  measure  it  the  surgeon  places  concave  glasses 
of  increasing  strength  iv  the  trial-frame  until  the  shadow  moves  slightly 
against  the  mirror.  This  glass,  plus  the  algebraic  quantity  — 1 D.,  is  the 
measure  of  the  myopia. 

In  astigmatism  the  pupillary  area  is  occupied  by  a band  of  light  which, 
as  a rule,  inns  cither  vertically  or  horizontally,  but  may  occupy  an  oblique 
meridian.  Whatever  the  direction  of  the  band,  it  indicates  accurately  the 
axis  of  one  of  the  principal  meridians.  The  band  of  light  can  usually  be 
seen  before  a correcting  sphere  is  placed  before  the  eye;  but  in  low  degrees 
o f astigmatism  the  band  is  noticed  only  after  the  proper  spheric  correction 
o'*  the  myopia  or  hypermetropia  has  been  made.  The  problem  of  measuring 
astigmatism  by  skiascopy  simply  resolves  itself  into  the  measurement  of  the 
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meridian  of  greatest  and  that  of  least  refraction,  correcting  each  by  the 
proper  sphere.  The  difference  between  these  findings  is  the  amount  of 
astigmatism.  It  must  be  remembered,  however,  that  the  edges  of  the  band 
of  light  are  at  right  angles  to  the  meridian  tested.  Thus,  in  Fig.  134,  the 
diagram  at  the  left  (1)  shows  an  astigmatism  which  is  to  be  corrected  by  a 
cylindric  lens  at  90°,  the  meridian  tested  being  horizontal,  T;  and  the 
figure  at  the  right  (2)  shows  a similar  condition,  the  axis  here  being  at 
180°  and  the  meridian  tested  being  vertical,  To . As  an  example  of  the 
correction  of  astigmatism  by  retinoscopy  let  us  suppose  that  Fig.  133 
represents  an  eye  in  which  the  vertical  meridian  is  neutralized  by  a 
-f  4 D.  lens  and  the  horizontal  meridian  requires  — 4 D.  Here  is  an 
instance  of  mixed  astigmatism,  and  the  refraction  is  expressed  in  this  way: 


Fig.  133. — Movement  of  the  shadow  in  mixed  astigmatism. 

The  direction  of  the  (concave)  mirror  movement  is  indicated  by  the  black  amw; 
the  white  arrow  shows  the  direction  in  which  the  shadow  moves. 


added  to  the  lens  causing  reversal  of  the  shadow.  The  cor:  eating  glass  in 
this  case  can  be  written  in  three  ways:  1.  — 5.00  cylinder  (axis,  180°), 
combined  with  (C)  + 2.00  cylinder  (axis,  90°).  9.  —5.00  spheric  C + 
8.00  cylinder  (axis,  90°).  3.  +3.00  spheric  C — 8.00  cylinder  (axis, 

180°).  The  third  way  is  used  by  most  opticians,  vhr  prefer  working  minus 
cylinders  on  to  plus  spheres. 

The  obtaining  of  the  exact  axis  in  astigmatism  is  much  facilitated  by 
retinoscopy.  For  this  purpose  a meridian  indicator,  called  an  axonometer 
(Fig.  135),  can  be  placed  in  the  trial-frame  and  rotated  until  the  white 
lines  on  either  side  of  the  central  opening  coincide  with  the  long  axis  of 
the  band  of  light  seen  in  the  pupil.  The  degree  on  the  rim  of  the  trial- 
frame,  to  which  the  axonometer  points,  is  the  axis  at  which  the  cylinder  is 
to  be  placed. 

The  overcorrection  cf  vetmoscopy  depends  on  the  distance  between  the 
surgeon  and  the  patient.  When  this  is  1 metre  the  overcorrection  equals 
the  focal  length  < >f  ? i D.  glass ; if  at  2 metres,  0.50  D. ; and  at  4 metres, 
0.25  D.  Most  ophthalmologists  use  retinoscopy  at  1 metre;  some,  however, 
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hold  that  the  detection  of  a low  degree  of  astigmatism  becomes  easier  at  2 
metres.  This  amount  is  to  be  subtracted  from  the  skiascopic  correction, 
thus  giving  the  actual  amount  of  refraction-error.  This  finding,  however, 
is  not  the  measure  of  the  glass  to  be  prescribed,  since  ophthalmic  surgeons 
find  that  it  is  inadvisable  to  prescribe  the  full  correction  of  an  error.  The 
amount  of  reduction  will  be  fully  discussed  in  the  chapter  on  refraction. 

90.  To 


In  any  case  the  retinoscopic  findings  should  be  confirmed  by  the  use  uf  the 
trial-case  and  the  ophthalmometer. 

Scissors-like  Movement. — While  the  shadow  movements  mentioned 
above  are  easily  understood,  there  is  a phenomenon  'mown  as  “scissors 
movement”  which  is  confusing  to  the  beginner.  It  consists  in  two  bands 
of  light  (usually  horizontally  placed),  separated  by  i lark  band.  When 


j^ig  135. — Tliorington’s  axonometer. 

the  mirror  is  moved  slowly,  the  two  bands  of  light  approach  and  close 
over  the  da*k  area:  hence  the  name  “scissors-like  movement.”  The  phe- 
nomenon indicates  irregular  astigmatism.  (See  “Errors  of  Refraction.”) 

Re^inoscopy  with  the  Plane  Mirror. — With  the  plane  mirror  it 
is  necessary  to  have  the  source  of  illumination  close  to  the  mirror.  The 
rr. cement  of  the  shadow  with  the  plane  mirror  is  the  reverse  of  what 
obtains  when  the  concave  one  is  used,  viz.:  with  the  plane  mirror  the 
shadow  moves  with  the  mirror  in  emmetropia,  hvpermetropia,  and  low 
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myopia.  The  retinoscopic  examination  is  much  facilitated  by  the  use  of 
one  of  the  several  skiascopes  which  are  on  the  market.  These  are  instru- 
ments holding  lenses  and  permitting  the  rapid  change  of  the  lens-strength. 
Some  of  them  are  to  be  held  by  the  patient,  while  others  are  turned  by  the 
surgeon.  Among  the  hand-skiascopes  are  those  of  Snell,  Gruening,  and 
Marple;  revolving  skiascopes  have  been  invented  by  Jennings,  Lambert, 
and  others. 

Tests  for  Simulated  Blindness. — The  tests  for  simulated  blindness  are 
the  obstruction  device,  various  tests  with  prisms  and  lenses,  the  mirror  test, 
the  stereoscopic  test,  Snellen’s  colored  letters,  and  Hering’s  experiment  with 
falling  bodies.  These  tests  apply  to  simulation  of  blindness  in  one  eye.  If 
the  patient  claims  blindness  in  both  eyes  only  careful  watching  will  expose 
the  deception. 

The  Obstruction  Device  can  be  employed  by  holding  a ruler  on  the 
flat  in  front  of  a book  from  which  the  patient  reads.  If  binocular  vision 
exists,  he  will  see  all  the  words  and  will  read  without  halting;  if  one  eye 
is  blind,  certain  words  will  be  hidden  by  the  ruler. 

Tests  with  Prisms  are  numerous.  The  following  may  be  used:  1. 
Place  a 7°  or  8°  prism,  base  up  or  down,  in  front  of  one  eye  and  direct 
the  patient  to  look  at  a candle  at  G metres.  If  he  sees  double,  binocular 
vision  is  present,  and  he  is  shamming.  2.  Place  in  front  of  each  eye  a 7° 
prism,  base  out,  and  ask  the  patient  to  look  at  a flame  at  6 metres;  if 
binocular  vision  exists  there  will  be  a noticeable  convergence  of  the  visua1 
axes.  3.  Hold  a 12°  prism,  base  out,  before  the  blind  eye.  If  the  eye  sees 
there  will  be  a movement  of  it  inward  to  overcome  crossed  diploma,  -i 
Place  a square  prism  with  its  edge  half-covering  the  pupil  of  the  go<M  eye, 
the  supposedly  blind  one  being  covered.  Monocular  diplopia  is  thus  pro- 
duced. Now  move  the  prism  entirely  over  the  good  eye  and  at  the  oame  time 
uncover  the  other;  if  diplopia  still  exists,  the  patient  is  tr.Mingering.  5. 
Place  a prism,  base  vertical,  in  front  of  either  eye  and  crrect  the  patient 
to  walk  downstairs.  If  he  closes  one  eye  binocular  vision  is  present.  6. 
Place  a piece  of  Iceland  spar  in  front  of  one  e\e.  If  three  images  are 
present,  binocular  vision  exists.  7.  Place  a Mad d ox  double  prism  accurately 
before  one  eye,  the  other  being  uncovered.  The  presence  of  three  images 
proves  binocular  vision.  8.  Place  a -|-  14  D.  glass  before  the  sound  eye  and 
a — o.25s  before  the  other  and  ask  the  patient  to  read  test-types  at  6 metres. 
If  he  reads,  it  is  with  the  eye  which  he  claimed  was  useless — barring,  of 
course,  aphakia.  9.  Place  the  Maddox  rod  before  the  good  eye.  If  the 
patient  sees  both  the  flame  and  the  light-streak,  he  is  shamming.  10.  Use 
Snellen’s  spectacles  and  red-gieen  test-letters.  The  spectacles  have  one  red 
and  one  green  glass.  The  aatient  is  to  read  the  transparent  red  and  green 
letters,  which  are  hung  up  in  a window.  It  is  best  to  have  him  read  the 
letters  first  without  the  spectacles.  Then  the  spectacle-frame  is  adjusted, 
both  eyes  being  kept  open,  and  the  letters  are  to  be  read.  If  the  patient 
does  this,  binocular  vision  is  present.  The  green  glass  excludes  all  the  rays 
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fiom  the  red  letters  and  likewise  the  red  glass  excludes  rays  from  the  green 
letters.  Hence  some  letters  are  seen  only  with  one  eye,  and  others  with  the 
other. 

Hering's  Experiment  with  falling  bodies  can  be  used  as  a test  for 
malingering.  1 he  patient  looks  with  one  eye  through  a long  tube  at  a 
thread  stretched  vertically.  Glass  beads  are  then  dropped  in  front  of  and 
behind  the  thread.  If  binocular  vision  is  present  the  patient  will  correctly 
state  whether  the  beads  were  in  front  of  or  behind  the  thread;  if  blind 
in  one  eye  he  will  make  numerous  mistakes. 

Stereoscopic  Tests  are  numerous.  One  of  the  simplest  is  to  use  the 
letters  L and  F,  which,  to  the  person  with  binocular  vision,  make  E.  If 
the  patient  says  he  sees  E,  he  is  using  both  eyes. 

Fridenberg  s Mirror  Test  is  of  great  value.  It  consists  in  the  use 


Fig.  130.  Test  for  simulated  blindness.  (Fridenberg.) 


of  an  instrument  carrying  a mirror  ana  two  test-cards,  and  is  described 
as  follows:  “The  mirror  is  mounted  on  a horizontal  aim  in  such  a way  as 
to  permit  of  varying  its  distance  fr.m  the  test-card,  and  of  presenting  it 
alternately  to  either  eye  by  revolving  the  bearing  through  an  arc  of  180°. 
The  lateral  tilt  of  the  mirror  ca  i be  changed  at  will,  and  is  indicated  by  a 
pointer  on  a horizontal  scale.  When  the  pointer  is  at  90°,  the  plane  of 
the  mirror  is  at  right  angles  to  the  line  of  vision  of  the  eye  on  the  corre- 
sponding side,  and  this  eye  sees  its  own  image.  The  test-card  on  this  side, 
however,  is  not  normal  to  the  mirror,  and  its  reflection  is  seen  only  by  the 
opposite  eye.  which  the  subject  presumes  to  be  unconcerned-  in  the  visual 
act,  as  it  does  not  appear  in  the  mirror. 

“A  ' tiding  of  the  mirror  to  the  temporal  side,  bringing  the  pointer 

to  95°  r i00°,  is  sufficient  to  reverse  the  optical  conditions,  so  that  the  test 
is  seen  only  by  the  eye  on  the  same  side.  By  switching  the  mirror  over  to 
the  opposite  side  of  the  arm,  a similar  double  test  can  be  applied,  so  that, 
in  ail,  eight  variations  are  rapidly  obtained,  as  follows 
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Mirror  before  Right  Eye. 
95°  R.  E.  sees  right  card. 
90°  L.  E.  sees  right  card. 
70°  R.  E.  sees  left  card. 
60°  L.  E.  sees  left  card. 


Mirror  before  Left  Eye. 
95°  L.  E.  sees  left  card. 
90°  R.  E.  sees  left  card. 
70°  L.  E.  sees  right  card. 
60°  R.  E.  sees  right  card.” 


Localization  of  Foreign  Bodies. — Occasionally  a foreign  body  can  be 
seen  by  oblique  illumination,  by  transillumination,  or  by  ophthalmoscopy. 
In  most  cases,  however,  it  is  out  of  view  either  because  of  its  position,  the 
presence  of  blood,  distortion  of  tissues,  or  inflammatory  changes.  In  such 
cases  attempts  were  formerly  made  to  locate  it,  if  of  iron  or  steel,  by  the 
movement  of  magnetic  needles  arranged  in  the  sideroscope  of  Asmus  or  of 
Hirschberg.  The  attempt  has  been  made  to  accomplish  the  same  result  by 
bringing  strong  magnets  in  close  proximity  to  the  eye,  expecting  the  move- 
ment of  the  foreign  body  to  produce  pain,  and  thus  assist  in  the  localiza- 
tion, which  may  be  the  case  if  the  foreign  body  is  jagged  in  outline  and 
situated  in  the  ciliary  region.  This  method  has  been  superseded  by  the 
use  of  the  x-rays.  Non-metallic,  as  well  as  metallic,  particles  can  be  located 
in  almost  all  cases.  The  methods  of  greatest  value  in  localization  by  the 
x-rays  are  those  of  Leonard,  Sweet,  and  Davidson.  All  are  founded  on 
triangulation. 

Leonard's  Method. — Leonard,  who  was  a pioneer  in  the  use  of  the 
x-ray  in  ophthalmic  surgery,  devised  a method  of  localization  in  which  the 
base-line  for  triangulation  is  made  anterior  to  the  cranial  shadow.  The 
exposures  are  to  be  repeated  at  fixed  distances  and  set  situations,  giving  a 
series  of  relational  sides  and  angles  from  which  the  surgeon  calculatis  the 
position  of  the  foreign  body. 

Sweet' s Method. — Sweet  fixes  to  the  side  of  the  patient’s  heaH  a plate- 
holding device,  which  carries  two  steel  rods,  each  bearing  a ball  at  its  end. 
These  ball-pointed  rods  are  at  all  times  parallel  to  each  other  and  with  the 
photographic  plate,  and  are  at  a known  distance  apart.  One  rod  points 
to  the  centre  of  the  cornea,  the  other  to  the  outer  canthus.  coth  being  parallel 
to  the  visual  line  and  perpendicular  to  the  plate.  Two  radiographs  are 
made,  one  with  a tube  parallel,  or  nearly  so,  with  he  plane  of  the  two  rods, 
and  the  other  above  or  below  this,  the  first  situation.  From  a study  of  the 
shadows  cast  by  these  ball-pointed  rods  in  relation  to  the  shadow  of  the 
foreign  body,  the  surgeon  is  able,  on  a n^iizontal  and  vertical  diagram- 
matic section  of  the  eyeball,  to  locate  ihe  position  of  the  foreign  body. 
This  is  achieved  by  taking  the  distance  that  the  shadow  of  the  foreign  body 
is  above  or  below  the  shadow  oc  the  indicating  balls  on  the  two  negatives, 
and  transferring  these  measurements  above  or  below  the  spots  representing 
the  two  indicator  balls  on  the  vertical  section  of  the  eyeball.  A line  drawn 
through  these  points  gives  the  plane  of  shadow  of  the  foreign  body  at  the 
two  exposures,  their  mossing  point  indicating  the  situation  of  the  metal  in 
the  eye  as  studied  in  relationship  to  the  centre  of  the  cornea. 

In  determining  the  position  of  the  body  when  back  of  the  centre  of 
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the  cornea,  the  distance  is  measured  so  that  the  shadow  of  the  body  is  poste- 
rior to  the  shadows  of  each  of  the  two  balls  on  the  plate  made  with  the  tube 
horizontal  to  the  plane  of  the  indicators.  These  measurements  are  entered 
above  the  spots  representing  the  two  balls  on  the  diagram  of  the  horizontal 
section  of  the  eyeball,  and  a line  is  drawn  through  these  points  which  indi- 
cates the  plane  of  shadow  of  the  foreign  body.  A line  is  now  drawn  per- 
pendicular to  the  situation  of  the  body  as  found  on  the  vertical  section  of 
the  ball.  Where  it  crosses  the  line  representing  the  plane  of  shadow  on  the 


Fig.  137. — Apparatus  for  fixing  the  head  in  x-ray  examination. 

(Davidson.) 

horizontal  section  is  the  situation  of  the  body  back  of  the  anterior  portion 
of  the  cornea. 

Davidson's  Method. — Mr.  McKenzie  Davidson  uses  a Crookes  tube 
whose  anode  is  made  of  osmium  (so  as  to  obtain  the  best  definition)  placed 
between  two  nieces  of  platinum,  a head-clamp,  and  a localizer.  Two  skia- 
graphs ar i taken  from  different  points  of  view.  First,  a piece  of  lead  wire, 
1 centimetre  long,  is  plastered  on  to  the  patient’s  eyelid,  forming  a fixed 
pmnt  in  the  picture  to  be  taken.  The  position  of  the  tube  can  be  moved 
by  means  of  a crossbar.  The  side  of  the  head  with  the  injured  eye  being 
Cxed  flatly  against  two  piano  wires  stretched  across  a space  in  a board 
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admitting  a photographic  plate,  as  shown  in  Fig.  137,  the  first  picture  is 
taken ; then  the  bar  is  moved  6 centimetres  and  the  second  picture  is  made. 
The  patient  meanwhile  looks  at  a point  directly  in  front,  so  situated  that 
the  visual  axis  of  the  injured  eye  is  parallel  to  the  horizontal  wire.  On 
the  negative  are  seen  the  images  of  two  wires  which  cross  at  right  angles. 
They  are  stretched  across  the  window  in  which  the  photographic  plate  is 
fastened.  The  two  negatives  are  fixed  and  each  one  shows  the  lead  wire 
and  the  foreign  body.  After  developing  the  negatives,  a tracing  in  celluloid 
is  made  of  each,  showing  the  crosswires  and  any  foreign  body  present.  By 


Fig.  138. — The  crosstliread  localizer.  (Davidson.) 

mathematical  calculations  it  would  be  a tedious  to  locate  the  foreign 
body;  hence  Mr.  Davidson  has  designed  hb  localizer,  which  consists  of  a 
stand  with  a plate-glass  top  under  which  is  a mirror  for  throwing  light 
from  below  upward.  A horizontal  bar,  on  which  is  a millimetre  scale,  pro- 
jects from  the  top  of  the  table.  On  the  glass  plate  are  two  lines  cut  at 
right  angles,  corresponding  to  the  iwo  crosswires  shown  on  the  negative. 
The  sliding  millimetre  scale  is  placed  above  the  glass  plate  a distance  equal 
to  the  distance  of  the  anode  o*  die  Crookes  tube  from  the  negative  at  the 
time  the  picture  was  being  taken.  At  the  time  of  the  exposure  the  surgeon 
should  mark  on  the  patient/s  skin  the  quadrant  which  corresponds  to  the 
lead  wire.  (The  crosswi/es  have  previously  been  brushed  over  with  ink  or 
a suitable  dye  and  the  patient’s  head,  resting  on  the  wire,  is  marked  into 
quadrants  by  the  dye.) 

The  neg*  tive  is  now  placed  on  the  localizer.  Since  the  x-ray  is  not 
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bent,  but  passes  straight  through  an  object,  it  is  possible  to  represent  the 
path  of  the  ray  by  threads  stretched  from  the  scale  to  the  image  of  the 
foreign  body  on  the  negative.  This  is  shown  in  Fig.  138.  The  further 
procedure  is  thus  described  by  Mr.  Treacher  Collins: — 

“The  negative  with  the  two  images  of  the  foreign  body  and  of  the 
pointing  lead  wire,  when  developed,  is  placed  on  the  stage  of  an  instru- 
ment called  The  crossthread  localizer/  It  resembles  a photographer’s  re- 
touching desk.  I pon  an  iron  stand  a piece  of  plate  glass  is  placed  hori- 
zontally and  level.  Below  this  is  a mirror,  which  can  be  adjusted  so  as 
to  reflect  upward  the  light  from  a window  or  lamp.  Above  the  plate-glass 
stage  is  a horizontal  bar  with  a millimetre  scale  which  slides  up  and  down 
upon  two  vertical  brass  rods.  The  plate-glass  stage  has  two  lines  cut  at 
right  angles  to  each  other  on  it;  when  the  instrument  is  in  use  the  hori- 
zontal bar  is  made  to  bear  the  same  relation  to  these  cut  lines  as  the  hori- 
zontal bar,  along  which  the  Crookes  tube  moved,  did  to  the  crosswires. 

“When  the  negative  is  laid  on  the  stage,  the  white  cross  on  it  produced 


Fig.  139. — Ocular  transilluminator.  (Wurdemann.) 

by  the  wire  is  made  to  lie  on  the  cut  lines;  so  that  it  is  placed  in  relation 
to  the  horizontal  bar  under  exactly  the  same  conditions  as  it  occupied  when 
it  was  being  taken. 

“The  path  of  the  x-rays  during  the  two  exposures  is  traced  by  means 
of  threads,  which  are  separated  on  the  horizontal  bar  the  same  distance  as 
that  which  separated  the  position  of  the  tube  during  the  two  exposures. 

“Small  lead  weights  with  needles  attached,  through  the  eyes  of  which 
the  threads  are  secured,  are  used  to  kee  j the  threads  taut,  and  direct  them 
to  the  exact  points  on  the  negative  required. 

“If  the  two  threads  are  arranged  to  start  from  the  horizontal  bar  in  the 
positions  in  which  the  tube  was  du  ing  the  two  exposures,  and  the  point  of 
each  needle  carrying  the  th  *ead  is  placed  on  a corresponding  point  of  the 
image  produced  by  each  exposure,  then  the  position  where  the  threads  cross 
will  correspond  to  that  occupied  by  that  point  of  the  foreign  body  in  relation 
to  the  plane  of  the  nhte.  The  distance  is  next  measured  from  the  two 
vertical  planes  represented  by  the  shadows  of  the  crosswires.  This  is  done 
by  the  use  of  an  upright  square  placed  with  its  edge  coincided  with  the 
edge  of  the  shraow,  first  on  one  side  of  the  foreign  body  and  then  on  the 
one  at  right  angles.  The  relation  of  the  pointing  lead  wire  is  also  estimated 
to  theje  planes  and  to  the  foreign  body,  and  with  these  data  the  exact 
position  of  the  foreign  body  in  a schematic  eye  is  easily  worked  out.” 

^ tie  Sid eko phone.  Jansson  has  invented  an  instrument  for  the 
detection  of  pieces  of  iron  or  steel  within  the  eye.  It  consists  of  an  electro- 
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magnet  to  which  a telephone  is  attached.  When  brought  near  a piece  of 
iron  a change  is  produced  in  the  electric  current,  and  this  produces  a sound 
in  the  telephone  which  can  be  easily  heard. 

Transillumination  of  the  Eye. — This  method  of  examination  was 
long  used  in  a crude  manner,  i.e.,  by  employing  ordinary  focal  illumina- 
tion on  the  sclera  opposite  the  site  of  a chorioidal  tumor.  In  1888  yon 
Eeuss  introduced  an  electric  instrument  which  projects  light  through  the 
eye.  Similar  instruments  have  been  devised  more  recently  by  Leber,  Sachs, 
Kochon-Duvigneaud,  and  Wiirdemann.  The  instrument  of  Wiirdemann 
(Fig.  139)  is  one  of  the  best.  The  method  of  use  is  as  follows:  The  ex- 
amination is  made  in  a dark  room,  the  pupil  being  widely  dilated  and  the 
eye  cocainized.  The  surgeon  stands  in  front  of  the  patient.  The  lids  are 
held  apart  and  the  tip  of  the  instrument,  held  at  the  proper  angle,  is 
applied  to  different  areas  of  the  sclera  and  the  effect  is  noted.  In  normal 
eyes,  or  even  in  the  presence  of  cataract,  the  pupil  will  show  a red  glow. 
If  an  intraocular  tumor  is  present,  internal  to  the  spot  at  which  the  instru- 
ment is  applied,  the  pupil  will  remain  dark.  The  presence  of  blood-clots, 
exudations,  neoplasms,  or  foreign  bodies  will  obstruct  the  passage  of  light 
and  will  reduce  or  abolish  the  luminous  effect.  While  transillumination  is 
of  use  in  some  other  conditions,  its  chief  value  is  in  the  diagnosis  of  intra- 
ocular growths,  and  in  the  differentiation  of  these  from  simple  detachment 
of  the  retina. 

The  0 ph th aim o-Diapli anoscopc  is  an  instrument  for  transillumination 
which  throws  a strong  light  forward  from  the  oral  cavity  and  enable  the 
observer  to  see  the  inside  of  the  eye  without  an  ophthalmoscope.  r die  in- 
strument consists  essentially  of  an  80-candlepower  electric  lamp,  a retiector, 
and  a water-cooler.  The  examination  is  conducted  in  a dark-room;  the 
patient’s  face  is  covered  with  a black  mask  in  which  are  openings  for  the 
eyes;  the  patient  holds  the  instrument  far  back  in  the  mouth  and  the  sur- 
geon notes  the  effect  upon  the  two  orbits.  Hertzell  clam  s vat  this  method 
is  of  great  value  in  the  diagnosis  of  obscure  condition*  oi  the  sinuses,  of 
the  orbits,  and  of  the  interior  of  the  eyes.  The  transmitted  light  causes  a 
transient  miosis,  which  is  followed  by  a mrrked  mydriasis  permitting  the 
nerve-head,  the  retinal  vessels,  and  pathologic  conditions  to  be  seen. 


CHAPTER  V. 

DISEASES  OF  THE  EYELIDS. 


The  eyelids  are  subject  to  congenital  anomalies,  tumors,  traumatisms, 
inflammations,  parasites,  degenerations,  infiltrations,  etc.  Owing  to  the 
complexity  of  the  structures  entering  into  their  formation,  the  lids  show 
many  symptoms  pertaining  to  general  diseases.  The  diseases  of  the  con- 
junctiva are  of  such  importance  as  to  demand  consideration  in  a separate 
chapter. 


CONGENITAL  ANOMALIES  OF  THE  EYELIDS. 

These  defects  are  rarely  met  with.  The  following  conditions  have  been 
found : — 

Ablepharia.  Partial  or  complete  absence  of  the  lids  may  occur  on 
one  or  both  sides,  and  is  a rare  defect. 

Coloboma  of  the  Lids  generally  is  present  as  a triangular  defect  with 
the  base  toward  the  lid-margin  and  the  apex  directed  toward  tho  margin 
of  the  orbit.  It  is  more  frequent  in  the  upper  lid.  Cases  in  which  the 
coloboma  is  situated  at  the  inner  or  outer  canthus  are  extremely  rare.  The 
defect  commonly  involves  the  entire  thickness  of  che  lid,  and  in  extent 
varies  from  a mere  notch  to  a deep  fissure.  Tn  the  colobomatous  area 
Meibomian  glands  and  cilia  are  absent.  In  some  instances  the  defect  is 
filled  by  a bridge  of  tissue  which  connects  the  lid  with  the  globe  or  with 
the  surface  of  the  cornea.  In  others  it  is  associated  with  dermoids  of  the 
corneoscleral  region  or  with  subconjunctival  lipomas.  In  still  other  cases 
corneal  opacities  or  pterygium-like  formations  are  present  (von  Hippel). 

Cryptophthalmcs. — Under  thi?  name  Zehender  and  Manz  have  de- 
scribed a congenital  condition  in  which  the  chief  characteristic  is  the  passage 
of  skin  over  the  base  of  the  c rbit  completely  hiding  the  eyeball.  The  name 
is  incorrectly  applied  to  a similar  condition  of  the  skin  with  absence  of  the 
globe.  In  most  cases  of  cryptophthalmos  other  defects  are  present.  The 
affection  was  bilateral  in  six  and  unilateral  in  three  of  the  reported  cases. 
Cilia,  eyelids,  and  onjunctival  sacs  were  absent.  The  eyebrows  were  present 
in  two  cases.  Perception  of  light  is  present  in  cryptophthalmos,  as  is  evi- 
denced by  contraction  of  the  skin  over  the  globe  when  light  is  concentrated 
on  the  baQe  of  the  orbit.  The  condition  is  irremediable. 

SynbTepharon. — This  is  a cohesion  between  the  eyelid  and  the  eye- 
ball, and  may  be  partial  or  complete.  In  cryptophthalmos  there  is  com- 
plete obliteration  of  the  conjunctival  sac.  Partial  adhesion  of  the  lid  to 
the  globe  is  sometimes  seen  as  a congenital  condition. 
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DISEASES  OF  THE  EYELIDS. 


159 


Ankyloblepharon,  union  between  the  lid-margins,  may  be  total  or 
partial.  A few  cases  have  been  observed  in  which  at  birth  a filiform  band 
passed  from  one  lid  to  the  other. 

Blepharophimosis,  an  adhesion  of  the  lids  at  the  outer  canthus,  pro- 
ducing a narrowing  of  the  palpebral  opening,  may  occur  congenitally.  The 
author  has  observed  it  as  an  hereditary  characteristic. 

Microblepharon,  a congenital  shortening  of  the  lids,  has  been  observed 
by  Fuchs  and  others. 

Entropion,  a turning  in  of  the  eyelid,  when  congenital  is  generally 
associated  with  other  anomalies,  such  as  distich iasis,  epicanthus,  anoph- 
thalmos,  or  microphthalmos. 

Ectropion,  a turning  out  of  the  lid,  when  congenital  is  often  found  in 
association  with  hydrophthalmos,  ptosis,  microphthalmos,  epicanthus,  or 
anophthalmos. 

Distichiasis,  the  presence  of  rows  of  supplementary  cilia,  has  been 
studied  by  Kuhnt,  who  found  that  in  lids  otherwise  normal  a second  row 
of  very  fine  hairs  grew  from  the  posterior  part  of  the  intermarginal  space. 
Study  of  sections  of  the  lid  showed  the  entire  absence  of  Meibomian  glands, 
the  abnormal  cilia  occupying  their  places.  The  glands  oi  Moll  and  Krause 
were  consequently  uncommonly  well  developed.  According  to  Westhoff, 
congenital  distichiasis  is  sometimes  hereditary. 

Epicanthus. — This  is  a condition  in  which  relaxed  folds  of  skin  at  the 
root  of  the  nose  extend  vertically  toward  the  eyebrows.  In  pronounced 
cases  they  conceal  the  inner  canthus,  caruncle,  and  in  some  instances  the 
inner  half  of  the  lid,  giving  the  appearance  of  strabismus.  It  is  a'moft 
always  bilateral  and  often  is  associated  with  ptosis.  In  Mongolians  it  is 
a normal  condition.  A small  amount  of  deformity  existing  at  bntn  will 
often  disappear  in  a few  years  with  the  development  of  the  nose  When  the 
skin  of  the  root  of  the  nose  is  lifted  up,  the  deformity  disappears:  an 
observation  which  caused  von  Ammon  to  devise  his  operation  inr  epicanthus. 
A spurious  form  of  epicanthus  is  acquired  by  syphilitics  with  saddle-noses. 
The  treatment  of  epicanthus  is  chiefly  surgical.  ProOkaert  and  others  have 
reported  successful  results  from  the  subcutaneous  injection  of  paraffin,  which 
is  molded  into  the  desired  form  and  heightens  the  nasal  bridge. 

Congenital  Ptosis,  a drooping  of  the  upper  lid,  may  be  unilateral  or 
bilateral,  and  often  is  associated  with  epicanthus,  paralysis  of  the  ocular 
muscles,  or  other  congenital  anomalies.  It  may  be  due  to  redundancy  of 
tissue  or  to  deficient  development  or  absence  of  the  levator  muscle.  Ptosis 
should  be  corrected  by  operatiojL 

Fistula  of  the  Upper  Lid. — This  is  an  extremely  rare  condition  due  to 
non-closure  of  the  fronto-maxillary  fissure.  One  case  has  been  described 
by  Lannelongue  and  Men\rd. 

Treatment  of  Congenital  Anomalies. — The  treatment  of  these  condi- 
tions is  entirely  surgical,  and  does  not  differ  from  that  applied  to  similar 
acquired  affections. 
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SKIN  DISEASES  OF  THE  EYELIDS. 

The  skin  diseases  of  the  eyelids  are  numerous.  No  attempt  will  be 
made  here  to  properly  classify  them.  A short  description  of  the  principal 
ones  will  be  sufficient  for  the  purposes  of  the  ophthalmologist. 

Erythemata. — The  erythematous  affections  of  the  eyelids  are  similar 
to  those  which  involve  other  portions  of  the  integument.  They  properly 
belong  to  the  domain  of  the  dermatologist,  but  frequently  fall  into  the  hands 
of  the  oculist  on  account  of  the  concomitant  conjunctivitis  which  requires 
his  attention.  The  one  most  frequently  seen  is 

Erythema  Simplex,  an  active  hyperemia  whose  causes  are  various  and 
which  disappears  upon  their  removal.  This  active  hyperemia  is  best  com- 
bated by  cooling  evaporating  lotions.  It  is  easily  recognized  as  a diffuse 
flush,  of  a rather  bright  color,  and  is  to  be  distinguished  from  erysipelas, 
which  is  a specific  inflammatory  trouble.  A form  of  passive  hyperemia, 
sometimes  observed,  is  that  due  to  venous  stasis.  Here  the  lids  have  a 
bluish-purple  hue.  The  cause  of  the  stasis  must  be  sought  and  corrected, 
or  a greater  or  less  amount  of  chemosis  will  result. 

Urticaria  (Hives)  is  an  inflammatory  disorder  of  the  skin,  cft;n  in- 
volving the  eyelids.  It  is  characterized  by  the  presence  of  wheal*,  with  a 
sensation  of  itching  and  burning.  In  the  vast  majority  of  it  is  of 
gastric  origin.  It  has  been  seen  to  follow  upon  eyestrain  or  up  on  improperly 
corrected  errors  of  refraction  (Oliver).  The  disease  should  be  treated  by 
removal  of  any  source  of  irritation.  The  use  of  an  antacid*  with  proper 
regulation  of  the  diet,  will  usually  give  relief,  "ine  chronic  form,  known 
as  cnidosis,  should  be  treated  with  pilocarpin,  quin  in,  and  bromids  inter- 
nally. It  may  continue  for  years  in  spite  of  treatment. 

The  inflammatory  skin  affections  of  the  lids  are  not  so  easily  allayed, 
and  constitute  quite  a large  class.  They  ure  often  prone  to  be  obstinate, 
and  local  treatment  alone  will  not  suffice,  but  must  be  combined  with 
internal  measures.  The  most  commonly  observed  of  this  class  is  perhaps 
eczema  in  its  different  stages. 

Eczema  of  the  Eyelids  occuis  both  in  children  and  in  adults,  in  con- 
nection with  eczema  of  tl  e fa  ee. 

In  children  it  is  the  rule  that  the  lids  are  not  involved.  Infantile 
eczema  assumes  three  ffi>rms : the  neurotic,  the  seborrheic,  and  the  strumous. 
Neurotic,  or  reflex  eizema  arises  from  gastroenteric  disturbance,  and  is 
seen  in  otherwise  healthy,  well-nourished  children.  While  the  forehead, 
cheeks,  and  chin  may  be  bleeding,  a trefoil,  which  includes  the  orbits,  nose, 
and  mouth,  exempt.  This  is  the  most  frequent  type  of  infantile  eczema. 
In  the  seborrheic  and  strumous  types  the  eyelids  are  often  involved.  In 
the  hitter  variety  fissures  are  often  present  about  the  canthi,  as  well  as  at 
ot>er  mucocutaneous  junctions. 

In  adults  eczema  of  the  lids  is  almost  invariably  of  the  erythematous 
+ype.  Eczema  of  the  lids  may  show  papules,  scales,  or  pustules.  All  forms 
itch.  Conjunctivitis  is  often  present. 
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Treatment  should  be  adapted  to  the  variety  and  stage  of  the  disease. 
Care  should  be  taken  to  avoid  irritating  applications.  To  prevent  agglutina- 
tion, an  ointment  of  the  benzoated  oxid  of  zinc  may  be  applied  to  the  lids 
at  night.  The  conjunctivitis  should  receive  appropriate  treatment.  The 
habits  and  diet  should  be  regulated.  In  the  strumous  form  of  eczema  the 
syrup  of  the  iodid  of  iron  with  codliver-oil  should  be  administered.  In  the 
seborrheic  form  the  diet  should  be  regulated  and  a sulphur  ointment  should 
be  applied  locally.  The  concomitant  skin  affection  should  be  treated  by 
a competent  dermatologist.  Otherwise  repeated  reinfection  of  the  lid- 
margins  will  occur. 

Fissures  of  the  External  Canthus  (Rhagades)  are  often  present  in 
cases  of  eczema  and  in  types  of  ocular  disease  causing  photophobia  and 
blepharospasm,  viz. : conjunctivitis  and  keratitis.  The  raw  spots  should  be 
touched  with  nitrate  of  silver,  either  in  the  form  of  a strong  solution  or  the 
solid  stick.  In  obstinate  cases  canthotomy  may  be  required. 

Impetigo  of  the  eyelids  is  uncommon,  and  manifests  itself  as  pustules 
of  a split-pea  size,  which  disappear  spontaneously  in  a few  weeks.  There  are 
no  subjective  lesions.  Tonic  treatment  and  antiseptic  applications  are  suffi- 
cient. 

Furuncle. — This  form  of  localized  inflammation  of  the  skin  and  sub- 
cutaneous tissue,  due  to  infection  by  one  or  more  of  the  pus-cocci,  is  occa- 
sionally seen  on  the  eyelids.  The  local  use  of  an  ointment  of  salicylic  acid 
(gr.  xv  to  gj),  and  the  occasional  application  of  cloths  wrung  out  of  hot 
water,  will  be  appropriate.  In  neglected  cases  an  incision  will  be  necessary. 

Frambesia  (Yaws;  Amboyna  Button;  Pian). — This  is  a contagiois 
disease  met  with  in  tropical  climates.  It  is  characterized  by  the  prebvmce 
of  raspberry-like  nodules  in  the  skin  and  by  more  or  less  constitutor  al  dis- 
turbance. The  papules  undergo  suppuration  and  scabbing,  with  the  forma- 
tion of  a slight  scar.  In  some  instances  there  is  serious  u>jntion  of  the 
skin  and  subcutaneous  tissues.  The  entire  course  of  tin  disease  occupies 
several  months.  The  eruption,  which  begins  on  the  face  gnd  extends  down- 
ward, may  involve  the  eyelids,  leading  to  localized  thickening,  conjunc- 
tivitis, and  sometimes  necrosis.  Yaws  is  to  differentiated  from  small- 
pox and  the  lesions  of  hereditary  syphilis.  Its  marked  resemblance  to 
blastomycetic  dermatitis  has  been  recently  noted.  The  prognosis  is  gen- 
erally favorable.  The  treatment  includes,  improved  hygienic  surroundings, 
tonics,  diaphoretics,  and  local  applications  of  carbolic-acid  lotion  or  the 
diluted  nitrate-of -mercury  ointmeru. 

Furunculus  Orientalis  (Aleppo  Boil;  Delhi  Boil;  Biskra  Button). — 
These  names  indicate  a local  infectious  disease  endemic  in  the  tropics,  and 
characterized  by  the  formaS.  n of  papules,  nodules,  scabs,  and  punched-out 
ulcers.  The  uncovered  pax  ts  of  the  face  are  chiefly  attacked.  The  disease 
is  inoculable  in  both  men  and  animals.  Laveran  attributes  its  spread  to 
flies.  It  is  to  be  distinguished  from  yaws,  which  presents  marked  consti- 
tutional symptoms,  and  is  found  almost  entirely  among  the  colored  races. 
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The  oriental  boil  is  a local  disease,  without  constitutional  disturbance,  and 
occurs  among  all  tropical  races  regardless  of  color.  The  prognosis  is  favor- 
able. The  treatment  includes  the  use  of  the  galvanic  cautery  in  the  early 
stage;  hypodermic  injections  of  10-per-cent,  carbolic  solution  around  the 
boil,  and  curettement  or  the  application  of  caustics,  when  the  process  has 
gone  on  to  suppuration  and  the  formation  of  granulations.  The  eyelids  are 
often  involved  in  this  disease. 

Goundon  (Anakhre,  Gros  Nez)  is  a rare  disease  which  is  found  on  the 
west  coast  of  Africa.  Macland  states  that  it  begins  in  childhood,  rarely  in 
adult  life,  with  headache,  a sanguino-purulent  discharge  from  the  nostrils, 
and  the  formation  of  symmetrical  swellings  on  the  side  of  the  nose,  involv- 
ing apparently  the  nasal  process  of  the  superior  maxilla.  The  enlarge- 
ments encroach  upon  the  orbits  and  finally  destroy  the  eyes. 

Malignant  Pustule  (Anthrax  Pustule). — This  disease,  due  to  inocula- 
tion with  the  anthrax  bacillus,  may  involve  the  eyelids.  It  is  transferred 
to  man  from  infected  animals,  and  is  found  among  persons  who  are  em- 
ployed in  the  care  of  animals  and  among  those  who  handle  hides  and  wool. 
The  infection  is  carried  by  the  hands,  by  dirty  instruments,  or  bv  the  b’tes 
of  insects  which  have  fed  on  the  cadavers.  The  disease,  which  fortunately 
is  rare  in  this  country,  begins  as  a small  vesicle  surrounded  by  cvfeola. 
Soon  a livid-red  papule  develops,  followed  by  a bulla  or  pustule  and  this, 
in  turn,  by  a black  eschar.  There  is  a broad  area  of  edematous  infiltration 
of  a violet  color.  The  gangrene  may  spread  rapidly  and  terminate  fatally, 
or  a localized  slough  may  be  thrown  off,  leaving  an  ulcer,  which  heals  by 
granulation.  When  the  eyelids  are  involved  there  nuv  be  extensive  de- 
struction, only  the  ciliary  margins  remaining.  The  constitutional  symptoms 
are  those  of  sepsis.  The  diagnosis  will  rest  or  the  history  of  the  case,  the 
appearance  of  the  lesions,  and  the  finding  of  the  anthrax  bacillus.  The 
prognosis  is  serious,  from  30  to  50  per  cent,  of  the  cases  ending  fatally. 
The  treatment  will  embrace  general  supportive  measures,  incisions,  the  use 
of  the  galvanic  cautery  to  destroy  the  infected  area,  and  the  application  of 
bichlorid  solutions.  After  recover}7  a plastic  operation  may  be  required. 
Where  there  is  extensive  loss  of  tissue,  it  will  be  advisable  to  suture  the 
marginal  portion  of  the  hd  to  its  fellow  to  prevent  lagophthalmos  and 
ectropion. 

Carbuncle,  an  acute  phlegmonous  inflammation,  circumscribed,  but 
more  extensive  than  hat  of  furuncle,  may  occur  upon  the  eyelids,  and  is 
attended  with  sloughing  of  the  tissues  and  gangrene  of  the  skin.  It  should 
be  treated  b\  multiple  incisions,  curettement  of  the  sloughing  material,  and 
packing  with  gauze.  In  the  treatment  care  should  be  taken  lest  injury  be 
done  to  the  eyeball.  A canthotomy  may  be  needed  to  relieve  pressure  on 
the  gTol  e. 

Abscess  of  the  Lid  may  occur  as  the  result  of  injury  or  orbital  disease 
or  from  causes  not  well  understood.  It  should  be  treated  by  incision  parallel 
with  the  fibres  of  the  orbicularis  muscle. 
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Tarsitis,  inflammation  of  the  so-called  tarsal  cartilage,  occurs  chiefly  in 
syphilitic  subjects,  and  is  characterized  by  great  thickening  of  the  lid-mar- 
gin, often  producing  considerable  deformity.  Acute  tarsitis  is  associated 
with  conjunctivitis,  blepharitis,  and  sloughing  of  the  tissues.  It  is  found 
also  in  scrofulous  subjects.  Syphilitic  tarsitis  occurs  as  a tertiary  symptom. 
The  upper  lid  droops  from  increased  weight;  in  tarsitis  of  the  lower  lid 
ectropion  is  not  uncommon.  The  treatment  includes  local  cleanliness  and 
the  application  of  remedies  suitable  for  blepharitis,  such  as  ointments  of 
the  yellow  oxid  of  mercury,  ointment  of  ammoniated  mercury,  etc.  Inter- 
nally antisyphilitic  remedies  are  to  be  used. 

Erysipelas. — Although  the  eyelids  are  often  involved  in  erysipelas,  the 
disease  rarely  begins  in  them.  The  lids  show  a dusky-red  color;  they  are 
edematous  and  soft ; there  is  great  enlargement,  the  swelling  extending  over 
the  eyebrow  and  cheek;  the  skin  presents  numerous  small  blisters,  and 
chemosis  and  conjunctivitis  are  often  present.  By  extension  into  the  orbit 
the  disease  may  cause  exophthalmos,  atrophy  of  the  optic  nerve,  arkl  even 
meningitis  and  death.  The  general  and  local  treatment  is  the  same  as  for 
erysipelas  located  elsewhere.  Local  applications  of  ichthyol  are  valuable. 

Herpes  Zoster  Ophthalmicus  (Herpes  Frontalis)  is  a form  of  herpes 
which,  by  reason  of  the  ocular  symptoms,  is  of  interest  to  the  ophthalmic 
surgeon.  While  the  disease  occurs  most  frequently  in  elderly  and  feeble 
patients,  it  is  not  rarely  observed  in  children  and  in  young  subjects  with  ap- 
parently unimpaired  nutrition.  The  initial  symptoms  include  severe  pain 
limited  to  one  side  of  the  head  and  face,  rise  of  temperature,  anorexia,  chibs, 
and,  in  some  cases,  bronchitis.  After  the  pain  has  been  present  for  from 
one  to  three  days  unilateral  involvement  of  the  skin  is  apparent  ^dong  the 
course  of  the  branches  of  the  first  (ophthalmic)  division  of  the  fifth  nerve, 
the  second  and  third  divisions  being  rarely  involved  simultaneously.  The 
eruption  begins  with  groups  of  papules  rapidly  changing  into  resides,  which 
vary  in  size  from  a pin’s  head  to  a split  pea.  These  are  <mi  rounded  by  a 
bright-red  areola.  They  rapidly  become  cloudy  and  form  dry  crusts.  The 
vesicles  occur  in  patches  of  three  or  more,  having  a,  tendency  to  group  in  a 
round  form.  They  appear  in  the  temporal  region,  on  the  forehead,  upper 
lid,  conjunctiva,  and  cornea.  The  lower  eyelid  und  cheek  are  rarely  involved 
in  the  eruption.  The  cheek,  however,  may  l»p  edematous  by  contiguity.  The 
cornea  is  not  always  involved  in  ophthalmic  herpes.  Many  years  ago  Hutch- 
inson observed  that  the  cornea  is  involved  only  in  case  the  nasal  nerve  is 
affected.  After  a variable  time  ihe  skin  heals,  leaving  pits  and  depressions 
resembling  those  of  small-pox.  From  the  peculiar  grouping  of  the  scars, 
it  is  possible  to  recognize  the  disease  long  after  its  subsidence.  Early  in  the 
disease  the  cornea  becomes  cloudy;  often  a large  bleb  forms,  and  this,  on 
breaking,  leaves  an  ulcer  which  frequently  causes  a scar.  Iritis,  conjunc- 
tivitis, iridocyclitis,  and  even  panophthalmitis  are  sometimes  observed  in 
these  cases.  Barr  dr  has  reported  two  cases  in  which  diplopia  was  present; 
and  Zentmayer  has  observed  oculomotor  palsy  in  ophthalmic  herpes. 
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Tension  is  often  increased  in  the  acute  stage  of  the  disease  and  is  subnormal 
in  the  later  period.  Sympathetic  ophthalmitis  rarely  follows  herpes. 
Long  after  the  acute  symptoms  have  disappeared  the  eyeball  remains  anes- 
thetic, although  subject  to  attacks  of  neuralgic  pain,  and  the  skin  feels 
numb  and  stiff  like  parchment.  The  prognosis  is  serious  as  regards  visual 
acuity.  Vision  is  much  reduced,  either  by  the  presence  of  a corneal  scar, 
by  changes  incident  to  iridocyclitis  (posterior  synechiae,  etc.),  or  from 
atrophy  of  the  optic  nerve.  The  disease  often  is  of  long  duration. 

Pathology. — The  lesions  in  herpes  zoster  ophthalmicus  are  found  in 
the  Gasserian  ganglion  and  in  the  branches  of  the  fifth  nerve  supplying  the 
affected  area.  The  first  satisfactory  report  on  the  pathologic  changes  in 


Fig.  140. — Herpes  zoster  opMlialmicus.  (Fuchs.) 

Appearance  five  days  after  the  beginnirg  ',1  he  disease.  The  vesicles  follow  the 
course  of  the  frontal  and  nasal  branch^  n tjie  ophthalmic  division  of  the  fifth 
nerve. 

this  disease  was  given  by  Sattk-  in  1875,  who  found  inflammatory  lesions, 
with  hemorrhages  destroying  tiie  nerve-cells  and  fibres  of  the  Gasserian 
ganglion.  The  ophthalmic  division  of  the  nerve  was  degenerated.  His 
findings  have  been  confirmed  of  late  by  Head  and  Campbell,  of  London. 

Diagnosis. — Herpes  zoster  ophthalmicus  in  former  years  was  often 
mistaken  for  ervs.oe  as:  a mistake  which  should  not  occur.  The  former 
disease  is  always  limited  to  one  side,  never  crossing  the  median  line  of  the 
forehead  or  nose.  There  is  more  pain  and  less  constitutional  disturbance  in 
herpes  than  :n  erysipelas.  The  vesicles  of  herpes  are  smaller,  more  numer- 
ous, and  more  circumscribed  than  the  bullie  of  erysipelas. 

Treatment. — The  treatment  of  this  disease  must  be  symptomatic. 
Elderly  persons  will  require  ferruginous  preparations,  tonic  doses  of  quinin, 
rnd  occasionally  stimulants.  Morphin  or  holocain  may  be  needed  to  relieve 
the  pain.  Other  measures  for  the  relief  of  pain  are  the  internal  use  of 
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phospliid  of  zinc  (gr.  1/3  three  times  a day)  and  the  application  of  the 
galvanic  current.  The  positive  pole  should  be  placed  at  the  vertex  while 
the  negative  is  applied  to  the  affected  area.  The  pupil  is  to  be  dilated  with 
atropin.  If  tension  becomes  increased,  as  sometimes  occurs  in  the  height 
of  the  disease,  paracentesis  of  the  cornea  should  be  done.  The  internal  use 
of  arsenic  trioxid,  combined  with  black  pepper  and  extract  of  gentian,  has 
been  recommended.  The  skin  lesions  are  best  treated  with  soothing  oint- 
ments. The  following  is  recommended : I>  cocain,  grains  x ; bismuth  sub- 
nitrate, 3iss;  simple  cerate,  *j-  Mix  and  apply  locally. 

Pemphigus. — Bullous  affections  of  the  eyelids,  such  as  dermatitis 
herpetiformis  and  pemphigus,  are  occasionally  seen.  In  the  former  the 
lesions  are  small  and  grouped;  in  the  latter  they  are  large  and  scattered. 
Being  diseases  subject  to  frequent  relapses,  care  must  he  exercised  in 
formulating  a prognosis.  The  treatment  of  these  conditions  is  outside  the 
domain  of  ophthalmology.  Essential  shrinking  of  the  conjunctiva  some- 
times accompanies  pemphigus.  Contagious  impetigo  and  various  septic 
conditions  may  occasion  acute  processes  ‘attended  with  the  formation  of 
bullae  about  the  lids. 

Lichen  Ruber,  Lichen  Planus,  and  Lichen  Scrofulosus  occur  so  rarely 
on  the  eyelids  and  are  so  difficult  to  recognize,  as  well  as  to  treat,  that  they 
should  be  referred  to  a dermatologist. 

Dermatitis,  if  it  involves  the  face,  will  also  manifest  itself  upon  the 
eyelids.  The  symptoms  presented  are  those  of  acute  inflammation.  Th: 
most  common  form  is  that  of  dermatitis  venenata,  or  poisoning,  whicl 
brings  about  a severe  chemosis  and  a marked  conjunctivitis.  In  rhus  poi- 
soning, due  to  contact  with  “poison-ivy”  or  “poison-oak,”  the  skin  is  of 
a deep-red  color  and  the  subcutaneous  tissue  is  edematous.  Patches  of 
vesicles  are  present,  which  furnish  a yellowish  fluid.  On  dr ying,  this  forms 
a crust.  Burning  and  itching  are  distressing  symptoms  ^he  disease  is 
self-limited.  As  soon  as  discovered  the  affected  area  should  be  thoroughly 
washed  with  soap  and  water.  When  the  skin  is  unbroken,  applications  of 
dilute  lead-water  will  give  relief.  Locally  we  tulv  apply  the  fluid  extract 
of  grindelia  robusta,  diluted  1 part  to  30  of  vat er.  A valuable  application 
consists  of  equal  parts  of  tincture  of  sanguinaria  and  water. 

Dermatitis  Medicamentosa  is  often  seer  to  manifest  itself  on  the  eye- 
lids. Belladonna,  quinin,  the  turpentines,  copaiba,  antipyrin,  arsenic,  iodid 
of  potassium,  iodoform,  mercury,  and  other  internal  remedies  may  produce 
this  inflammation,  which  is  best  allayed  by  soothing  applications  and  the 
discontinuance  of  the  causative  Lug. 

Sporotrichosis  of  the  Tyelid  has  been  observed  in  a few  cases.  The 
disease,  according  to  Gifford,  appears  as  a “dermic  or  hypodermic  granu- 
loma, with  swelling  of  the  preauricular,  maxillary,  or  cervical  glands.”  The 
lymphatic  trunk-  may  be  thickened.  Since  syphilis,  tuberculosis,  and 
blastomycosis  present  somewhat  similar  clinical  pictures,  the  diagnosis 
must  rest  upon  the  bacteriologic  examination.  The  affection  is  curable 
by  the  internal  use  of  potassium  iodid. 
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Blastomycetic  Dermatitis,  a rare,  chronic,  local  infective  process,  be- 
ginning as  a papule  or  papulo-pustule,  often  involves  the  lids.  “The  lesion 
slowly  enlarges  peripherally  in  the  form  of  an  indolent,  flat,  wart-like,  or 
crusted  papule”  (Montgomery).  The  surface  shows  irregular  papilliform 
elevations  between  which  pus  oozes  on  pressure.  The  border  of  the  lesion 
is  of  a purple  or  reddish  color,  and  is  studded  with  minute  abscesses,  which 
can  be  easily  recognized  with  a magnifying  glass.  The  disease  may  remain 
indolent  for  months  or  years,  with  occasional  exacerbations.  The  lesions 
may  heal  centrally  whi]e  extending  peripherally.  The  disease,  when  in- 
volving the  eyelid,  causes  ectropion.  Blastomycetic  dermatitis  is  to  be 
differentiated  from  syphilis,  carcinoma,  lupus  vulgaris,  verrucous  tuber- 


Fig.  141. — Blastomycetic  dermatitis  involving  the  eyelids.  (Walkeb.) 

culosis,  and  sporotrichosis.  The  characteristic  features  are  the  miliary  ab- 
scesses and  the  presence  of  distinct  budding  organisms  seen  on  microscopic 
examination.  The  treatment  includes  o>  cision  of  the  diseased  areas,  which 
has  been  successfully  practiced  in  coveral  cases,  the  internal  use  of  large 
doses  of  potassium  iodid,  and  exposure  to  the  x-rays.  Cleansing  or  anti- 
septic washes  or  dry  dressings  can  be  used  locally  with  benefit. 

Perifolliculitis  (Horawium;  Stye). — This  is  an  inflammation  of  one 
of  the  glands  of  the  f^l'icles  of  the  eyelashes  (Zeis’s  glands).  The  term 
internal  hordeolum  is  applied  to  an  inflammation  of  a Meibomian  gland. 
These  affections  are  easily  recognized  as  circumscribed  inflammatory  areas. 
They  are  p~odu°ed  by  two  factors:  hyperemia  and  infection.  Hyperemia 
may  be  due  to  one  or  more  of  various  causes,  including  eyestrain  from 
uncorrcoted  or  improperly  corrected  errors  of  refraction,  catarrhal  con- 
junc  ivitis,  nasal  polypi,  hypertrophic  rhinitis,  alcoholism,  etc.  Infection 
is  frequently  transferred  from  a seborrheic  eczema  of  the  scalp  by  the 
'builds.  This  fact  has  hitherto  been  overlooked  by  most  ophthalmologists. 
Since  itching  exists,  the  patient’s  efforts  to  relieve  this  symptom  will  often 
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cause  the  spread  of  the  disease  to  adjacent  follicles.  The  crusts,  resulting 
from  desiccation  of  the  pus,  easily  convey  infection.  Hence  immediate 
treatment  is  indicated.  The  disease  does  not  occur  upon  the  eyelid  proper, 

because  no  hairs  exist  upon  it.  , 

Treatment. — In  the  early  stages  the  application  of  very  cold  or  o 
very  hot  packs  may  abort  the  process.  If  this  does  not  succeed,  pus  will 
form.  If  the  horny  epithelial  layer  be  carefully  split  open,  the  deposit  ot 
pus  in  the  form  of  a small  sphere  can  be  squeezed  out  and  no  more 
hordeola  will  occur.  The  incision  should  be  made  in  a direction  paral  e 
with  the  course  of  the  fibres  of  the  orbicularis  muscle.  Antiseptic  washes 
can  be  applied  to  the  inflamed  area.  Internal  hordeola  are  to  be  opened 
. and  evacuated  from  the  conjunctival  surface.  In  the  type  due  to  infection 
from  seborrheic  eczema,  the  patient  should  receive  treatment  from  a com- 
petent dermatologist.  Otherwise  reinfection  will  occur  repeatedly. 

Congenital  Hyperkeratosis. — In  congenital  hyperkeratosis  of  the  skin, 
usually  confounded  with  ichthyosis,  the  skin  of  the  face  and  eyelids  may 
be  involved.  Subjects  of  mild  grades  of  the  disease,  who  survive,  some- 
times show  ectropion,  loss  of  eyelashes  and  eyebrows,  conjunctivitis  and 
keratitis,  symblepharon,  and  atrophy  of  the  conjunctiva.  The  treatment 
should  include  alkaline  and  bran  baths  to  loosen  the  scales,  and  the  appli- 
cation of  unctuous  substances,  of  which  lanolin  is  one  of  the  best.  The 
internal  use  of  thyroid  extract  has  been  advised. 

Chloasma  is  a pigmentary  hypertrophy  frequently  found  as  a result  o 
pregnancy  and  uterine  diseases.  In  many  instances  the  dark  pigmer 
is  found  upon  the  eyelids  and  in  the  neighborhood  of  the  eyes.  The  treat- 
ment is  difficult.  Care  must  be  exercised  in  the  application  ot  whatever 
remedy  is  employed,  since  all  must  necessarily  be  more  or  less  1’ritating. 
Strong  bichlorid  solutions  are  probably  the  best. 

Discoloration  of  the  Eyelids  is  occasionally  seen  a result  of  drug 
ingestion  or  accident.  Thus,  argyria,  seen  but  seldom  nos,  is  due  to  the 
internal  use  of  nitrate  of  silver.  Siderosis,  which  shows  itself  as  small 
brown  spots,  is  due  to  the  penetration  of  the  skin  uy  small  pieces  of  steel. 
Accidental  tattooing  of  the  eyelids,  chiefly  by  gimns  of  powder,  is  a com- 
paratively common  occurrence.  In  recent  coses  of  powder-burn  the  bes 
results  are  obtained  by  placing  the  patient  under  a general  anesthetic  and 
using  a nail-brush  under  aseptic  precautions.  If  seen  after  the  carbonized 
particles  have  stained  the  integument,  puncture  with  the  electrolytic  needle 
will  give  satisfactory  results,  although  the  treatment  is  tedious. 

Dermoid  Tumors  are  rarely  found  in  the  eyelids.  A favorite  site  is 
the  region  of  the  external  angular  process  of  the  frontal  bone.  Earely  is 
the  tumor  found  in  the  eyebrow.  Less  frequent  are  dermoids  located  at  the 
inner  angle  of  the  upper  lid.  In  this  location  the  growth  may  have  a 
pedicle  connected  with  the  dura  mater,  resembling  a meningocele,  in  that 
the  brain  pulsation  is  communicated  to  it.  Sutton  states  that  dermoids 
found  in  tm  upper  eyelid,  unconnected  with  bone  or  periosteum,  probably 
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arise  in  the  fissure  between  the  fronto-nasal  plate  and  the  fold  of  skin  from 
which  the  lid  is  formed.  The  treatment  of  dermoids  is  excision. 

Verruca,  or  wart,  is  occasionally  seen  upon  the  eyelids.  The  most 
common  form  in  this  locality  is  the  so-called  filiform  variety,  which  is 
chiefly  found  in  old  persons.  It  is  always  advisable  to  cause  the  disappear- 
ance of  these  growths  by  acids,  caustics,  or  surgical  means,  the  best  of  which 
latter  is  electrolysis. 

Cornu  Cutaneum,  or  cutaneous  horn,  of  the  eyelids  is  comparatively 
small  and  generally  involves  the  lower  lid.  It  occurs  in  middle  life,  and 
its  extirpation,  with  cauterization  of  the  base,  is  to  be  advised.  Epithelioma 
is  said  to  be  likely  to  follow  if  its  spontaneous  fall  is  permitted  to  occur. 

lipoma.— Fatty  tumors  are  rare  in  the  eyelids.  They  are  circum- 
scribed, soft,  elastic,  and  lobulated.  They  should  be  excised. 


Fig.  142. — Dermoid  tur.,->u  (Author.) 

Hernia  of  the  Orbital  Fatty  Tissue.— The  fatty  tissue  of  the  orbit  is 
normally  held  in  place  by  the  fai.o -orbital  fascia,  orbicularis  muscle,  and 
skin.  As  a result  of  atrophy  in  elderly  persons,  or  from  trauma  at  any 
period  of  life,  these  tissues  may  become  weakened  and  permit  of  protrusion 
of  the  orbital  fat  between  the  orbicularis  muscle  and  the  skin.  The  hernia 
can  be  pushed  backward  into  the  orbit.  If  of  sufficient  size  to  cause  de- 
formity, the  protruding  tissue  may  be  readily  removed  through  an  incision 
made  parallel  \v ' ti'  the  orbicularis  fibres. 

Edema  01  the  Lids  is  a common  condition.  It  is  often  found  following 
trauma,  end  is  a frequent  accompaniment  of  inflammation  of  the  con- 
junctive or  infection  after  operations  on  the  globe.  It  is  found  in  con- 
nects with  diseases  of  the  orbit.  It  may  follow  probing  of  the  lacrimo- 
D8Sul  duct  or  the  injection  of  fluids  into  the  adjacent  tissues.  It  occurs 
in  renal  and  cardiac  diseases,  arsenical  poisoning,  malaria,  etc.  In  these 
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conditions  the  edema  is  more  marked  when  the  patient  is  recumbent.  In 
such  diseases  the  swelling  is  pale  and  translucent.  The  edema  due  to 
inflammatory  conditions  is  reddish,  opaque,  tense,  and  shining.  Being 
merely  a symptom,  it  does  not  usually  call  for  treatment.  When  so  exten- 
sive as  to  prevent  opening  of  the  eye,  it  can  be  relieved  by  puncture  and 
the  use  of  a compress  bandage. 

Solid  Edema  of  the  lids. — This  term  is  applied  to  a condition  in  which 
there  is  enormous  enlargement  of  the  eyelids,  particularly  of  the  lower  lid. 


Fig.  143. — Verruca  of  the  eyelids.  (Von  Ammon.) 

The  swelling,  which  is  often  so  great  as  to  conceal  the  palpebral  fissure,  is 
soft  and  elastic,  pits  on  pressure,  is  of  a dusky  reddish-brown  color,  without 
evidences  of  inflammation  and  without  involvement  of  other  parts  of  the 
body.  In  the  majority  of  cases  the  disease  has  followed  attacks  of  ery- 
sipelas. Some  of  the  cases  have  terminated  in  tuberculosis  of  the  con- 
junctiva. The  nature  of  the  disease  is  obscure.  It  is  supposed  to  be  x 


Fig. 


144. — Cornu  ci  tai  eum.  (Schaw.) 


recurrent  lymphangitis.  Various  methods  of  treatment— nitrate  of  silver, 
collodion,  pressure,  fomentation^,  multiple  punctures,  and  excision— have 
been  tried  without  permanent  benefit. 

Elephantiasis  Are  bum. — This  rare  disease  sometimes  involves  the  eye- 
lids. It  may  be  dmded  into  two  classes:  (1)  the  tropical  endemic  type, 
which  is  due  to  ela.ia  sanguinis  hominis;  and  (2)  the  sporadic  type, 
which  is  attributed  to  a variety  of  causes,  all  of  which  produce  blocking 
of  the  lymph-channels.  Thus,  it  follows  oft-recurring  attacks  of  ery- 
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sipelas.  In  the  case  reported  by  Walzberg  (Fig.  146)  hypertrophy  of  the 
left  upper  eyelid  was  present  at  birth.  Attacks  of  inflammation  preceded 
increased  growth.  The  eyeball  was  displaced,  the  eye  was  amaurotic,  and 
the  cornea  was  hazy.  The  mass  was  successfully  operated  upon  by  Koenig. 
The  pathologic  changes  in  elephantiasis  of  the  lids  are  an  hypertrophy  of  the 
skin,  particularly  of  the  subcutaneous  connective  tissue,  and  dilation  of  the 
lymph-spaces,  which  are  blocked,  thus  leading  to  lymphatic  edema.  The 
treatment  consists  in  massage  and  surgical  measures. 

Lentigo  (Freckles). — Small  circumscribed  spots  or  splotches  of  pig- 
ment occur  on  the  eyelids  as  well  as  on  other  exposed  portions  of  the  skin. 


Fig.  145. — Solid  edeni?  a *he  eyelids.  (Chitciiett.) 


They  usually  appear  about  the  second  decade  of  life,  but  may  be  congenital. 
They  do  not  call  for  treaimert. 

Varicose  Veins. — Dilated  and  tortuous  veins  are  occasionally  seen  in 
the  lids,  particularly  in  the  upper  lid  (Fig.  147). 

Naevus  Pigment*  sus,  or  pigmentary  mole,  is  a congenital  growth 
occurring  either  singly  or  in  numbers.  The  form  is  oval  or  circular.  The 
size  varies  from  a pinhead  to  large  tumor-like  masses.  The  upper  eyelid 
is  more  often  involved  than  the  lower.  There  are  smooth,  warty,  fatty,  and 
hairy  moles.  The  treatment  is  surgical.  For  the  larger  ones  excision  is 
indicated,  and,  for  the  smaller,  electrolysis  is  the  best  method. 

Vitiligo  and  Albinism,  the  one  acquired  and  the  other  congenital 
aenciency  of  the  pigment  of  the  skin,  are  similar  in  appearance,  presenting 
a milky-white  color  of  the  integument.  In  the  latter  there  is  absence  of 
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pigment  in  the  chorioid,  and  nystagmus  is  often  observed.  There  is  no 
efficient  treatment  for  either  condition. 

Xeroderma  Pigmentosum  (Kaposi’s  Disease).  — This  rare  disease,  of 
which  about  one  hundred  examples  have  been  recorded,  in  most  cases 
presents  noteworthy  ocular  symptoms.  The  affection  begins  in  early  infancy 
with  the  advent  of  minute  freckle-like  spots  of  a brown  or  black  color, 


Fig.  146—  Elephantiasis  of  the  upper  eyelid.  (After  Walzberg.) 

elevated,  flat  or  nodular,  which  develop  under  the4  influence  of  light.  Its 
first  appearance  is  upon  the  face  and  hands.  Between  the  freckle-like  spots 
are  areas  of  depigmented  skin,  forming  white  islands.  In  the  next  stago 
large  telangiectases  appear,  and  finally  the  skin  becomes  atrophic,  smooth, 
and  degenerated.  The  skin  of  the  eyelids  is  involved,  and  blepharitis, 
conjunctivitis,  pigment-spots,  and  telangiectases  of  the  conjunctiva  and 


Fig.  147. — Varicose  vein  of  the  upper  eyelid.  (Author.) 

(Original  dri*  ving  by  Miss  Augusta  Bierman.) 

ulcers  of  the  cornea  arc  often  present.  The  stage  of  atrophy  is  followed 
by  the  appearance  of  multiple  wart-like  elevations,  which  undergo  car- 
cinomatous or  sarcomatous  degeneration.  These  growths  arise  more  fre- 
quently from  lie  eyelids  than  from  the  eyeball.  They  ulcerate,  forming 
fungous  masses.  Early  in  the  history  of  the  case  the  eyelashes  fall  out. 
The  etiology  of  xeroderma  pigmentosum  is  unknown.  The  prognosis  is 
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unfavorable,  most  of  the  patients  dying  early  of  multiple  carcinoma. 
Treatment  so  far  has  been  without  value.  Panas  and  Monthus  advise 
excision  of  the  neoplasms,  with  cauterization  of  their  bases. 

Keratosis  Follicularis  (Darier’s  Disease). — This  rare  disease  begins  on 
the  face  or  trunk,  and  involves  the  lids.  It  appears  as  a papule  the  size 
of  a lentil  or  pea,  of  a dirty-red  color,  having  a brown,  black,  or  gray  horny 
crust,  which  plugs  a sebaceous  duct.  It  is  a rebellious  affection,  and  should 
be  referred  to  a dermatologist  for  treatment. 

Molluscum  Epitheliale,  also  known  as  molluscum  contagiosum,  is  un- 
usual, but  is  easily  recognized.  The  lesions  present  the  appearance  of  warts 
and  are  rather  translucent,  the  largest  being  umbilicated.  The  disease  is 
generally  considered  to  be  contagious  and  autotransferable.  It  is  seen  most 
frequently  in  children,  and  the  eyelids  are  frequently  attacked.  The  treat- 
ment is  simple,  consisting  in  enucleation  of  the  sac  and  its  contents. 
Electrolysis  may  be  employed  or  an  application  of  acid-nitrate-of-mercury 
ointment  can  be  made. 

Xanthoma  derives  its  name  from  the  yellow  color  which  its  lesions 
present.  It  is  found  in  two  forms : the  plane  and  the  tubercular.  The 
former  occurs  as  oval  or  crescentic  macules  varying  in  size  from  a pirheal 
to  the  thumbnail.  The  color  is  that  of  straw  or  sulphur  yellow.  The 
lesions  present  the  appearance  of  a piece  of  chamois  set  into  Tip  skin. 
The  macules  occasionally  become  confluent,  and  are  most  frequently  seen 
on  the  upper  eyelid  near  the  inner  canthus.  The  tuberc  da  - form  is  of 
rare  occurrence  in  this  situation.  Cholesterin  crystals  occur  in  abundance, 
there  being  also  a marked  number  of  new  cells  known  ar  xanthoma  bodies. 
The  condition  is  accompanied  by  a fatty  degeneration  which,  according  to 
Pollitzer,  in  this  situation  affects  the  fibres  of  orbicularis  palpebrarum 
muscle.  The  treatment  of  this  condition  is  generally  unsatisfactory.  Elec- 
trolysis has  given  good  results  in  a few  insiances.  The  x-ray  has  recently 
been  recommended. 

Lupus  Erythematosus  is  occasionally  seen  to  involve  the  eyelids  by 
extension  of  the  process  from  thu  cheeks.  It  is  difficult  to  diagnosticate 
and  to  treat,  and  it  rarely  occurs  that  the  ophthalmologist  is  called  upon 
to  treat  it.  A large  propoition  of  dermatologists  look  upon  it  as  a form 
of  tuberculosis  of  the  skin. 

Tuberculosis.  True  iujerculosis  of  the  skin  is  a disease  of  great  rarity. 
It  is  found  in  the  f>rn.  of  discrete,  shallow,  painless  ulcers  with  eroded, 
irregular  edges.  When  the  crusts  are  removed  a reddish-yellow  granular 
surface  is  exposed  The  ulcers  never  heal.  They  spread  continuously,  and 
coalesce  with  olher  ulcers  to  form  large  areas.  Crocker  states  that  the  diag- 
nosis is  difficult  in  the  absence  of  signs  of  general  tuberculosis.  The  disease 
is  fount  in  regions  where  the  skin  and  mucous  membrane  join.  Since 
tubercle  bacilli  are  found  in  lupus  vulgaris,  scrofuloderma,  tuberculous 
ulceration,  and  tuberculosis  verrucosa  cutis,  the  term  tuberculosis  of  the 
sKxii  is  loosely  applied  to  affections  which,  however  similar  they  may  be 
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microscopically  and  pathologically,  present  marked  clinical  differences 
(Crocker).  Tuberculosis  of  the  skin  offers  an  unfavorable  prognosis. 

Lupus  Vulgaris,  which  is  common  on  the  European  continent,  is  rare 
in  this  country.  When  present  upon  the  face  or  nose  it  may  extend  to  the 
eyelids.  It  is  characterized  by  the  presence  of  papules,  nodules,  and  patches, 
which  either  ulcerate  or  atrophy,  leaving  scars.  It  almost  invariably  appears 
before  puberty,  and  is  more  frequent  in  females  than  in  males.  It  begins 
as  pinhead  spots  of  a reddish  color  which  change  into  nodules.  These 
present  a brownish,  translucent  appearance,  likened  by  Hutchinson  to  apple- 
jelly.  After  a time,  which  may  be  months  or  years,  the  nodules  coalesce, 
become  elastic  to  the  touch,  and  ulceration  occurs,  which  spreads  and  cic- 
atrizes spontaneously.  When  the  eyelids  are  attacked  there  may  be  cica 
tricial  ectropion,  or  the  lids  may  be  entirely  destroyed.  In  the  latter  case 
the  eyeball  will  be  attacked.  The  disease,  which  is  of  long  duration,  may 
remain  unrecognized  until  seen  by  a dermatologist,  since  the  diagnosis  is 
difficult.  The  treatment  is  complete  removal  of  the  diseased  tissue. 

Syphilis. — Syphilis  of  the  eyelid  may  be  present  as  primary,  secondary, 
or  tertiary  lesions,  or  as  hereditary  manifestations.  Chancre  (Fig.  7,  Plate 
VII)  presents  as  an  ulcer  with  indurated  base.  Until  the  development  of 
secondary  symptoms  the  diagnosis  may  be  in  doubt.  The  conditions  with 
which  it  is  most  likely  to  be  confounded  are  the  pustules  of  vaccinia  and 
tuberculous  ulcer.  . In  chancre  the  pre-auricular  gland  is  always,  and  the 
submaxillary  is  frequently,  indurated.  Only  a careless  or  incompetent 
observer  could  mistake  a chancre  for  a stye,  chalazion,  or  dacryocystitis. 
Chancre  may  appear  at  any  period  of  life.  It  is  more  often  found  on  Oie 
lower  than  upper  lid,  and  in  men  more  frequently  than  in  women.  The 
infection  may  be  carried  by  unclean  fingers,  towels,  instrument; , bv- kissing, 
or  by  the  practice,  common  among  Russians,  of  removing  foreign  bodies 
by  licking.  Tepljaschin,  in  a small  town  in  Russia,  met  with  thirty-four 
cases  of  chancre  of  the  eyelids  caused  by  a female  quack  who  seated  granular 
conjunctivitis  by  everting  the  lids  and  licking  them.  Not  infrequently 
physicians,  while  treating  the  throats  of  syphilitic;,  have  become  inoculated 
by  the  patient’s  saliva  projected  by  cough1'  ng.  In  the  treatment  use  may 
be  made  of  the  yellow  wash  locally  and  mercury  internally  or  by  inunction. 
The  prognosis  is  favorable. 

Serpiginous  Syphilide  of  the  Eyelid  may  closely  resemble  lupus 
or  tuberculosis,  and  produces  extensive  destruction  unless  checked  by  appro- 
priate internal  treatment. 

Gumma  is  probably  the  most  frequent  of  the  syphilitic  diseases  of  the 
lids.  The  lid  becomes  swollen  and  tense.  Ulceration  follows,  the  ulcer 
having  an  irregular,  eroded,  “punched-out”  appearance.  Its  floor  is  cov- 
ered with  dirty-yellowish  or  gray  debris,  and  if  unchecked  there  may  be 
extensive  destruction  of  the  tissues.  In  the  absence  of  a history  of  infection 
the  diagnosis  may  be  difficult.  The  syphilitic  ulcer  presents  an  infiltrated 
base,  but  net  the  parchment-like  indurated  base  of  chancre  (de  Beck). 
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Rodent  ulcer  is  found  in  older  persons,  as  a rule.  Tubercular  ulcers  of  the 
eyelid  have  their  origin  in  tuberculosis  of  the  conjunctiva.  They  are  ex- 
ceedingly rare.  There  is  a profuse  purulent  discharge  and  early  involvement 
of  the  cornea.  A suppurating  chalazion  or  hordeolum  will  give  a different 
history  and  will  run  a different  course.  The  prognosis  of  gumma  of  the  lid 
is  favorable,  the  condition  yielding  to  iodid  of  potassium  internally  and 
mercurial  salve  locally.  Cauterization  is  contra-indicated. 

Leprosy  is  a general  affection  of  the  human  organism  and  one  not 
easily  recognized  by  the  non-expert.  So  far  as  the  eyelids  are  concerned, 
its  local  forms  are  thickening  of  the  lids,  the  presence  of  tubercles  upon 
them,  or  ulceration  of  the  tissues.  The  eyebrows  and  eyelashes  are  apt  to 


Fig.  14S. — Gummata  of  the  eyelids.  (Kebeb.) 


turn  white  or  they  may  drop  out.  In  advanced  cases  of  anesthetic  leprosy, 
when  mutilations  occur,  there  is  observed  an  ulcerated  process  involving  the 
eyelids  and  even  the  ocular  globe.  \ distinguishing  symptom  between  this 
and  lupus  is  the  total  absence  jl  pain  in  the  former.  All  treatment  for 
leprosy  has  proven  ineffectual,  although  chaulmoogra-oil  is  said  to  be  useful. 
Recently  the  hypodermic  injection  of  Calmette’s  antivenene  serum  has  given 
promise  of  good  results  (Dyer). 

Keloid  is  a connective-tissue  neoplasm  which  rarely  attacks  the  eye- 
lids. It  is  frequently  [he  result  of  a traumatism,  and  is  often  seen  in  the 
negro  or  one  who  has  in  him  negro  blood.  The  treatment  is  unsatisfactory. 
Electrolysis  or  die  x-ray  may  be  tried. 

Plexifcrm  Neuroma  of  the  Eyelid  (Neurofibroma)  is  a rare  growth 
which  is  really  a fibroma  developing  from  the  sheaths  of  peripheral  nerves, 
theio  being  no  new  development  of  nerve-fibres.  The  growth,  which  shows 
a peculiar  predilection  for  the  upper  eyelid,  is  either  congenital  or  appears 
in  early  infancy.  The  lid  becomes  greatly  enlarged  and  of  elephantiasis- 
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like  appearance,  and  ptosis  results.  The  tumor  is  soft  in  general,  with 
localized  cord-like  spots  which  can  be  traced  backward  into  the  orbit.  In 
some  of  the  recorded  cases  the  face  and  eyeball  have  been  involved.  Usu- 
ally the  growth  is  not  painful.  The  adjacent  skin  presents  numerous  spots 
of  brownish-yellow  color.  Microscopically  such  growths  are  composed  of 
nerve-bundles  imbedded  in  masses  of  connective  tissue.  The  treatment  is 
excision.  If  incompletely  removed  the  growth  will  return. 

Fibroma  of  the  Eyelid. — This  disease,  known  also  as  the  painful  sub- 
cutaneous tubercle  of  Wood,  may  be  found  in  the  lid  as  a small,  hard, 
rounded  mass,  usually  remaining  stationary  after  reaching  a certain  size. 
It  is  subject  to  attacks  of  radiary  pain.  Such  a growth  is  usually  freely 
movable,  and  its  true  nature  is  likely  to  be  revealed  only  after  removal. 
Microscopic  section  shows  the  mass  to  consist  of  bundles  of  densely  packed 
fibrous  tissue  containing  numerous  blood-vessels. 

Naevus  Vasculosus  is  frequently  seen  and  is  easily  recognized.  It  is 
congenital  and  occurs  about  the  eyelids  not  infrequently.  Naevi  are  round- 
ish or  irregular  in  shape  and  size,  and  bright  red,  violaceous,  or  blue  in 
color.  They  are  very  vascular,  being  essentially  composed  of  dilated  or 
hypertrophied  blood-vessels.  Angioma  cavemosum  is  very  vascular  and 
at  times  pulsating;  angioma  simplex  is  non-elevated.  The  most  common 
variety  involving  the  integument  of  the  eyelids  and  the  sclera  is  the  nsevus 
flammeus,  or  port-wine  mark.  Vascular  tumors  of  the  lids  may  bleed 
either  spontaneously  or  in  response  to  slight  trauma.  The  best  treatment 
of  naevus  vasculosus  is  by  means  of  electrolysis,  or  by  superficial  cauteriza- 
tion; and  even  then  it  is  prone  to  recurrence. 

If  the  case  comes  under  treatment  shortly  after  birth,  painting  with 
collodion  may  give  good  results. 

Lymphoma  of  the  Eyelids  (Lymphangioma). — This  form  of  growth, 
which  is  rarely  observed,  appears  as  an  enlargement  of  the  eyelid,  either 
alone  or  associated  with  similar  growths  in  the  orbit,  the  mouth,  axilla, 
etc.  In  the  eyelid  a lymphoma  forms  an  elongated  ja^age-shaped  tumor, 
elastic  and  painful.  The  skin  over  the  mass  is  often  tense,  shining,  and 
traversed  by  dilated  veins.  The  surface  of  the  growth  is  slightly  lobulated, 
and  may  be  small  or  so  large  as  to  conceal  the  eyeball.  Lymphoma  develops 
in  the  course  of  leukemia  and  pseudoleukemhi.  Optic  neuritis,  retinitis,  and 
retinal  hemorrhages  are  often  preseui  m these  diseases.  Lymphoma  of 
the  eyelids  may  appear  at  any  period  of  life,  but  is  most  frequent  in  middle 
age.  The  prognosis  is  unfavoi/ble.  Extirpation  of  the  growths  seems  to 
be  of  only  temporary  value.  Hionner  has  recorded  a case  which  was  cured 
by  the  prolonged  internal  ise  of  arsenic. 

Mikulicz’s  Diseare  bilateral  lymphomata  of  the  lacrimal,  parotid,  and 
submaxillary  gland\  produces  great  enlargement  of  the  eyelids.  The  dis- 
ease is  a chronic,  i on  inflammatory  affection  and  is  not  associated  with  any 
demonstrable  systemic  condition.  The  prognosis  is  favorable.  Treat- 
ment by  aisen  c the  iodids,  and  pilocarpin  has  given  fair  results. 
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Carcinoma  of  the  Lid  (Epithelioma;  Rodent  Ulcer). — Cancer  of  the 
lid  is  a malignant  growth  consisting  chiefly  of  epithelial  cells  and  arising 
from  mucous  or  cutaneous  surfaces.  On  microscopic  section  it  presents 
characteristic  cell-formations  called  “nests.”  While  epithelioma  and  rodent 
ulcer  present  practically  the  same  microscopic  changes,  their  clinical  feat- 
ures are  sufficiently  different  to  demand  separate  descriptions. 

Epithelioma  develops  most  frequently  from  mucocutaneous  junctions. 
In  its  earliest  stage  it  may  appear  as  a wart,  a nodule,  or  a fissure.  After 
a time  ulceration  occurs,  the  ulcer  having  indurated,  everted,  or  under- 
mined edges.  Sooner  or  later  the  neighboring  lymphatic  (pre-auricular, 


Fig.  149. — Microscopic  section  c*  ir  cpitlielioma  of  the  eyelid.  (Author.) 

(Original  o.ivi  ig  by  Du.  Caul  Fisch.) 

J,  Boundary  between  normal  and  ep  the»‘onratous  tissue,  t,  Connective  tissue.  5,  Small  vessel. 

4,  Epithr  lial  nc&L,.  6,  Small  round-cell  infiltration. 

submaxillary)  glands  a^e  involved.  The  process  extends  and  ends  in  death 
by  hemorrhage  or  exhaustion.  There  is  little  pain,  of  an  itching  or  shoot- 
ing character,  in  the  mrlier  stages  of  the  disease.  Later,  when  the  destruc- 
tion of  tissue  is  extensive,  the  suffering  is  severe.  The  disease  occurs  chiefly 
in  persons  pas1-  the  middle  period  of  life,  and  is  more  frequent  in  men  than 
in  women. 

Dl'cnosis. — Epithelioma  is  to  be  differentiated  from  syphilitic  nodules 
and  gummata,  rodent  ulcer,  lupus,  chancre,  and  tuberculosis.  In  syphilitic 
accesses  the  progress  of  the  disease  is  usually  rapid  and  the  history  is  that 
of  infection.  In  gummatous  ulceration  there  is  no  hardness  around  the 
ulcers,  which  are  multiple  and  punched-out  and  present  an  abundant  puru- 
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lent  discharge.  In  epithelioma  the  process  is  slow  and  the  discharge  scanty, 
thick,  and  bloody.  Chancre  may  be  differentiated  by  its  history  and  rapid 
development.  When  there  is  any  doubt  as  to  the  diagnosis,  a Wassermann 
test  should  be  made;  or  antisyphilitic  treatment  may  be  tried  for  a few 
weeks.  Lupus  presents  multiple  lesions,  which  begin  in  childhood  or  youth 
and  usually  are  associated  with  lupus  of  the  nose  or  cheek.  Lupus  shows  an 
ulcer  of  a saucer  shape,  with  an  abundant,  non-purulent  discharge,  free 
from  blood,  and  not  offensive.  Adjoining  the  ulcer  are  numerous  soft, 
brownish,  semitranslucent  tubercles.  Accompanying  the  process  is  consider- 
able inflammation,  causing  the  lid  to  be  red  and  swollen.  The  disease  often 
begins  in  the  palpebral  conjunctiva  and  eats  into  the  lid.  It  is  possible, 
however,  for  epithelioma  to  be  ingrafted  upon  lupus.  Rodent  ulcer  is  de- 
scribed in  a separate  paragraph.  A broad,  flat,  slowly  growing  epithelioma 
which  has  destroyed  the  lid-margin  and  invaded  the  conjunctiva,  which 
presents  a mammillated  appearance,  may  so  closely  resemble  tuberculosis  that 
only  a microscopic  examination  can  determine  the  diagnosis. 

Prognosis  and  Treatment. — Left  to  itself,  epithelioma  is  fatal.  Re- 
moved early,  it  offers  a fair  prognosis.  If  neglected  until  after  granular 
involvement  has  occurred,  the  prognosis  is  unfavorable,  return  of  the  growth 
after  excision  being  the  rule.  Treatment  by  the  Roentgen  ray,  by  Finsen’s 
light,  and  particularly  by  radium  has  given  good  results.  If  neglected, 
epithelioma  of  the  eyelid  will  extend  to  the  eyeball  and  will  necessitate 
enucleation.  In  the  treatment  escharotics  are  not  to  be  ranked  with  excision. 
At  the  time  of  removal  of  the  growth  by  means  of  the  knife  a suitable 
plastic  operation  should  be  made  to  cover  the  defect. 

Rodent  Ulcer  (Jacob’s  Ulcer;  Cancroid  Ulcer). — This  is  a slowly 
growing  ulcer  of  the  face,  generally  involving  the  eyelids.  Histologically 
it  is  a carcinoma,  and  is  often  described  as  a form  of  epithelioma.  Clinic- 
ally it  presents  features  which  serve  to  distinguish  it  from  epithelioma. 
The  essential  facts  of  rodent  ulcer  were  described  by  A Jacob,  in  1827,  in 
these  words : “The  characteristic  features  of  this  disease  are  the  extraordi- 
nary slowness  of  its  progress;  the  peculiar  condition  of  the  edges  and  sur- 
face of  the  ulcer;  the  comparatively  inconsid mab'e  suffering  produced  by 
it;  its  incurable  nature,  unless  by  extirpation;  and  its  not  contaminating 
the  neighboring  lymphatic  glands.”  Jacob’s  ulcer  begins  as  a small  nodule 
with  depressed  centre,  of  firm  consistent  and  brownish-red  color.  After  a 
variable  period  the  skin  breaks,  leaving  an  ulcer  with  undermined  edges 
and  infiltrated  border.  This  becomes  broader  and  deeper,  destroying  all 
tissues,  including  the  bones,  ft  extends  in  the  direction  of  the  orbit,  and 
often  the  eyeball  falls  out.  Its  etiology  is  obscure  and  the  prognosis  must 
be  guarded.  The  treatment,  n the  same  as  that  for  epithelioma. 

Sarcoma  of  the  Eyelid. — About  fifty  cases  of  sarcoma  of  the  eyelid 
have  been  publishet  (Veasey).  The  youngest  patient  was  seven  months 
of  age  and  the  oldest  seventy-six  years.  The  size  varied  from  that  of  a pin- 
head to  that  of  ; ,r.  apple.  In  rare  instances  all  four  lids  have  been  involved, 
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and  in  16  per  cent.,  principally  children,  the  disease  caused  death.  There 
was  more  or  less  pigment  in  26  per  cent,  of  the  cases.  The  disease  returns 
in  probably  50  per  cent.  In  four  ca^es  the  neoplasm  was  attributed  to 
trauma.  The  symptoms  are  practically  those  of  chalazion.  A tumor  is 
present  between  the  skin  and  tarsus.  It  develops  gradually  without  pain. 
In  the  pigmented  cases  the  discoloration  will  aid  in  the  diagnosis,  which 


Eig.  150. — Rodent  ulcer.  (Grixdon.) 

otherwise  must  remain  in  doubt  until  after  microscopic  examination.  The 
growth  is  encapsulated  to  a greater  or  less  extent  in  about  11  per  cent,  of 
cases.  The  prognosis  must  be  guarded.  The  treatment  includes  excision, 
the  'isc  of  radium,  and  the  x-ray.  The  growth  niav  return  locally  or 
Uiotastatically.  Veasey  states  that  38.5  per  cent,  were  spindle-cell,  38.5  per 
Cciit.  round-cell,  and  23  per  cent,  mixed-cell  sarcomas. 

Adenoma  of  the  Meibomian  Glands  is  a rare  form  of  tumor.  The 
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growth  involves  the  lids,  which  become  nodular.  Eversion  of  the  lid  shows 
yellowish,  nodular  masses  involving  the  Meibomian  glands.  The  growth 
causes  the  eyelid  to  become  stiff  and  board-like.  Knapp  has  reported  a case 
and  has  found  nine  others  in  literature.  The  mass  should  be  excised  and 
examined  microscopically.  Adenocarcinoma  of  the  lid  is  an  extremely 
rare  disease. 

Noma  of  the  Eyelids  (Spontaneous  Gangrene;  Phagedenic  Ulceration). 

— This  rare  condition  has  been  observed  by  Eushmore,  Derby,  Hilbert, 
Marlow,  Eoger  and  Weill,  and  Morax.  The  disease  appears  in  emaciated 
infants  and  children.  It  is  characterized  by  swelling  of  the  lid,  the  forma- 
tion of  a pimple  which  is  soon  converted  into  a pustule  and  is  followed  by 
ulceration,  and  the  presence  of  a thin  conjunctival  discharge.  The  skin, 
conjunctiva,  and  intervening  structures  soon  break  down,  and  may  be  partly 
or  entirely  destroyed.  The  ulcer  presents  sharply  defined,  undermined 
edges,  bordered  by  a zone  of  darkly  congested  skin.  There  is  greenish  pus 
and  a dirty  slough.  The  cornea  is  opaque  and  ulcerated  and  perforation 
results.  The  ulceration  may  spread  into  the  eyebrow  and  on  to  the  cheek. 
The  bacterial  cause  of  noma  has  not  been  determined.  The  prognosis  in 
these  cases  will  depend  on  the  time  when  the  patient  is  brought  for  treat- 
ment and  on  the  general  condition.  Cleansing  and  antiseptic  treatment  will 
be  in  order  locally,  and  supportive  measures  internally.  In  Marlow’s  case 
Labarraque’s  solution  was  used  with  benefit.  The  administration  of  diph- 
theria antitoxin  has  been  strongly  recommended. 

Colloid  Degeneration  of  the  Skin,  a rare  disease  of  which  five  authentic 
cases  are  on  record,  involves  at  times  the  forehead,  bridge  of  the  'ose,  eye- 
lids, and,  in  some  instances,  the  conjunctiva.  The  diagnosis  can  bt-  made 
only  by  a competent  dermatologist. 

Hyperidrosis,  or  excessive  sweating,  is  noted  in  connection  with  the 
disease  occurring  on  the  face  and  body.  It  may  be  co^liuej  to  the  lids  of 
one  eye  when  there  is  unilateral  facial  hyperidrosis.  In  tnis  case  it  indi- 
cates an  irritation  or  lesion  of  the  sympathetic  rc^n 

Chromidrosis,  or  colored  sweat,  is  occasionally  observed  affecting  the 
eyelids,  and  may  be  either  yellow,  red,  or  bine.  It  may  be  that  only  one- 
half  of  the  lids  is  affected,  and  when  this  occurs  it  is  the  outer  half.  The 
majority  of  these  patients  are  women,  in  hysterical  subjects  the  disease  is 
often  simulated,  ordinary  coloring  snhstances — such  as  indigo,  soot,  and 
plumbago — being  used  to  carry  cm,  the  deception. 

Phosphoridrosis  and  Ui:cLo&is,  or  phosphorescent  and  urinous  sweat, 
are  seen  about  the  eyelids  and  always  in  connection  writh  a generalized  form 
of  the  diseases,  which  dput.n  l upon  a general  involvement  of  the  system. 

Sudamina,  which  consists  of  pinpoint-  to  pinhead-  sized  vesicles,  usu- 
ally occurring  upen  the  hands,  is  also  rarely  observed  upon  the  eyelids. 
It  is  caused  by  i too  rapid  formation  of  sweat,  and  is  observed  in  summer. 
The  applicatioi  ivrice  a day  of  a 1-per-cent,  strength  solution  of  chromic 
acid  will  rapidly  cause  its  disappearance. 
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The  disorders  of  secretion  of  the  cutaneous  glands  of  the  skin,  which 
are  most  frequently  seen,  embrace  those  of  the  sebaceous  and  of  the  sweat- 
glands. 

Seborrhea  is  observed  at  times  upon  the  upper  eyelid  in  the  dry  form 
and  on  both  lids  in  the  oily  form.  Here  it  is  not  only  necessary  to  use 
internal  treatment,  but  local  applications,  preferably  in  the  form  of  sulphur 
ointment  or  a mixture  of  equal  parts  of  5-per-cent,  .oleate  of  mercury  and 
precipitated  sulphur,  mixed  with  a base  of  cold  cream  (unguentum  aquae 
rosae). 

Miliaria,  or  lichen  tropicus,  better  known  as  “prickly  heat,”  is  a 
common  affection  of  the  eyelids  in  summer.  It  is  easily  recognized,  and 
occurs  most  frequently  in  fat  babies.  In  these  a mild  conjunctivitis  is  a 
very  common  accompaniment.  An  efficient  as  well  as  rapid  treatment  of 
the  skin  eruption  is  by  the  application,  three  or  four  times  daily,  of  a mild 
solution  of  sulphate  of  copper  (gr.  x to  §vj  of  water). 

Milium  is  perhaps  at  times  a retention  cyst  of  the  sebaceous  glands. 
Recent  investigation  has  shown  that  the  small  tumor  is  an  agglomeration 
of  the  prickle  layer  of  the  epidermis  which  has  become  snared  off  intc  the 
corium  during  embryonic  life.  It  is  often  observed,  chiefly  about  tb ; ic  ver 
eyelid,  but  often  on  the  upper  one  also.  While  occasionally  corgemLal,  it 
is  usually  not  observed  until  after  puberty.  Milia  may  occu~  parsely  or 
may  be  thickly  studded  over  the  affected  area.  The  lower  li  1 is  more  often 
affected  than  the  upper  one,  and  the  tendency  of  the  distribution  of  the 
lesions  is  said  to  be  rather  toward  the  outer  can  thus  77hen  occurring  in 
patches,  the  disease  may  resemble  xanthoma.  Tii**  ^leatment  is  simple, 
consisting  in  the  enucleation  of  every  milium  with  p milium  needle,  at  the 
same  time  destroying  the  lining  membrane  of  ihe  little  cyst  to  prevent  the 
condition  from  recurring. 

Acne  Rosacea  occurs  about  the  eyelids  in  severe  cases  and  is  inclined 
to  be  chronic  in  this  locality,  as  the  li  is  aie  not  only  congested,  but  involved 
in  a certain  degree  of  chemosis.  The  diagnosis  is  rendered  easy  by  the 
presence  of  the  trouble  in  the  face  Lotions  are  to  be  avoided,  as  they  are 
apt  to  produce  irritation  of  tin  conjunctiva.  Ointments  containing  from  15 
to  30  grains  of  sulphur  t o th  3 ounce  of  simple  cerate,  applied  twice  daily, 
will  act  favorably. 

Asteatosis,  or  the  J°jk  of  secretion  of  sebum,  requires  particular  atten- 
tion, as  its  prono  raced  stage  will  produce  ectropion.  Here  the  regular 
application  of  animal  fats  and  the  internal  administration  of  arsenic  will 
procure  the  best  results.  Little  hope  of  permanent  recovery  can  be  held  out. 

Steatonn,  which  is  supposed  to  belong  to  the  class  of  dermoids,  is  not 
infrequently  seen  about  the  lids.  As  a rule,  there  is  but  one,  and  most 
usually  it  is  about  the  outer  canthus  of  the  upper  or  lower  lid.  The  growth 
oi  these  cysts  is  slow,  and  they  are  due  to  some  injury  to  the  opening  of 
roe  sebaceous  gland.  The  tumor  is  round  and  smooth  and  varies  from  the 
size  of  a pinhead  to  that  of  a hazelnut.  It  contains  broken-down  epithelial 
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cells,  forming  a pnltaceons  mass.  These  tumors  have  well-defined  walls. 
They  occur  in  children  as  well  as  in  adults.  The  treatment  is  to  incise  the 
tumor,  empty  it  of  its  contents,  and  tear  out  the  lining  sac.  A rapid  recov- 
ery follows,  and  a well-done  operation  in  a few  days  shows  no  sign  of  having 
been  performed. 

Chalazion  (Meibomian  Cyst;  Tarsal  Tumor;  Hailstone)  is  a tumor 
of  the  eyelid  which  is  generally  described  as  a Meibomian  cyst.  It  is  not 
directly  a cyst,  but  a mass  of  granulation  tissue  scantily  supplied  with  ves- 
sels and  tending  to  necrosis.  The  cyst  develops  only  secondarily  by  the 
breaking  down  of  granulation  tissue.  The  tumor  starts  primarily,  not  from 
glandular  tissue,  but  from  infection,  and  is  due  frequently  to  the  tubercle 
bacillus.  Histologically  a chalazion  is  composed  of  typical  tuberculous  tis- 


Fig.  151. — Microscopic  section  of  a chalazion.  (Author.) 

(Original  drawing  by  Dr.  Carl  Fisch.) 

1,  Meibomian  gland  cut  across.  2,  2,  Areas  of  round-cell  infiltrat'.o*.  Artery.  4,  Conjunctival 
epithelium.  5,  Giant  cell.  6t  Epithelioid  coll. 

sue,  presenting  numerous  round  cells,  epithedcid  cells,  and  occasionally  a 
giant  cell  (Fig.  151).  Recently  Hala  examined  twelve  cases  of  chalazion 
histologically  and  bacteriologically  and  constantly  found  a bacillus  identical 
with  the  xerosis  bacillus.  He  belie  ves  that  these  bacilli,  which  often  are 
found  normally  in  the  conjunctival  sac,  are  rubbed  into  the  tissues,  where 
they  produce  chalazia.  Fisch,  ef  St.  Louis,  has  demonstrated  the  presence 
of  tubercle  bacilli  in  giant  cells  found  in  chalazia. 

Symptoms. — A chalazion  forms  a round,  hard,  small  tumor  situated 
commonly  in  the  middle,  of  the  lid  near  its  border.  It  is  more  frequent 
in  the  upper  than  in  the  lower  lid,  and  is  more  often  found  in  adults  than 
in  children.  It’  progress  may  be  in  the  direction  of  the  conjunctiva  (in- 
ternal chalazion)  or  toward  the  skin  (external  chalazion).  When  the  lid 
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is  everted  the  conjunctiva  over  the  chalazion  is  found  to  be  red  and  thick- 
ened, and  in  advanced  cases  a bluish  or  grayish  spot  is  seen  corresponding 
to  the  thinned  tarsus.  Several  chalazia  may  be  present  at  the  same  period 
or  single  tumors  may  develop  from  time  to  time.  As  a rule,  chalazion  is 
painless,  and  causes  inconvenience  only  when  it  attains  a considerable  size, 
in  which  case  the  eyelid  may  droop  and  the  tumor  will  cause  a deformity. 
Not  infrequently  chalazia  disappear  spontaneously.  When  perforating  the 
conjunctiva,  the  chalazion  leaves  granulations  and  thus  may  simulate  a 
malignant  growth.  The  growth  of  a chalazion,  while  generally  slow,  may 
be  rapid.  Acute  chalazion  may  develop  rapidly,  with  pain,  swelling,  and 
localized  conjunctivitis.  The  growth  may  undergo  suppuration,  in  which 
case  it  resembles  a stye. 

Etiology. — Chalazion  is  due  to  infection.  It  is  aggravated  by  errors 
of  refraction  and  by  conjunctivitis.  At  least  20  per  cent,  of  individuals 
with  chalazion  suffer  with  tuberculosis;  in  70  per  cent,  conjunctivitis  and 
blepharitis  are  present;  in  30  per  cent,  there  is  lacrimal  stricture;  27  per 
cent,  are  ametropic,  and  12  per  cent,  have  scrofula  (Strzeminski). 

Diagnosis. — Acute  chalazion  is  to  be  differentiated  from  hordeolum 
by  the  diffuse  appearance  of  the  latter.  The  “pointing”  of  hordeolum  is 
noticeable.  Chronic  chalazia  may  be  mistaken  for  sebaceous  cysts.  Here 
the  firm  attachment  of  the  chalazion  to  the  tarsus  will  clear  the  di  ignosis. 
Sarcoma  of  the  eyelid  may  so  closely  resemble  chalazion  that  .he  diagnosis 
can  be  made  at  an  early  stage  only  by  microscopic  examination.  Kecur- 
rence  of  a lid  tumor  soon  after  removal  will  cause  suspicion  of  malignancy. 

Treatment. — Acute  chalazion  should  be  treated  by  incision  and  the 
frequent  application  of  hot  compresses.  Chronic  cha  azion  may  sometimes 
be  cured  by  the  daily  use  of  massage  and  the  application  of  mercurial  or 
iodin  ointments.  The  iodid  of  cadmium  is  rt  commended  because  of  not 
staining  the  skin.  If,  after  several  weeks’  trial,  this  plan  of  treatment  fails, 
the  case  will  call  for  surgical  intervention  as  described  elsewhere  in  this 
chapter.  In  cases  of  recurring  chalazia  if  will  be  necessary  to  give  careful 
attention  to  the  general  health  and  to  the  correction  of  errors  of  refraction. 

Alopecia  and  Alopecia  A reo ta,  or  progressive  baldness  and  baldness 
in  spots,  are  observed  to  af  ect  the  eyebrows.  Local  stimulating  applications 
and  appropriate  general  treatment  will  be  found  to  he  the  most  efficient 
means  to  procure  good  r^salts.  Hysterical  alopecia  of  the  lids  is  sometimes 
seen  in  neurotic  fr  mules  and  in  hysterical  children  of  both  sexes.  Such 
subjects  systematically  pull  out  the  cilia. 

Parasitic  Sain  Diseases  are  very  rarely  observed  upon  the  eyelids,  that 
which  is  must  ordinarily  seen  being  due  to  the  pediculus  pubis.  These 
pedicub  are  occasionally  found  to  infest  the  eyelashes  of  infants,  and  in 
consequence  to  produce  tinea,  leading  to  acute  conjunctivitis  and  blepharitis 
(phtheiriasis;  blepharitis  pediculosa).  The  treatment  consists  in  picking 
off  the  pediculi  and  applying  a soothing  lotion  to  the  affected  eye. 

Mosquitoes,  fleas,  and  bedbugs  occasionally  attack  the  eyelids  of  sleeping 
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persons  and  produce  lesions.  These  may  be  small  red  papules  with  a scarlet 
central  point  or  wheals,  and  should  be  treated  by  means  of  a soothing 
ointment.  The  parasite  must  be  looked  for  and  removed. 

Favus  of  the  Eyelids  is  an  exceedingly  rare  disease,  only  five  cases 
having  been  reported.  The  disease  first  shows  itself  as  yellowish-red  ves- 
icles, which  are  painful.  Later  there  is  a dry,  fissured  crust,  elevated  above 
the  level  of  the  surrounding  skin.  The  crust  is  of  a sulphur-yellow  color, 
and  its  centre  shows  a depression,  with  a variety  of  colors  varying  from 
white  to  sepia  brown.  Microscopic  examination  shows  the  presence  of  the 
sporidia  and  mycelia  of  achorion  Schoenleinii.  11  he  treatment  consists  in 
the  use  of  an  oiled  compress  in  the  evening  and  frequent  washings  with 
bichlorid  solution  (1  to  4000). 

Cysticercus  of  the  Eyelid  is  an  exceedingly  uncommon  affection.  It 
may  involve  either  eyelid  or  may  be  found  beneath  the  skin  of  the  eyebrow* 


Fig.  152. — Varioloid  of  the  eyelids.  (VON  Amvcv.; 
The  patient  had  suffered  a previous  enucleation 


It  develops  without  inflammatory  symptoms,  and  forms  a round,  elastic, 
movable  tumor  which  is  likely  to  be  mistaken.  for  an  ordinary  cyst.  Opera- 
tion will  show  its  true  character. 

Variola  manifests  itself  on  the  evelids  in  the  papular,  vesicular,  and 
pustular  stages.  The  integument  become;  swollen-  and  edematous  as  well 
as  bright  red  in  color.  A more  or  less  marked  conjunctivitis  shows  itself, 
and  it  is  sufficiently  severe  to  cause  the  escape  of  an  appreciable  quantity 
of  mueo-purulent  secretion.  The  eyelids  themselves  burn  and  itch.  Efforts 
to  relieve  this  by  rubbing  with  the  fingers  will  produce  inoculation  of  non- 
affected  parts  of  the  skin  '-nd  of  the  conjunctiva.  An  efficient  means  of 
treating  the  itching  is  bv  the  use  of  red  rays,  which  not  only  alleviate  this 
symptom,  but  prerei-t  subsequent  pitting.  In  any  event,  the  further  devel- 
opment of  pus  must  be  arrested.  This  is  to  be  done  by  applications  and 
instillatiors  o:  efficient  antiseptics.  The  eruption,  although  not  commonly 
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severe  on  the  lids,  being  usually  discrete  in  its  distribution,  at  times  is 
aggregate  and  even  confluent. 

Vaccinia  of  the  Eyelid  is  rarely  observed.  The  virus  is  carried  by  the 
fingers  to  the  margin  of  the  lid,  where  it  causes  an  ulcer.  Pain,  swelling, 
and  redness  of  the  lid,  conjunctivitis,  and  tenderness  and  enlargement  of 
the  pre-auricular  and  submaxillary  glands  are  present.  There  is  generally 
some  fever  and  malaise.  The  condition  is  readily  differentiated  from  syph- 
ilis by  the  history  of  the  case.  In  about  a week  crusts  fall  from  the  lid,  the 
ulcer  heals,  and  recovery  is  complete.  Aside  from  cleanliness,  these  cases 
require  no  treatment. 

Varicella  is  not  frequently  seen  to  manifest  itself  in  the  eyelids.  When 
it  does,  it  is  not  severe  in  character,  perhaps  only  one  lesion  being  found. 
The  subjective  symptoms  are  practically  nil . There  is  little,  if  any,  itching 
until  after  a crust  forms.  Patients  will  invariably  make  attempts  to  remove 
this,  leaving  a marked  and  comparatively  deep  pit.  The  scar  is  marked, 
but  on  account  of  the  scarcity  of  lesions  it  produces  only  slight  deformity. 
The  treatment  of  the  disease  is  purely  symptomatic. 

Scarlatina  manifests  itself  about  the  eyes  in  the  form  of  a catarihal 
conjunctivitis,  accompanied  by  a more  or  less  severe  chemosis.  The  ej> 
lids  are  of  a scarlet  color,  more  or  less  marked  edema  exists,  and  an  >iense 
sense  of  burning  is  present.  The  edema  is  so  severe  in  some  case,  tnat  the 
patient  is  unable  to  open  the  eyes.  It  is  likely  to  be  mistaker  erysipelas 
by  those  who  do  not  carefully  observe  the  other  symptom:  p *esent.  When 
the  stage  of  desquamation  has  been  reached,  large,  thin  scales  will  separate 
from  the  eyelids.  Care  should  be  taken  that  thesj  a."e  not  torn  off.  Mild 
astringent  ointments  should  be  used  in  this  stage,  whereas  cooling  lotions 
are  indicated  in  the  acute  stage  of  the  disease.  The  conjunctivitis  should 
be  treated  appropriately. 

Rubeola,  or  measles,  also  attacks  the  eyes  in  a manner  similar  to  scar- 
latina. In  this  case  the  eyelids  present  the  characteristic  splotches  observed 
upon  other  parts  of  the  skin.  The  conjunctival  inflammation  is  distinctly 
catarrhal.  The  involvement  of  iV  hds  and  conjunctiva  is  of  a mild  type, 
and  is  to  be  controlled  by  the  us?  of  sedative  and  mild  astringent  lotions. 
When  desquamation  begin*  a neutral  ointment  should  be  applied. 

Blepharochalasis,  a relaxation  of  the  palpebral  skin,  has  been  described 
by  Fuchs,  Hotz,  Starkey  and  others.  Following  recurrent  angioneurotic 
edema,  the  skin  los  ?s  .’ts  attachment  to  the  tarsus,  so  that,  when  the  eyelid 
is  raised  and  slides  over  the  eyeball,  the  skin  is  not  retracted  with  it,  but 
falls  over  the  ^racting  eyelid.  The  condition  can  be  cured  by  excising 
a portion  of  redundant  skin  and  anchoring  the  palpebral  skin  to  the  tarsus. 

Emphysema  of  the  Eyelids.— A collection  of  air  in  the  cellular  tissue 
of  tn  eyelids  not  infrequently  follows  a compound  fracture  of  the  nasal 
boi.es  or  an  operation  upon  the  lacrimal  canal.  In  either  case,  the  patient, 
h>  blowing  the  nose,  forces  air  into  the  cellular  tissue.  There  is  pain, 
sadden  and  great  swelling  of  the  lid,  and  air-tumefaction.  Palpation  gives 
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a sense  of  crepitation  and  a peculiar  soft  feeling  like  that  of  a feather  bed. 
The  air  conies  from  one  or  more  of  the  adjacent  cavities:  the  nasal  fossa, 
ethmoidal  cavity,  frontal  sinus,  or  antrum  of  Highmore.  Emphysema  may 
follow  the  operation  of  opening  the  ethmoid  cells.  Douglass  has  recorded 
cases  in  which  emphysema  of  the  upper  lid  followed  an  attempt  to  blow 
secretions  from  the  nose,  in  patients  who  had  suffered  no  operation  or 
trauma.  In  these  cases  there  was  probably  a pathologic  opening  between 
the  ethmoid  cells  and  the  orbit.  The  prognosis  of  emphysema  is  favorable. 
A compress  bandage  should  be  applied. 

Vicarious  Menstruation  Through  the  Skin  of  the  Lids  has  been  observed 

in  a few  instances. 

Blepharitis  Marginalis  (Blepharitis;  Ophthalmia  Tarsi;  Tinea  Tarsi; 
Seborrhea  of  the  Palpebral  Margins ; Blepharitis  Ciliaris ; Blepharitis 
Ulcerosa;  Psorophthalmia ; Sycosis  Tarsi;  Blepharo-adenitis) .—These  terms 
are  applied  to  several  varieties  of  chronic  inflammation  involving  the  mar- 
gins of  the  eyelids  (Fig.  3,  Plate  VII). 

Hyperemia  of  the  Lid-margins  is  present  in  persons  who  do  an 
excessive  am6unt  of  work  at  near  points  (writers,  watchmakers,  sewing- 
women)  or  follow  their  vocations  in  a vitiated  atmosphere  or  under  un- 
favorable illumination.  It  is  common  in  persons  with  errors  of  refraction 
and  in  those  who  are  addicted  to  the  use  of  alcohol  and  tobacco.  When, 
in  addition  to  hyperemia,  small  scales  form  on  the  lid-margins,  the  con- 
dition is  known  as  blepharitis  squamosa . If  the  lid-border  becomes  covered 
with  yellow  crusts,  which,  when  removed,  leave  ulcerated  areas,  the  disease 
is  known  as  blepharitis  ulcerosa  or  eczematosa. 

1.  In  Blepharitis  Squamosa  ( seborrhea  of  the  li&border;  blepharitis 
ciliaris)  the  lid-margin  is  reddened,  the  palpebral  conjunctiva  k In  peremic, 
and  the  space  between  the  cilia  is  filled  with  small,  thin,  whitish  scales 
resembling  dandruff.  The  scales  can  be  removed  imperfectly  by  washing, 
or  thoroughly  with  the  forceps,  leaving  the  lid-margin  reddened  and  suc- 
culent, but  not  ulcerated.  The  cilia  fall  out  easilv.  They  soon  grow  again. 
Instead  of  the  scaly  formation  mentioned,  the  ill- margins  may  present 
yellow  crusts,  with  no  underlying  ulceration,  due  io  the  drying  of  excessive 
sebaceous  secretion.  Patients  with  blepharitis  complain  of  a burning  or 
itching  sensation.  Generally  there  is  also  f resent  a chronic  type  of  catar- 
rhal conjunctivitis,  with  a slight  formation  of  mucus,  which  may  at  times 
spread  over  the  cornea  and  cause  m mjentary  blurring  of  vision.  The  eyes  are 
sensitive  to  light,  heat,  and  dust.  They  tire  easily  and  styes  often  are  present. 

2.  Blepharitis  Ulcerosa. — -T his  is  a more  severe  process.  The  lashes 
are  matted  together  with  vfllow  crusts.  On  their  removal  a raw  bleeding 
surface  remains.  From  the  centre  of  each  yellow  elevation  a cilium  arises. 
The  lid  presents  numerous  abscesses  from  suppuration  in  the  hair-follicles 
and  their  sebaceous  glands.  It  shows  an  irregular,  worm-eaten  condition 
from  the  cicaMes  of  healed  abscesses  and  the  extension  of  those  yet  exist- 
ing. Where  tl  ie  cicatrices  exist,  the  cilia  are  absent  because  of  destruction 
of  their  follicles.  When  blepharitis  ulcerosa  has  existed  for  a long  time, 
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few  cilia  remain,  and  those  present  are  often  found  in  small  tufts  glued 
together  with  dried  secretion.  This  form  of  lid  inflammation  is  much  more 
serious  in  its  sequelae  and  prolonged  in  its  course  than  the  squamous 
variety.  The  sequelae  are  chronic  catarrhal  conjunctivitis,  destruction  of 
the  cilia  (madarosis),  trichiasis,  hypertrophy  of  the  lid-margin,  which 
becomes  rounded  and  bordered  with  fleshy-looking  conjunctiva  (tylosis), 
ectropion,  persistent  lacrimation  from  eversion  of  the  puncta,  blepharo- 
spasm, photophobia,  and  eczema  of  the  face.  These  conditions  react  upon 
the  blepharitis,  thus  establishing  a vicious  circle.  When,  in  an  old  case  of 
blepharitis  ulcerosa  the  “lid-border  becomes  smooth,  red,  glazed,  everted, 
thickened,  weeping,  and  destitute  of  lashes,”  the  term  lippitudo  is  applied. 

Etiology  and  Pathology.  — Blepharitis  marginalis  is  a common 
disease  among  children  and  scrofulous  subjects.  It  is  particularly  frequent 
in  blondes.  Seborrhea  of  the  lid-margin  may  follow  in  the  wake  of  a similar 
disease  in  the  hairy  scalp.  Eczema  of  the  lid-margins  is  generally  asso- 
ciated with  eczema  of  the  scalp,  ear,  and  face.  Uncorrected  or  improperly 
corrected  errors  of  refraction  certainly  increase  the  local  trouble,  if  indeed 
they  do  not  cause  it.  Often  blepharitis  follows  one  of  the  exanthematous 
diseases  of  childhood.  It  is  frequently  associated  with  naso-pharyngoal 
disease  and  with  stenosis  of  the  lacrimo-nasal  duct.  Staphylococci  are 
found  in  the  eczematous  form  of  blepharitis.  A minute  parasite  inhabiting 
the  sebaceous  follicles,  demodex  folliculorum,  is  regarded  as  a.  cause;  and 
a vegetable  growth,  the  trichophyton  fungus  has  been  observed  in  some 
cases.  The  etiologic  importance  of  the  demodex  folliculorum  is  doubted 
by  Sulzer,  who  found  it  in  the  normal  lids  of  on p person  in  six  examined. 
Raehlmann  has  applied  the  term  blepharitis  acanna  to  tnose  cases  in  which 
this  parasite  has  been  found. 

Erom  what  has  been  stated  it  is  evident  that  the  pathologic  changes 
in  this  disease  concern  chiefly  the  gland:  and  cilia  in  the  simple  forms, 
and  in  addition  thereto  the  adjacent  structures  are  involved  in  the  ulcerous 
form. 

Diagnosis. — Blepharitis  may  cc  confounded  with  conjunctivitis.  If, 
after  removal  of  crusts,  the  fkio  of  the  lid-margin  is  normal,  the  case  is 
one  of  conjunctivitis.  Ii  blepharitis  this  area  is  either  reddened  or  red- 
dened and  ulcerated.  In  phtheiriasis  of  the  lids  the  lid-borders  look  dark 
from  the  presence  of  the  nits  of  crab-lice  on  the  lashes.  Careful  examina- 
tion under  a magnifying  glass  will  clear  the  diagnosis.  This  affection, 
which  itself  sometimes  causes  blepharitis,  is  found  almost  exclusively  in 
children. 

Prognosis. — Blepharitis  squamosa  offers  a favorable  prognosis.  The 
eczemato.is  form  is  somewhat  rebellious  to  treatment.  Either  form  may 
persist  *or  months  or  years,  yet  the  majority  will  be  cured.  For  madarosis 
t»  ere  ±s  no  efficient  treatment. 

Treatment. — Many  patients  with  blepharitis  require  tonic  treatment. 
Attention  should  be  given  to  the  condition  of  the  alimentary  tract  and  the 
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naso-pharynx.  The  proper  correction  of  errors  of  refraction  or  of  muscle 
imbalance  is  of  great  importance.  As  regards  local  treatment,  the  two 
main  requirements  are:  (1)  to  keep  the  lid-margins  clean  and  (2)  to 
apply  appropriate  and  soothing  remedies.  The  first  object  can  be  attained 
by  the  daily  removal  of  scales  and  dried  secretion  by  means  of  forceps. 
This  should  be  done  by  the  surgeon  himself.  If,  after  thorough  cleansing 
of  the  lid-margin,  there  remains  a reddened  and  succulent  area  without 
ulceration,  an  ointment  of  ammoniated  mercury  or  yellow  oxid  (gr.  i or 
ij  to  3j)  should  be  rubbed  into  the  roots  of  the  cilia.  Persistent  local 
treatment,  together  with  attention  to  the  general  health  and  the  wearing 
of  proper  glasses,  will  give  favorable  results  in  this,  the  squamous  form  of 
blepharitis. 

In  the  eczematous  form  of  the  disease  removal  of  the  dried  crusts  will 
expose  areas  of  ulceration.  There  will  be  free  bleeding  and  some  pain  con- 
nected with  the  thorough  removal  of  the  crusts.  After  cleansing  with 
peroxid  of  hydrogen,  each  ulcer  should  be  touched  with  a strong  solution 
of  silver  nitrate  or  with  the  mitigated  stick.  The  resulting  scab  should  not 
be  disturbed.  After  it  has  dropped  off,  the  lid-margin  is  to  be  cleared  of 
all  debris,  and  any  bleeding  points  remaining  are  treated  similarly.  Each 
day  the  ointment  of  ammoniated  mercury  or  the  yellow-oxid  ointment 
should  be  applied  to  the  lid-margins.  After  the  ulcers  have  healed  the 
surgeon  should  examine  for  errors  of  refraction  and  properly  correct  them. 

Conjunctivitis,  lacrimal  stenosis,  entropion,  ectropion,  and  naso- 
pharyngeal disease,  w'hich  may  be  present,  should  be  given  appropria  e 
treatment. 

Among  other  remedies  for  blepharitis  are  the  oils  of  cade  rue,  or 
juniper;  creolin  ointment,  Hebra’s  compound  diachylon  ointment,  boric- 
acid  ointment,  solution  of  formalin,  sulphur  ointment,  pyrogallol  salve, 
and  solution  of  chloral  hydrate. 


OTHER  DISEASES  OF  THE  EYELIDS. 

Lagophthalmos  (Hare’s  Eye).— This  term,  derived  from  the  ancient 
belief  that  the  hare  sleeps  with  open  eyes,  ;s  applied  to  cases  in  which, 
owing  to  drooping  of  the  lower  eyelid,  tnere  is  inability  to  close  one  or 
both  eyes.  Attempts  to  close  the  lids  cause  the  globe  to  roll  inward  and 
upward,  the  lids  remaining  open.  The  cornea,  being  exposed,  becomes  dry ; 
dust  and  foreign  bodies  lodge  upon  it;  the  tears,  owing  to  paralysis  of 
Horner’s  muscle,  no  longer  ness  into  the  tear-ducts,  but  flow  on  to  the 
cheek;  and  soon  a corneal  ulc^r  forms  which  may  end  in  perforation  and 
loss  of  the  globe.  The  lean  n may  be  lagophthalmic  keratitis  or  xerosis  of 
the  cornea  (see  chapter  oi  the  cornea).  The  condition  may  be  attributed 
to:  (1)  paresis  or  paralysis  of  the  facial  nerve;  (2)  spasm  of  the  upper 
eyelid,  due  to  disease  of  the  third  nerve;  (3)  shortening  of  the  lids;  (4) 
extreme  proptosis,  due  to  exophthalmic  goitre  or  the  growth  of  orbital 
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tumors;  (5)  enlargement  of  the  globe,  as  in  hydrophthalmos ; (6)  severe 
and  exhausting  diseases  in  which  the  sensitiveness  of  the  cornea  is  lost 
and  the  winking  reflex  is  absent.  Cases  of  lagophthalmos  are  usually  clas- 
sified as  paralytic  and  non-paralytic. 

In  lagophthalmos  from  disease  of  the  facial  nerve,  the  central  lesion 
may  be  cortical,  intracerebral,  or  nuclear.  In  the  peripheral  form  the 
lesion  may  involve  the  seventh  nerve  within  the  temporal  bone,  in  the  canal 
of  Fallopius  (intracranial),  or  after  its  escape  from  the  stylo-mastoid 
foramen  (extracranial).  Cortical  facial  paralysis  is  seen  following  in- 
juries, tumors,  abscesses,  and  localized  inflammations  of  the  motor  centres. 
Intracerebral  cases  result  from  syphilis  of  the  vessels  or  hemorrhage.  The 
nuclear  form,  originating  in  the  pons,  is  found  in  Duchenne's  disease  and 
in  some  cases  of  tabes.  These  three  forms  usually  present  normal  electrical 
excitability  and  the  retention  of  ability  to  use  the  occipito-frontalis  and 
orbicularis  palpebrarum  muscles.  On  the  contrary,  when  the  lesion  is  within 
the  bone  or  beyond  it,  all  three  divisions  of  the  facial  are  equally  involved. 
Hence  the  presence  of  lagophthalmos  is  a valuable  diagnostic  sign.  Injury 
to  the  facial  nerve  in  the  aqueduct  of  Fallopius  is  not  an  uncommon  sevUiel 
to  middle-ear  suppuration.  The  site  of  the  lesion  can  be  determiiea  by 
the  presence  or  absence  of  such  symptoms  as  paralysis  of  the  fo* t palate, 
diminution  or  abnormal  acuteness  of  hearing,  diminution  in  the  saliva,  or 
alterations  in  taste.  Beyond  the  stylo-mastoid  foramen  the  nerve  can 
suffer  from  injuries  either  accidental  or  surgical,  the  grewt  i of  tumors  or 
enlarged  glands,  and  certain  indefinite  causes,  attributed  to  taking  cold. 
It  is  evident  that  the  prognosis  of  paralytic  lagophthalmos  must  be  much 
more  unfavorable  if  the  lesion  be  central  than  ii  peripheral.  Usually  the 
so-called  rheumatic  facial  paralysis  lasts  only  a,  few  weeks.  The  electrical 
condition  of  the  affected  muscles  will  furnish  valuable  data.  If  there  is 
no  change  in  their  reaction  to  either  electric  current,  the  prognosis  will 
be  favorable;  if  the  “reaction  of  de{ generation”  is  found,  recovery  will  be 
slow;  if  secondary  contractures  and  cw?fjhings  supervene,  the  recovery  will 
either  be  very  slow  or  will  never  occur  (Ramsay). 

Cases  in  which  lagophthalmos  is  a symptom  of  disease  of  the  third 
nerve  are  of  rare  occurrence.  Shortening  of  the  eyelids  leads  to  exposure 
of  the  globe  and,  when  congenital,  is  named  congenital  lagophthalmos. 
When  acquired  it  may  ho  produced  by  laceration  of  tissue,  burns  or  scalds, 
necrosis  of  the  oss  ^ou  s or  gangrene  of  the  soft  tissues,  etc. 

Treatment— This  will  vary  according  to  the  cause.  The  conjunc- 
tiva should  be  kept  clean  by  frequent  instillations  of  a solution  of  boric  acid. 
In  exhausting  diseases  the  lids  should  be  kept  closed  by  adhesive  plaster  or 
bandages  In  severe  cases  of  lagophthalmos,  where  the  cause  is  irremedi- 
able, th  3 operation  of  uniting  the  lids  (tarsorrhaphy)  should  be  performed. 
This  unites  the  lids,  shortens  the  palpebral  fissure,  and  protects  the  cornea. 

Blepharophimosis,  a narrowing  of  the  palpebral  openings,  is  found  in 
congenital  and  acquired  forms.  The  former  is  rare;  the  latter  compara- 
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tively  frequent,  being  caused  by  trachoma.  In  unusual  cases  it  is  due  to 
loss  of  tissue  and  consequent  contraction  at  the  outer  canthus.  It  is  prop- 
erly treated  by  canthotomy. 

Blepharospasm,  a tonic  or  clonic  spasm  of  the  orbicularis  palpebrarum 
muscle,  firmly  closing  the  lids,  is  a common  symptom  in  conjunctival  and 
corneal  injuries  and  diseases  (symptomatic  blepharospasm).  It  not  infre- 
quently occurs  without  known  pathologic  condition  (essential  blepharo- 
spasm). In  the  tonic  form  the  lids  close  spasmodically  and  remain  closed 
for  a time ; in  the  clonic  form  the  spasm  is  of  short  duration,  is  immediately 
followed  by  relaxation,  and  this  in  turn  is  followed  by  another  spasm.  A 
common  form  of  blepharospasm  is  the  fibrillary  contractions,  which  are 
often  alarming  to  the  patient.  The  twitching  of  the  fibres  can  be  seen 
near  the  lid-margin.  It  indicates  a local  irritation,  such  as  often  is  found 
in  mild  conjunctivitis  or  in  errors  of  refraction,  but  often  is  without  sig- 
nificance. It  is  frequent  in  habit  chorea  and  hysteria.  These  clonic  con- 
ditions are  of  momentary  duration.  In  some  cases  clonic  blepharospasm 
is  a distressing  affection,  particularly  in  aged  subjects.  The  contractions 
are  frequent  and  violent,  involving  not  only  the  orbicularis,  but  also  the 
adjacent  facial  and  temporal  muscles.  This  form  is  often  rebellious  to 
treatment.  Hysteric  blepharospasm  is  often  seen  in  neurotic  females  up 
to  the  middle  period  of  life.  Von  Graefe  described  cases  of  spasm  of  the 
orbicularis  occurring  in  persons  who  had  been  subject  to  trigeminal  neu- 
ralgia, the  supra-orbital  and  supramaxillary  branches  being  often  involved. 
The  tonic  contraction  in  these  cases  can  be  controlled  temporarily  by 
pressure  over  the  nerve-branches  or  permanently  by  subcutaneous  section 
of  the  trunk.  Similar  cases  and  results  are  seen  in  persons  who  Lave  never 
been  subject  to  neuralgia.  By  far  the  most  frequent  class  of  cases  is  that 
in  which  the  spasmodic  action  follows  irritation  or  inflammation  of  the 
conjunctiva,  lid-margin,  or  cornea  (reflex  blepharospasm V .t  is  present 
in  practically  all  cases  of  phlyctenular  conjunctivitis  an  i keratitis  and 
often  persists  long  after  the  subsidence  of  the  acute  conjunctival  or  corneal 
symptoms.  In  such  cases  careful  examination  will  show  the  presence  of 
a minute  fissure  located  more  often  at  the  outer  than  at  the  inner  canthus. 
The  patient  with  reflex  blepharospasm  shuts  the  eyelids  tightly,  strenu- 
ously resists  efforts  to  open  them,  hide*  +he  head  in  a handkerchief  or 
pillow,  and  dreads  exposure  to  light. 

A rare  and  obscure  form  of  disease  is  that  in  which  persistent  tonic 
blepharospasm  occurs.  When  finally  the  eyes  are  opened,  there  may  be 
temporary  loss  of  vision  wiTiou!-  fundus  changes,  or  great  reduction  in 
visual  acuity  with  marked  retinal,  chorioidal,  or  optic-nerve  lesions. 

Treatment. — In  a1'1  ernes  of  acute  blepharospasm  search  is  to  be  made 
for  the  cause,  which,  ii  Possible,  is  to  be  removed.  Blepharitis  marginalis, 
follicular  conjunct  :tis,  phlyctenular  keratitis,  fissure  of  the  canthus, 
ametropia,  insufficiency  of  the  external  ocular  muscles,  carious  teeth,  nasal 
and  pharynged  jesions,  anemia,  and  chlorosis  are  among  the  conditions 
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frequently  found.  Appropriate  local  treatment,  together  with  the  internal 
use  of  arsenical  and  ferruginous  preparations,  will  generally  bring  about 
a «ure.  The  ancient  and  barbarous  method  of  seizing  the  child  by  the 
heels  and  immersing  the  head  in  cold  water,  in  order  to  overcome  blepharo- 
spasm, is  no  longer  practiced.  In  rebellious  cases  of  fissure  the  lids  are  to 
be  stretched,  the  fissure  cauterized  with  solid  stick  of  nitrate  of  silver,  and 
the  ointment  of  yellow  oxid  or  ammoniated  mercury  applied.  This  severe 
treatment  should  be  followed  by  cure,  provided  the  conjunctival  and  cor- 
neal affections  are  properly  treated.  In  all  cases  of  spasm  search  is  to  be 
made  for  foreign  bodies  in  tlye  fornices  and  cornea.  Hysteric  blepharo- 
spasm is  best  treated  by  suggestion.  In  senile  blepharospasm  treatment  will 
likely  be  beneficial  if  pressure-points  can  be  found.  Hypodermic  injections 
of  morphin  or  cocain,  the  use  of  the  galvanic  current,  or  the  application 
of  veratrin  ointment  are  suitable  remedies.  Large  doses  of  the  fluid 
extracts  of  conium  and  gelsemium  may  give  relief.  Stretching  of  the 
trunk  of  the  facial  nerve,  while  sometimes  successful,  is  generally  without 
permanent  value. 

Trichiasis  and  Distichiasis.— In  these  conditions  (Fig.  1,  Plate  YII) 
the  cilia  are  turned  inward  and  rub  against  the  globe.  In  trichiasis  the 
lashes  turn  inward  without  inversion  (entropion)  of  the  lid,  the  condition 
being  the  result  of  long-continued  blepharitis  or  trachoma,  Tn  entropion 
the  lid-margin  is  inverted,  the  tarsal  plate  being  deformed.  The  term  dis- 
tichiasis is  applied  to  a condition  in  which  supernumerary  cilia  are  present. 
Commonly  the  cilia  are  present  in  two  rows,  one  of  w hich  is  directed  nor- 
mally, the  other  being  turned  backward  and  r ibbing  the  globe.  Often 
small  white  hairs,  best  discovered  by  the  aid  of  oblique  illumination  or  by 
the  use  of  the  binocular  magnifier,  are  found  aiong  the  lid-margin  or  in  the 
inner  can  thus.  When  directed  toward  the  gloue  or  toward  the  caruncle  they 
cause  a persistent  conjunctivitis. 

The  rubbing  of  the  cilia  against  the  eyeball  causes  a constant  sensation 
of  sand  or  foreign  body,  and  Itads  to  redness,  lacrimation,  conjunctival 
discharge,  and  vascular  keratitis.  Under  the  circumstances,  it  is  useless 
to  expect  benefit  from  remedies  applied  to  the  conjunctiva  or  cornea  until 
after  the  source  of  irritat^n  has  been  removed. 

Treatment. — If  the  misplaced  cilia  are  few  in  number,  they  should 
be  pulled  from  time  +c  time  until  the  patient  is  willing  to  submit  to  opera- 
tive intervention.  Tne  conditions  mentioned  above  can  be  relieved  by 
electrolysis . a s^re,  but  painful  and  tedious,  method.  When  numerous 
cilia  are  misdirected,  a suitable  operation  should  be  performed. 

Symblepnaron  is  described  in  the  chapter  on  diseases  of  the  con- 
junct)* tth. 

^kyioblepharon,  adhesion  of  the  eyelids  along  the  palpebral  margin, 
nay  be  partial  or  total.  It  results  from  the  growing  together  of  two  raw 
surfaces.  It  is  rarely  congenital.  As  an  acquired  affection  it  follows 
ulcerations,  burns,  and  other  injuries.  It  is  sometimes  observed  after 
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croupous  conjunctivitis.  Ankyloblepharon  may  exist  alone,  but  more  fre- 
quently symblepharon  also  is  present.  The  prognosis  is  favorable  in  un- 
complicated ankyloblepharon,  an  operation  (cutting  the  adhesions)  serving 
to  restore  the  palpebral  opening.  When  associated  with  symblepharon  the 
case  will  require  also  one  of  the  symblepharon  operations. 

Ptosis  (Blepharoptosis),  a drooping  of  the  upper  eyelid,  may  be  partial 
or  complete,  unilateral  or  bilateral,  congenital,  hereditary,  or  acquired. 
In  the  higher  degrees  it  interferes  with  vision,  the  lid  covering  the  cornea. 
In  bilateral  cases  the  patient  will  throw  the  head  far  back  to  gain  better 
vision.  At  the  same  time  the  occipito-frontalis  muscle  is  brought  into  play. 
Thus  a picture  is  presented  which  is  characteristic.  In  true  ptosis  the 
levator  of  the  upper  lid  is  either  congenitally  absent,  injured,  or  its  nerve- 
supply — a branch  of  the  third  nerve — is  interfered  with.  Spurious  ptosis 
is  seen  in  patients  with  tumors  and  inflammations  of  the  upper  lid.  Uni- 
lateral ptosis,  dating  from  birth,  may  be  due  to  injuries  during  instru- 
mental delivery.  There  are  interesting  cases  of  unilateral  ptosis  in  which, 
while  the  eye  cannot  be  opened  by  the  strongest  effort  of  the  will,  it  will 
immediately  open  with  the  opening  of  the  mouth.  Thus  there  is  associated 
action  of  the  levator  and  pterygoid  muscles.  In  other  cases  the  upper  lid 
can  be  raised  only  when  the  eye  is  adducted  or  abducted.  Paralytic  ptosis 
may  exist  alone  or  in  association  with  paralysis  of  the  other  ocular  nerves, 
notably  the  fourth  and  sixth  nerves.  It  is  a part  of  the  symptom-complex 
of  the  rare  disease  known  as  recurrent  oculomotor  paralysis  (ophthalmic 
migraine  of  Charcot).  It  is  a striking  symptom  in  ophthalmoplegia  externa 
or  chronic  nuclear  palsy.  It  may  be  a symptom  of  disease  in  the  cerebral 
hemisphere.  According  to  Swanzy,  it  is  often  the  result  of  a cortical  lesion. 
Steffen  saw  a case  of  double  ptosis  due  to  tubercular  degenendioi  of  the 
corpora  quadrigemina.  It  is  found  sometimes  in  crossed  hemiplegia,  the 
lesion  being  intrapeduncular.  Ptosis  is  common  in  hystciia,  m congenital 
ataxia,  and  is  an  early  symptom  in  myasthenia  gravis. 

Anemic  women,  at  or  about  the  menopause,  a~e  subject  to  a form 
of  the  disease,  which,  from  its  generally  appear 'ng  upon  awakening  from 
a long  sleep,  is  known  as  matinal  ptosis.  Slight  degrees  of  ptosis  are  found 
in  paralysis  of  Muller’s  muscle  from  disease  oi  injury  of  the  sympathetic 
nerve  or  from  the  intentional  removal  of  the  superior  cervical  sympathetic 
ganglion.  In  these  cases  miosis,  unilateral  sweating,  and  diminished  intra- 
ocular tension  are  prominent  symptoms.  Bamsay  has  recorded  a case  of 
reflex  ptosis  in  which  a cure  speedily  followed  the  extraction  of  a decayed 
molar  tooth.  In  elderly  persons  slight  ptosis  is  sometimes  associated  with 
uncorrected  presbyopia. 

Treatment. — -Every  ca-e  of  ptosis  should  be  studied  carefully  to 
determine  its  cause.  Antisyphilitic  or  antirheumatic  remedies  will  cure 
many  cases.  Electrical  treatment  is  of  some  value.  After  these  measures 
have  failed  and  the  condition  is  of  long  standing,  one  of  the  operations 
described  elsow  icre  in  this  chapter  should  be  performed. 
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Ectropion  is  an  eversion  of  the  eyelid.  This,  of  course,  exposes  the 
conjunctiva.  The  condition  (Fig.  5,  Plate  VII),  which  may  be  partial  or 
complete,  has  been  classified  by  Czermak  as  follows : — 

1.  Ectropion  from  traction  on  the  anterior  part  of  the  lid:  (a)  cica- 
tricial ectropion,  and  (b ) ectropion  from  division  of  the  lid  by  a wound 
vertical  or  oblique  to  the  musculature  (the  so-called  wound-coloboma) . 

2.  Ectropion  from  relaxation  of  the  lid-margin:  (a)  in  paralysis  of 
the  orbicularis  muscle  (paralytic  ectropion),  and  (b)  in  relaxation  of  the 
tissues  and  loss  of  the  muscle-tone  of  the  palpebral  portion  of  the  orbicularis 
(the  ectropion  of  chronic  conjunctivitis,  chronic  inflammation  of  the  lid- 
margins,  and  of  senility). 


Fig.  153. — Cicatricial  ectropion.  (Author.) 


3.  Ectropion  from  malposition  of  the  tissues  in  consequence  of  pressure 
on  the  lid-margin  from  behind,  or  from  backward  traction  on  the  convex 
tarsal  surface:  (o)  ooastic  ectropion,  (b)  in  ectasias  or  tumors  of  the 
anterior  part  of  the  globe  with  exophthalmos,  (c)  from  pressure  on  the 
lower  lid  by  corvn^tival  and  tarsal  tumors,  (d)  from  traction  of  tumors 
on  the  peripheral  part  of  the  tarsus  or  on  the  conjunctiva.  These  are  cases 
of  mechanical  ectropion. 

Tie  symptoms  of  ectropion  are  the  turning  out  of  the  lid,  epiphora, 
and  Sickening  of  the  conjunctiva.  The  skin  of  the  cheek  is  eczematous. 
If  ihc  ectropion  is  slight,  it  causes  so  little  discomfort  that  many  persons 
di  not  seek  relief.  If  the  eversion  is  great,  corneal  complications  are  likely. 

Treatment. — The  treatment  of  ectropion  is  operative,  and  will  be 
considered  in  the  latter  part  of  this  chapter. 
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Entropion,  a turning  in  of  the  lid,  is  either  muscular  or  organic.  The 
former  is  seen  as  a result  of  bandaging  in  elderly  persons  whose  eyes  lie 
deeply  in  the  orbits.  It  occurs  also  in  infants  at  birth,  from  excessive 
development  of  the  orbicularis  muscle;  and  is  found  at  different  ages  in 
spasmodic  form  from  irritation  accompanying  conjunctivitis,  keratitis,  and 
the  lodgment  of  foreign  bodies.  Organic  entropion  is  commonly  caused 
by  trachoma.  It  also  follows  diphtheritic  conjunctivitis  and  essential 
shrinking  of  the  conjunctiva  (Fig.  6,  Plate  VII). 

The  effect  of  entropion  is  to  place  the  skin  of  the  lid  in  contact  with 
the  globe  of  the  eye.  The  lashes  constantly  rub  against  the  cornea  and 
produce  characteristic  changes  in  that  tissue.  The  epithelium  becomes 
abraded  and  the  deeper  layers  of  the  cornea  become  necrotic.  Pannus 
develops  and  vision  is  much  reduced. 

Treatment. — The  muscular  or  spastic  form  of  entropion  generally 
improves  with  the  removal  of  the  cause.  In  infants  the  application  of 
collodion  to  the  outer  surface  of  the  lid  will  be  beneficial,  or  the  inversion 
may  be  overcome  by  adhesive  plaster.  Organic  entropion,  so  often  asso- 
ciated with  trichiasis  and  blepharophimosis,  requires  operative  treatment. 

INJURIES  OF  THE  EYELIDS. 

Wounds  of  the  Lids  may  be  punctured,  incised,  lacerated,  or  contused. 
Punctured  wounds  are  of  little  importance  provided  other  ocular  structures 
are  not  injured.  They  generally  heal  without  scars.  It  must  be  remem- 
bered that  numerous  cases  are  recorded  in  which  foreign  bodies,  aft^r 
traversing  the  lids,  have  lodged  and  remained  in  the  orbit  without  pro- 
ducing acute  symptoms.  Incised  and  lacerated  wounds  call  for  careful 
attention.  They  should  be  cleansed  and  accurately  approximated  with 
catgut  sutures.  It  is  especially  important  to  note  whether  the  canaliculus 
has  been  cut  or  the  globe  injured.  Horizontal  cuts  do  little  harm  except 
the  suspensory  ligament  of  the  upper  lid  is  severed.  Vertical  and  oblique 
incised  wounds,  unless  seen  early  and  properly  sutured  ^ill  lead  to  colo- 
boma,  ectropion,  entropion,  or  trichiasis.  When  [he  internal  palpebral 
ligament  and  canaliculi  are  cut,  the  function  of  the  lacrimal  apparatus  will 
be  interfered  with.  Lacerated  wounds,  of  tea  pioduced  by  bursting  bottles, 
meat-hooks,  blows,  or  thrusts  with  pieces  of  wood  or  a cow’s  horn,  button- 
hooks, etc.,  if  treated  early  will  genera hy  give  good  results.  If  the  cana- 
liculus is  torn,  the  remaining  portim  snould  be  sought  and  opened  into 
the  sac.  It  may  be  possible  tc  u ait*'  the  two  portions  by  passing  a short 
probe,  suturing  the  lid  upon  il'.  end  leaving  the  instrument  in  place  for 
a few  days.  Each  case  of  lact-aaon  must  be  judged  by  itself,  and  often  the 
ingenuity  of  the  surgeon  will  be  taxed. 

Contused  wounds  of  L-he  lids,  frequent  in  persons  pugilistically  inclined, 
are  followed  almos1  immediately  by  extravasation  of  blood  into  the  cellular 
tissue,  producing  a condition  commonly  called  “black  eye.”  The  blood  may 
be  in  the  forn  Jd  diffused  ecchymosis  or  as  a hematoma.  For  prognostic 
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reasons,  it  is  important  to  distinguish  between  such  an  immediate  ecchy- 
mosis  and  that  which,  occurring  in  fractures  of  the  base  of  the  skull  or 
rapture  of  orbital  vessels,  appears  later.  In  such  serious  injuries,  the  blood 
not  infrequently  is  forced  forward  into  the  eyelids.  The  lower  part  of  the 
ocular  conjunctiva  and  the  lower  eyelid  (rarely  the  upper  lid  also)  show 
hemorrhages.  The  ordinary  “black  eye”  disappears  in  two  or  three  weeks. 
If  a fracture  has  involved  the  frontal  or  ethmoidal  sinus,  emphysema, 
occurring  early,  may  be  associated  with  a tardy  ecchymosis.  Edema  of  the 
lids  is  a common  result  of  a blow. 

Treatment. — A “black  eye”  should  be  bathed  with  cold  water  and 
treated  with  frequent  applications  of  arnica,  lead-water,  laudanum,  or 
hamamelis.  If  the  blood  is  present  as  a hematoma,  it  will  be  best  to  incise 
the  lid  and  evacuate  the  clots  under  aseptic  precautions.  Abscess  of  the 


Fig.  154. — Burn  of  face  an^  eyelids.  (Vail.) 

lid  should  be  treated  by  incision  and  the  frequent  use  of  a bichlorid  solu- 
tion. Leeches  are  of  no  particular  value  in  the  treatment  of  black  eye.  In 
sensitive  persons  the  surge  m n ay  conceal  the  injury  by  painting  the  eyelids. 

Burns  and  Scalds  of  ihe  Eyelids,  if  of  the  first  or  second  degrees, 
generally  heal  without  deformity.  Deeper  lesions  are  frequently  followed 
by  cicatricial  contraction,  displacement  of  the  lid-borders  (ectropion), 
ankyloblepharon  0"  symblepharon.  These  conditions  will  require  appro- 
priate surgical  treatment.  When  called  to  a case  of  burn  or  scald,  involving 
the  lids,  the  surgeon  should  note  carefully  the  condition  of  the  conjunctiva 
and  cornea.  The  injured  area  should  be  treated  with  gauze  soaked  in 
carre  n-oil,  or  with  lint  soaked  in  a solution  of  borax  or  sodium  bicarbonate, 
01  nainted  daily  with  white  lead.  Iodoform  may  be  dusted  on  the  surface 
daily.  Large  granulating  surfaces  should  be  covered  with  Thiersch's  skin- 
grafts.  The  principles  which  guide  the  surgeon  in  the  treatment  of  burns 
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and  scalds  elsewhere  in  the  body  will  apply  to  lid  injuries.  Pain  may  be 
so  severe  as  to  call  for  the  use  of  morphin. 

Foreign  Bodies  in  the  Eyelids. — With  the  exception  of  grains  of 
powder,  the  retention  of  foreign  bodies  within  the  eyelids  is  of  comparatively 
rare  occurrence.  Pieces  of  iron,  steel,  gun-caps,  coal,  pencils,  splinters  of 
wood,  birdshot,  dirt,  sand,  and  pebbles  are  among  the  substances  occasionally 
found  in  the  lids.  Most  foreign  bodies  carry  infection  with  them  and 
produce  localized  abscesses.  In  the  course  of  the  inflammation  the  foreign 
body  often  is  extruded.  Metallic  bodies,  which  have  been  propelled  by  an 
explosion,  are  often  sterile  and  remain  imbedded  in  the  lids  without  causing 
reaction.  Large  foreign  bodies  can  be  removed  through  suitable  incisions. 
Small  ones  can  be  picked  out  with  a cataract-needle.  If  the  patient  is  seen 
shortly  after  the  accident,  grains  of  powder  can  be  removed  by  scrubbing 
with  a nail-brush.  The  continued  use  of  gauze  soaked  in  hydrogen  peroxid, 
applied  soon  after  the  accident,  is  said  to  be  of  value.  If  these  measures 
fail,  the  surgeon  should  wait  until  the  acute  stage  has  passed,  when  the 


Fig.  155. — Result  of  burn  of  face  and  eyelids.  (Vail.) 


individual  grains  may  be  picked  out  through  small  incisions  or  destroyed 
with  the  fine  point  of  an  electric  cautery  (Jackson). 

OPERATIONS  ON  THE  EYELIDS. 

The  eyelid  and  conjunctiva  and  adjacent  parts  (skin  of  the  cheek, 
forehead,  etc.)  should  be  made  surgically  clean,  as  is  described  in  the 
chapter  on  preparation  for  ophthalmic  operations.  All  instruments  and 
dressings  should  be  sterile.  The  surgeon  aid  his  assistants  should  thor- 
oughly clean  their  hands.  Lid  operations  can  be  performed,  as  a rule, 
under  local  anesthesia.  A solution  et  cocain  (2-  to  4-per-cent,  strength) 
is  to  be  dropped  into  the  conjuncthal  sac  as  well  as  injected  beneath  the 
skin  of  the  eyelid.  General  anerthesia  will  be  required  for  children,  and 
for  some  of  the  extensive  pnstic  operations  on  adults. 

Chalazion  Operati'vis. — _>n  operating  on  chalazion,  a lid  clamp  should 
be  used  to  control  hemorrhage  and  give  a solid  substance  on  which  to  cut. 
The  author  has  medihed  Snellen’s  clamp  (Fig.  1G5),  and  finds  the  new 
modification  ar  admirable  instrument.  The  incision  can  be  made  from  the 
skin  or  conjunctival  surface.  If  the  surgeon  is  simply  to  incise  and  curette 
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the  cyst,  the  incision  should  be  conjunctival;  if  he  desires  to  excise  the 
tumor,  it  will  be  best  to  make  the  cut  in  the  skin  parallel  with  the  lid- 
margin.  After  excising  the  chalazion  the  wound  is  closed  with  two  or 
three  fine  sutures.  If  the  conjunctival  incision  is  employed  sutures  are 
not  necessary.  Some  surgeons  incise  chalazia  and  remove  the  contents  by 
curettement.  If  the  chalazion  is  situated  near  the  lid-margin  a neat 
operation  is  this:  The  surgeon  grasps  the  lid  with  the  thumb  and  index 
finger  of  the  left  hand,  making  traction  in  the  direction  of  the  lid-margin. 
Then  the  margin  is  incised  with  a von  Graefe  knife.  Through  this  opening 
a curette  is  introduced  and  the  tumor  is  removed  by  its  use. 

Operations  for  Ptosis. — These  are  numerous,  and  many  of  them  are 
inefficient.  Cases  of  ptosis  are  divisible  into:  1.  Those  in  which  the  con- 


Fig.  156. — De  Wecker’s  operation  i^*r  r<x>9is. 

dition  is  congenital  and  the  levator  is  absert  cr  imperfectly  developed.  2. 
Those  due  to  defective  development  of  the  nerve-centre  of  the  levator,  to 
which  class  belong  those  cases  of  congenital  ptosis  that  can  lift  the  upper 
lid  only  in  association  with  certain  movements  of  the  jaw.  3.  Those  of 
acquired  complete  paralytic  ptosis  1.  Those  in  which  the  upper  lid  droops 
after  trachoma  or  the  growth  of  humors  in  the  lid  (hypertrophic  ptosis  or 
ptosis  adiposa).  5.  These  which  are  due  to  trauma. 

It  might  seem  that  shortening  of  the  levator  of  the  upper  lid  would 
suffice  to  correct  ptosis,  but  such  procedures  have  generally  given  poor 
results,  and  are  of  viilue  only  in  cases  of  traumatic  separation  of  the  levator 
from  the  tarsus  it  is  only  in  the  cases  of  slight  ptosis  that  the  ingenious 
procedure  of  jL>Lrsbusch  (doubling  of  the  levator  muscle  over  the  tarsus) 
is  applicaide.  Von  Graefe’s  operation  of  excising  an  elliptical  portion  of 
the  skin  and  underlying  tissues  down  to  the  tarsus  is  almost  valueless,  since 
in  Tiiost  «'ases  either  the  deformity  soon  returns  or  the  cornea  is  insuffi- 
» iently  covered.  De  Wecker’s  operation  is  efficient  in  slight  and  medium 
degrees  of  ptosis.  After  excising  a small  band  of  orbicularis  muscle  and 
(sometimes)  a piece  of  skin,  sutures  are  passed  through  the  skin  and 
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muscle  at  the  lower  part  of  the  wound  (Fig.  156).  The  sutures  are  made 
to  emerge  above  the  eyebrow  and  are  tied  over  a piece  of  rubber  tubing. 
Operations  which  aim  to  unite  the  occipito-frontalis  muscle  and  the  lid 
are  ingenious,  and  some  of  them  are  of  value.  The  procedure  which  the 
author  believes  to  be  one  of  the  most  efficient  is  Wilder’s  operation,  which 
aims  to  lift  the  lid  so  that  the  eye  can  be  used  and  at  the  same  time  permits 
the  lids  to  close  at  will.  It  consists  in  folding  the  tarso-orbital  fascia,  as 
well  as  the  aponeurosis  of  the  levator  muscle,  upon  itself.  In  performing 
this  operation  an  incision  two  inches  long  is  made  in  and  parallel  with  the 
eyebrow.  “A  retractor  being  used  to  draw  down  the  lower  lip  of  the 
wound,  the  skin  and  muscle  are  separated  from  the  fascia  by  careful 
dissection  until  the  tarsus  is  brought  into  view.  This  is  more  easily  accom- 
plished if  an  assistant  puts  the  lid  on  the  stretch.  Sutures  of  fine  sterilized 
catgut  or  silk,  armed  at  each  end  with  a curved  needle,  are  passed  into  the 


T,  Tarsus,  t,  t,  Tarso-orbital  fascia,  sm,  Supra-orbital  margin,  p,  Low-:*  lip  of 
wound  drawn  down,  u,  u.  Sutures. 

tarsus  to  secure  a firm  hold  at  a point  about  at  the  junction  o^  the  outer 
and  middle  third  and  a little  distance  from  its  convex  edgp  (o  in  Fig.  157). 
It  is  then  drawn  through  and  with  it  several  gathering  stitches  ( u ) are 
taken  in  the  tarso-orbital  fascia,  after  which  the  needle  is  made  to  pass 
through  the  muscle  and  connective  tissue  d the  upper  lip  of  the  wound. 
Another  needle,  on  the  same  suture,  follows  ° parallel  course  in  the  same 
manner,  entering  the  tarsus  about  three  millimetres  from  the  point  of  en- 
trance of  the  first,  then  gathering  the  fascia  into  small  folds  and  emerging 
in  the  tissue  above,  thus  making  a by  which  the  lid  may  be  drawn  up. 
A second  suture  is  passed  in  tlio  same  way,  making  a loop  at  the  junc- 
tion of  the  middle  and  inner  third  of  the  tarsus.  The  requisite  eleva- 
tion of  the  lid  may  now  be  secured  by  drawing  on  the  loops  and  tying 
the  sutures  which  are  t^  be  buried  in  the  wound.”  The  author  can  confirm 
Wilder’s  statement  tlm  "complete  ptosis  may  be  relieved  by  shortening  the 
suspensory' ligament  ».f  the  lid  with  buried  sutures.” 

Panas's  0 pA'i  atto-n,  which  can  be  understood  by  examination  of  the 
accompanying  illustrations  (Fig.  158) y has  been  extensively  practiced  with 
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fair  results.  The  objections  to  it  are  that,  in  placing  the  rectangular  flap 
under  the  bridge,  a skin  surface  is  opposed  to  raw  tissue.  In  healing  a 
pouch  is  left  in  which  dirt  accumulates,  and  in  some  cases  the  growth  of 
hair  from  the  buried  flap  causes  annoyance.  This  operation  raises  the 
tarsus  and  permits  the  occipito-frontalis  muscle  to  discharge  in  large  part 
the  functions  of  the  absent  or  paralyzed  levator. 

A an  Fleet  and  Allport  have  modified  Panas’s  operation. 

The  principles  of  the  von  Graefe  and  Panas  operations  have  been 
combined  in  Tansley’s  procedure , which  is  performed  in  this  manner:  The 
surgeon  makes  two  perpendicular  cuts  (Fig.  159,  A,  B,  C,  D)  one-fourth 
of  an  inch  apart,  and  extending  from  the  upper  orbital  margin  to  within 
two  lines  of  the  edge  of  the  upper  lid.  These  are  united  at  the  upper 
extremity  by  a horizontal  incision,  A-C,  and  then  the  ribbon  of  tissue  is 


Fig.  158. — Incisions  and  sutures  in  Pa^a^’s  operation. 


dissected  and  permitted  to  drop  down  upon  a wad  of  cotton  lying  upon 
the  cheek,  which  is  kept  moistened  with  warm  Panas’s  solution. 

Then  a curved  cut  is  made  from  E to  G and  E to  F,  following  the 
crease  which  shows  the  upper  limit  of  the  tarsal  cartilage,  and  a straight 
cut  is  made  from  II  to  B ar.d  from  D to  F,  parallel  to  and  about  four  milli- 
metres distant  from  the  lover  border  of  the  upper  lid.  The  derma  and  the 
orbicularis  muscle,  which  are  embraced  within  these  cuts,  are  then  care- 
fully dissected  off,  leaving  the  whole  tarsal  plate  denuded  of  tissue.  This 
denuded  surface  is  carried  a trifle  beyond  both  the  internal  and  external 
canthi.  The  out  •’dges  II -G  and  E-F  are  united  to  the  cut  edges  II-B  and 
D-F,  respectively,  by  interrupted  sutures.  Then  a von  Graefe  knife  is 
entered  at  A C and  passed  beneath  and  brought  out  upon  the  forehead 
just  above  the  eyebrow,  and  slight  lateral  cuttings  are  made  so  as  to  give 
room  for  the  passage  of  the  ribbon  of  derma  which  has  been  dissected  up 
at  i.'e  first,  stage  ot  the  operation.  Then  passing  a strong  suture  into  the 
upper  edge  of  this  ribbon,  it  is  drawn  up  into  the  cut  made  beneath  the 
eyebrow,  and  is  brought  out  upon  the  forehead.  When  drawn  up  suffi- 
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ciently  tight,  so  as  to  leave  no  folds  of  tissue  or  puekerings,  it  is  cut  off 
smooth  with  the  forehead  and  fastened  there  by  two  small  sutures.  Then 
several  sutures  are  placed  from  A to  G and  C to  E,  uniting  the  edges  of 
the  ribbon  to  the  bordering  derma. 

Motais's  Operation. — This  procedure  is  founded  on  the  synergy  of 
action  between  the  levator  palpebrse  and  superior  rectus  muscles.  The  upper 


N 


Fig.  150. — Operation  for  ptosis.  (Tansley.) 


lid  is  lifted,  the  eyeball  is  turned  downward,  and  an  incision  is  made  over 
the  tendon  of  the  superior  rectus  muscle.  The  tendon  is  separated  from  its 
lateral  attachments.  The  separation  is  continued  backward  to  expose  the 
muscle.  A suture  is  passed  in-and-out  through  the  middle  third  of  the 
tendon,  which  is  then  detached  in  the  form  of  a tongue,  leaving  the  lateral 
fibres  of  the  rectus  tendon  attached  to  the  globe.  With  blunt  scissors  a 


Fig.  1G0. — Motais’s  operation  for  ptosis. 


pocket  is  made  in  the  lid  to  receive  the  tongue  of  tendon.  The  needles  are 
passed  as  is  shown  in  Fig.  16u  Motais  made  them  to  emerge  on  the  con- 
junctival surface  near  cilia,  where  the  suture  was  tied.  It  is  better, 
however,  to  have  the  needles  emerge  on  the  skin  side  of  the  lid  and  to  tie 
the  suture  over  a Tull  of  gauze.  The  conjunctival  wound  is  closed  with 
catgut  sutures.  -The  success  of  this  operation  depends  upon  (1)  the  in- 
tegrity of  the  superior  rectus  muscle,  which  is  often  impaired;  (2)  on 
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accurately  fixing  the  tendinous  tongue  to  the  tarsal  plate,  which  means  that 
the  tarsus  must  be  carefully  separated  from  the  orbicularis  muscle-fibres. 
Not  a few  failures — possibly  from  faulty  technique — have  followed  Motais’s 
operation.  In  some  cases  corneal  ulceration  and  (according  to  Terson) 
staphyloma  have  followed.  On  the  other  hand,  many  experienced  operators 
prefer  Motais’s  procedure. 


s/s  a/ 


Fig.  161. — Hess’s  operation  for  ptosis. 

A,  A,  Incision  in  the  eyebrow.  C,  D,  Area  of  the  skin  dissection. 


Hess's  Operation,  which  has  met  with  much  favor,  is  a modification 
of  older  procedures.  The  eyebrow  having  been  shaved,  an  incision  (.1,  A, 
in  Fig.  161)  is  made  from  end  to  end  through  the  skin  and  connective 
tissue.  The  skin  is  then  dissected  from  the  lid  as  far  as  the  nliary  border. 
Strong  silk  sutures,  which  are  doubly  armed  with  long,  fia  needles,  are 
passed  through  the  loosened  skin,  at  a point  4 to  8 millimetres  from  the 
lid-margin ; they  are  then  passed  under  the  uppe7  lip  x.  [ the  wound,  close 


Fig.  162. — Tarsorrbaphj  by  von  Graefe's  method.  (CZERMAK.) 


to  the  periosteum,  and  aro  brought  out  1 to  2 centimetres  above  the  primary 
incision.  The  sutures  are  then  tied  over  gauze  rolls,  sufficient  traction 
being  used  to  cause  an  overcorrection.  The  skin  wound  is  closed  with 
silk  sutures.  A celluloid  shield  is  used  to  cover  the  operated  area.  The 
deep  sutures  ere  left  in  situ  for  two  or  three  weeks.  The  cosmetic  results 
of  this  operation  are  good.  The  procedure  is  applicable  to  any  case  in 
which  the  patient  shows  distinct  contraction  of  the  frontalis  muscle. 

The  ptosis  remaining  after  trachoma  can  best  be  corrected  by  sutures 
introduced  in  the  manner  similar  to  Hotz’s  operation  for  entropion.  Other 
ptosis  operations,  which  can  be  mentioned  only  by  name,  have  been  devised 
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by  Snellen,  Eversbusch,  Wolff,  Pagenstecher,  Birnbacher,  Dransart,  Kunn, 
Angelucei,  Parinaud,  and  Gillet  de  Grandmont. 

Tarsorrhaphy. — This  operation  is  performed  for  the  purpose  of  nar- 
rowing the  palpebral  fissure,  and  is  done  for  the  following  conditions : — 

1.  In  lagophthalmos,  when  the  cornea  is  partly  uncovered  during 
sleep  and  consequently  is  liable  to  necrosis.  The  condition  may  be  due 
to  congenital  malformations  of  the  lid  (ablepharia),  paralysis  of  the 
orbicularis  muscle,  or  to  traumatic  lesions  of  the  lids. 


Fig.  163. — Tarsorrhaphy  by  Fuchs’s  method.  (Czermak.) 


2.  In  exophthalmos,  particularly  that  of  exophthalmic  goitre. 

3.  In  ectropion  of  any  form,  and  particularly  in  that  of  the  paratytic 
variety. 

4.  In  plastic  operations. 

5.  In  excision  of  the  Gasserian  ganglion  tarsorrhaphy  is  done  before 
hand  to  prevent  corneal  ulceration. 


Fig.  164. — Von  Ammon’s  c a tuboplasty.  (After  Czermak.) 


Tarsorrhaphy  may  be  external,  internal,  median,  or  total.  External 
tarsorrhaphy  can  be  done  by  tither  the  method  of  von  Graefe  or  that  of 
Fuclis.  In  the  former  a sufficient  amount  of  the  outer  end  of  each  lid- 
margin  is  denuded  and  sutures  are  passed  as  shown  in  Fig.  162.  In  Fuchs's 
operation  (Fig.  16  5 j an  incision,  made  in  the  intermarginal  line,  separates 
the  cutaneous  p of  the  lower  lid  from  the  tarsus.  On  the  upper  lid  an 
area  of  corresponding  extent  is  denuded;  then  by  means  of  a single  suture 
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the  parts  are  brought  together.  In  median  tarsorrhaphy  the  denuded  sur- 
faces are  situated  on  the  central  part  of  the  lids. 

Canthoplasty  (Blepharotomy). — The  operation  of  canthoplasty,  tar- 
sodialysis,  or  blepharotomy,  is  made  for  the  purpose  of  enlarging  a palpe- 
bral opening  which  is  abnormally  small.  The  most  common  cause  of  this 
condition  is  trachoma.  Congenital  smallness  of  the  palpebral  opening  may 
be  an  hereditary  characteristic.  In  almost  all  operations  for  entropion  a 
canthoplasty,  or  at  least  a canthotomy,  must  be  made  before  the  lid-clamp 
can  be  applied  and  the  entropion  properly  treated.  In  this  case  the  can- 
thotomy  is  simply  a part  of  the  operative  procedure  for  entropion.  In 
making  a canthoplasty  a local  anesthetic  should  be  dropped  on  to  the 
conjunctiva  as  well  as  injected  beneath  the  skin  at  the  outer  can  thus.  The 
instruments  needed  are  a pair  of  straight*  scissors,  a needle,  a needle- 
holder,  and  forceps.  The  surgeon  introduces  one  blade  of  the  scissors 
beneath  the  outer  canthus,  and  cuts  outward  to  the  malar  bone  or  to  a 


less  extent.  The  conjunctiva  and  skin  are  thei  to  be  united  by  sutures  and 
an  appropriate  dressing  is  applied. 

Trichiasis  Operations. — When  only  a few  cilia  are  at  fault,  they  may 
be  removed  from  time  to  time  with  cilium  forceps,  or  the  follicles  can  be 
destroyed  by  electrolysis  according  t(  the  method  of  Michel,  of  St.  Louis. 
The  latter  is  a slow  and  painful  procedure.  In  these  cases  the  affected  part 
of  the  lid  should  be  transplanted.  A straight  keratome  is  introduced  at 
the  intermarginal  line,  a^.d  is  made  to  split  the  lid  into  two  parts,  the 
hair-follicles  being  in  the  dap  ji  front  of  the  tarsus.  The  operation  can  then 
be  finished  in  one  of  two  ways : either  the  part  bearing  the  faulty  cilia  can 
be  excised  by  removing  a triangular  segment  of  skin,  as  is  done  by  Stephen- 
son, or,  as  the  au  hor  prefers,  a button  of  skin  can  be  removed,  the  lid- 
border  and  cihu  being  transplanted.  The  latter  procedure  is  to  be  pre- 
ferred. The  wound  is  to  be  closed  with  catgut  sutures.  Desmarres,  Sr., 
treated  thest  cases  by  the  excision  of  a small  oval  piece  of  skin  and  trusted 
to  cicatrization  to  draw  the  cilia  away  from  the  globe.  In  incomplete 
trichiasis,  involving  the  outer  or  the  inner  part  of  the  lid,  Spencer  Watson’s 
operation  (Fig.  166)  is  efficient.  It  consists  in  transposing  two  flaps  with 
pedicles:  the  one  composed  of  skin,  the  other  bearing  the  cilia. 

In  case  the  greater  part  of  the  eyelid  is  involved  in  trichiasis,  a gen- 
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eral  transplantation  of  cilia  must  be  done.  For  the  relief  of  this  condition 
no  procedure  is  so  valuable  as  a properly  made  J aesclie-Arlt  operation 
(Fig.  167) . In  patients  with  trichiasis  it  is  always  wise  to  permit  the  cilia 
to  be  undisturbed  for  at  least  a week  before  operation,  in  order  that  the 
surgeon  shall  locate  them  without  difficulty.  The  instruments  needed  are  a 
Beard  lid-forceps,  a lid-clamp,  a scalpel,  fixation-forceps,  needles,  needle- 
holder,  scissors,  and  a sharp  and  strong  von  Graefe  or  Beer  knife  for  split- 
ting the  lid.  The  first  step  is  the  separation  of  the  lid  into  two  parts : an 
anterior,  containing  the  skin,  muscular  fibres,  and  cilia;  and  a posterior, 
composed  of  tarsus  and  conjunctiva.  To  do  this  the  surgeon  grasps  the 
everted  lid  with  the  lid-forceps,  and  passes  the  knife  to  the  depth  of  3 or  4 
millimetres  along  the  intermarginal  line  from  near  the  punctum  to  the 
outer  canthus.  To  make  this  incision  properly  is  sometimes  difficult,  yet  its 
correct  performance  has  much  to  do  with  the  success  of  the  operation.  The 
lid-clamp  then  being  applied,  an  elliptical  piece  of  skin  and  other  tissues 


Fig.  166. — Spencer  Watson’s  operation  for  trichiasis. 


is  removed  down  to  the  tarsus.  The  next  step  is  to  connect  the  inter- 
marginal  incision  with  the  wound  on  the  outer  surface  of  the  lid,  thus 
making  a bridge  which  consists  of  skin  and  orbicularis  muscle,  free  above 
and  below,  but  attached  at  either  end.  This  bridge  is  then  to  be  sutured 
to  the  upper  edge  of  the  lid-wound.  The  result  is  that  the  bridge  bearing 
the  cilia  is  moved  away  from  the  lid-margin  and  ihe  hairs  are  given  a 
normal  direction.  To  prevent  cicatricial  contraction  some  surgeons  use 
the  excised  piece  of  skin  to  cover  the  raw  surface  of  the  tarsus.  Others 
transplant  a piece  of  the  mucous  membr£r*o  of  the  mouth  into  the  wound. 
These  devices  are  not  necessary.  The  sutures  are  to  b®  removed  in  four 
or  five  days.  The  lid  will  remain  thickened  for  several  weeks.  Sloughing 
of  the  bridge  has  never  occurred  in  the  author’s  practice. 

Entropion  Operations. — The  number  of  operations  which  have  been 
devised  for  the  relief  of  entropion  is  large;  only  a few  of  the  best-known 
ones  will  be  described.  In  entropion  of  the  upper  lid  caused  by  trachoma, 
without  trichiasis,  Burow’s  operation  gives  satisfaction.  The  lid  is  everted 
and  an  incision  is  ma  le  from  end  to  end,  through  the  conjunctiva,  tarsal 
plate,  and  cicatrifia . tissue,  but  not  through  the  skin.  Ho  sutures  are  used. 
This  operation  permits  the  lid-margin  to  assume  its  normal  position. 
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Of  the  many  procedures  for  the  relief  of  entropion,  Snellen's  operation 
has  probably  given  the  most  satisfactory  results.  It  is  applicable  to  cases  of 
organic  entropion:  i.e.y  to  those  in  which  the  tarsus  is  incurved.  The  in- 
struments needed  are  the  lid-clamp,  scalpel,  tissue-forceps,  needles,  needle- 
holder,  suture  material,  and  a half-dozen  beads.  In  many  cases,  before  the 
lid-clamp  can  be  applied,  a canthotomy  is  required,  which  can  be  made 


Fig.  167. — Jaesclie-Arlt  operation  for  trichiasis. 

The  figure  at  the  left  shows  the  incisions,  A being  the  cut  in  the  intermarginal 
line,  and  li,  C,  the  skin  removed. 


with  strong,  blunt  scissors.  The  clamp  having  been  applied,  an  incision 
4 millimetres  from  the  lid-margin  is  to  be  made  along  the  length  of  the 
upper  lid.  A second  incision,  2 or  3 millimetres  higher,  connects  with  the 
first  cut.  The  skin  and  orbicularis  muscle  included  between  these  incisions 
are  to  be  removed,  thus  exposing  the  tarsus.  The  surg  *on  should  pass  his 
finger  along  the  tarsal  plate  and  notice  the  place  )f  greatest  convexity, 
from  which  a wedge-shaped  segment  is  to  be  excised.  To  do  this  properly 


Fig  168. — Snellen’s  operation  for  entropion. 

S,  8,  Skin.  T,  T,  Tarsus  from  which  a wedge  has  been  cut.  G,  G,  Suture. 


requires  a very  sharp  scalpel  or  a Beer  cataract-knife.  The  long  diameter 
of  the  excised  wedge  is  to  be  parallel  with  the  lid-margin.  The  next  step, 
the  inser  ion  of  the  sutures,  is  of  importance,  and  is  often  improperly  de- 
scribed. The  sutures  are  usually  three  in  number,  each  one  being  armed 
with  a needle  at  each  end.  One  needle  is  to  be  passed, into  the  upper  seg- 
ment of  the  tarsal  tissue  parallel  with  the  wound,  so  as  to  include  about  2 or 
3 millimetres  of  tissue.  The  two  needles  of  this  suture  are  now  to  be  passed 


DISEASES  OF  THE  EYELIDS. 


205 


through  the  lower  segment  of  the  lid,  5 millimetres  apart,  in  this  manner : 
Grasping  the  lid-margin  with  tissue-forceps,  the  surgeon  passes  each  needle 
from  the  point  G (Fig.  168)  to  G.  This  procedure  is  to  be  repeated  with 
the  two  other  sutures.  Then  the  lid-clamp  is  to  be  removed  and  a bead  is  to 
be  strung  on  each  end  of  each  suture,  the  sutures  being  tied  and  the  ends 
left  long.  The  ends  are  then  drawn  taut  against  the  forehead,  thus  everting 
the  lid.  They  are  to  be  fastened  in  this  position  by  strong  adhesive  plaster 
strips.  There  will  be  no  need  for  suturing  the  skin  in  this  operation,  since 
the  eversion  which  follows  the  fastening  of  the  sutures  to  the  forehead  causes 
the  lips  of  the  skin-wound  to  approximate.  A dry  gauze  dressing  is  to  be 
applied.  The  sutures  are  to  be  left  attached  to  the  forehead  for  two  days, 
after  which  the  ends  are  to  be  cut  off  and  the  lid  is  permitted  to  assume 
its  proper  position.  On  the  fourth  day  the  beads  and  deeper  part  of  the 
sutures  are  to  be  removed. 


Fig.  169. — Panas’s  operation  for  entropion. 

Many  surgeons  favor  Panas’s  operation  (Fig.  169),  which  differ*,  frrm 
Snellen’s  procedure  in  these  points:  (1)  the  lower  skin  flap  is  dissected 
as  far  as  the  cilia;  (2)  the  sutures  are  passed  posterior  to  the  cilia.  but  not 
through  the  lower  segment  of  the  tarsus. 

Combined  Operation. — Practical  surgeons  often  employ  the  essential 
features  of  several  operations.  For  entropion  of  the  upper  lid  with  in- 
curvation of  the  tarsus  and  narrowing  of  the  interpalpebral  space,  the  au- 
thor resorts  to  the  following  operation:  (1)  A jantliotomy  is  made.  (2) 
The  tarsus  is  split  from  end  to  end  2 millimetres  above  the  intermar- 
ginal line.  (3)  A horizontal  incision  is  made  in  the  skin  of  the  lid  at 
a point  5 millimetres  above  the  cilia.  (1)  An  elliptic  piece  of  skin  and 
orbicularis  muscle  is  excised,  and  the  lover  segment  of  the  lid  is  converted 
into  a bridge  as  in  the  Jaesche-Arlt  operation.  (5)  The  dissection  is  con- 
tinued upward  to  expose  the  tarso-orbital  fascia.  (6)  If  necessary,  the 
tarsus  is  thinned,  or  a wedge-shaped  piece  is  removed.  (7)  The  sutures 
are  then  passed,  first  through  the  tarso-orbital  fascia  and  upper  margin  of 
the  tarsus,  next  obliquely  through  the  lower  segment  of  the  lid.  (8)  A 
bead  is  placed  on  the  lower  end  of  each  suture.  (9)  The  sutures  are  tied 
and  are  fastened  to  the  forehead.  (10)  The  eye  is  dressed  with  gauze 
smeared  with  To  vie  vaselin.  Four  or  five  sutures  are  used. 
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For  obvious  reasons  Snellen’s  operation  is  applicable  only  to  the  upper 
lid.  In  case  the  lower  lid  is  incurved,  Hotz’s  operation  should  be  per- 
formed. A spatula  having  been  placed  under  the  lid,  an  incision  4 milli- 
metres removed  from,  and  parallel  with,  the  lid-margin  is  to  be  made,  and 
narrow  pieces  of  skin  and  orbicularis  muscle  are  to  be  removed.  This 
exposes  the  lower  margin  of  the  tarsus.  If  it  does  not  come  promptly  into 
view,  the  edges  of  the  wound  are  to  be  held  apart  and  the  soft  tissues  are 
to  be  dissected  down  to  the  tarsus.  All  muscular  fibres  adhering  to  the 
lower  third  of  the  tarsus  must  be  removed.  A needle  is  to  be  passed  through 
the  palpebral  skin ; then  it  is  carried  through  the  bared  edge  of  the  tarsus 
into  the  tarso-orbital  fascia  for  a short  distance,  and  is  then  passed  through 
the  lower  edge  of  the  incision  without  including  any  muscular  fibres.  Two 
other  sutures  are  to  be  used  in  a similar  manner.  When  tied,  the  sutures 


Fig.  170. — Hotz’s  operation  fo  entropion. 


C,  Cornea.  T,  Tarsus,  co.  Conjunctiva,  sr,  Sc'eia.  It,  Tarso-orbital  fascia. 
x,  Orbital  fat.  mb,  Malar  bone,  ob,  Orbicularis  nr.scle.  ss,  Suture,  c,  Cilium. 

I,  i,  Lips  of  wound. 

bring  the  skin  into  contact  with  the  tarsus,  to  which  it  adheres.  Thus 
the  tarsus  is  made  the  fulcrum : ? point  which  Hotz  emphasizes.  This 
operation  is  applicable  to  either  lid.  It  is  proper  to  state  that  an  operation 
founded  on  the  same  principle  a;  that  of  the  Hotz  procedure  was  described 
by  Anagnostakis  in  1857 

Ball's  Operation  is  applicable  to  entropion  of  the  lower  lid  and  does 
not  require  the  excision  of  any  tissue.  A lid-clamp  is  applied  and  an  in- 
cision parallel  with  ti  e lid-margin  (.4,  in  Fig.  171)  is  made  at  a distance  of 
2 millimetres  fron.  the  margin,  extending  as  far  as  required.  The  incision 
is  made  obliquely  downward  and  forward  through  the  conjunctiva  and 
tarsus.  1 i e clamp  is  then  removed  and  reversed,  and  an  incision  is  made 
through  the  skin  and  muscle  along  the  whole  extent  of  the  lower  margin 
of  the  tarsal  plate.  Sutures,  guarded  bv  beads,  are  then  passed  ( C , D,  in 
171).  The  success  of  the  operation  depends  on  proper  suturing. 

Mild  cases  of  spastic  entropion  of  the  lower  lid  can  be  relieved  by 
painting  the  skin  surface  of  the  lid  with  collodion.  In  severe  cases  the 
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thread  operation  of  Snellen  is  useful.  The  object  is  to  draw  the  margin  of 
the  lid  away  from  the  globe  and  to  form  in  the  lid  cicatricial  bands  which 
shall  continue  to  maintain  it  in  proper  position  after  the  sutures  have  been 
withdrawn.  A thread,  armed  with  two  needles,  is  to  be  passed  through 
the  deepest  part  of  the  lower  fornix  and  is  brought  out  through  the  skin ; 
then  each  needle  is  reintroduced  and  is  made  to  pierce  the  full  extent  of 
the  lid,  being  brought  out  at  the  outer  lip  of  the  lid-margin.  The  threads 
are  then  tied  tightly  over  a small  roll  of  gauze.  Two  or  three  such  threads 
are  used.  The  points  of  exit  on  the  lid-margin  are  to  be  the  same  distance 
apart  as  the  space  separating  the  threads  in  the  fornix.  This  operation  is 
chiefly  of  use  in  entropion  of  the  lower  lid.  Other  suture  operations  for 
spastic  entropion  have  been  devised  by  Gaillard  and  Arlt. 

Ewing's  Operation  is  applicable  to  atrophic  entropion  of  the  lower 
eyelid.  A longitudinal  incision  is  made  “through  the  tarsal  conjunctiva 


c 
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Fig.  171. — Author’s  operation  for  entropion. 


and  the  tarsus,  parallel  to  and  from  two  to  three  millimetres  distant  from 
the  line  of  the  opening  of  the  Meibomian  glands.  This  incision,  expending 
through  the  entire  thickness  of  the  tarsal  tissue  from  its  nasal  to  its  tem- 
poral end,  permits  the  whole  marginal  strip  to  be  turned  forward,  to  form 
a new  lid-margin  of  normal  width  and  appearance/5  The  incision  is  held 
widely  open  and  sutures  are  passed^  first  through  ti  e conjunctival  edge  of 
the  cut,  then  through  the  bottom  of  the  wound  to  tne  skin  surface,  just 
below  the  cilia.  The  suture  is  then  carried  along  on  the  skin  for  3 milli- 
metres parallel  to  the  lid-margin;  finally,  the  suture  is  passed  back  through 
the  bottom  of  the  incision,  where  it  is  c;ed.  The  cut  on  the  conjunctival 
side  fills  with  new  tissue,  which  incre  tse.  • the  height  of  the  tarsus  two  or 
three  millimetres. 

Epicanthus  Operations. — Tbi  the  relief  of  epicanthus  the  excision  of 
a vertical  fold  of  the  reduncicn!;  tissue  from  the  root  of  the  nose,  as 
practiced  by  von  Ammon  early  in  the  last  century,  has  stood  the  test  of 
time.  The  tissues  are  lifted  up  to  an  extent  sufficient  to  remove  the 
deformity,  and  on  each  side  a mark  is  to  be  made  to  indicate  the  location 
of  the  incisions.  Tl;e  elliptical  area  thus  outlined  is  to  be  excised.  The 
lips  of  the  wound  are  to  be  united  with  fine  sutures.  Every  precaution 
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should  be  taken  to  secure  primary  union  and  avoid  an  unsightly  scar. 
Wicherkiewicz  has  recently  described  an  operation  which  can  be  readily 
understood  by  an  examination  of  Fig.  172. 

Becently  Broekaert  has  successfully  used  paraffin  injections  beneath  the 
skin  over  the  root  of  the  nose  in  cases  of  epicanthus.  This  treatment  is 
not  without  danger.  Leiser  has  reported  a case  in  which  it  caused  vomiting, 
total  blindness  of  the  left  eye,  edema  of  the  lids,  hemorrhagic  infiltration 
of  the  iris,  and  hypotony.  These  symptoms  were  attributed  to  thrombosis 


Fig.  172. — Wicherkiewicz’s  operation  for  epicanthus. 
A,  After  excision.  B,  After  the  sutures  have  been  tied. 


of  the  ophthalmic  vein.  Hurd  and  Holden  observed  embolism  of  thQ  cen- 
tral retinal  artery  immediately  after  a paraffin  injection  into  the  nr  se. 
These,  and  similar  unfavorable  reports^  should  cause  this  method  to  be 
abandoned. 

Ectropion  Operations. — Acute  ectropion  results  from  inflammatory 
swelling  and  requires  treatment  of  the  accompanying  conjunctivitis.  In 
severe  cases  it  may  be  necessary  to  scarify  the  chemctic  membrane.  In  ec- 
tropion due  to  spasm  of  the  orbicularis  muscle  a camhotomy  can  be  done 


Fig.  173. — Snelkn’i  thread  operation  for  ectropion. 

The  figure  at  the  left  shr  ,vs  the  thread  in  position  to  be  tied;  the  figure 
at  the  right  shows  the  lid  after  tying. 


with  benefit.  In  seidie  ectropion  with  simply  a falling  away  from  the  globe 
of  the  inner  p nri  oi  the  lower  lid,  slitting  of  the  canaliculus  without  other 
treatment  will  be  in  order.  In  cases  of  senile  ectropion  of  the  lower  lid, 
and  in  the  ectropion  of  children  from  swelling  of  the  conjunctiva,  and  with 
only  slight  elongation,  Snellens  thread  operation  (Fig.  173)  is  valuable. 
A stout  silk  thread,  armed  with  a curved  needle  at  each  end,  is  to  be  passed 
uto  the  tissues  at  the  highest  point  of  the  everted  conjunctiva  and  brought 
or. c upon  the  cheek.  The  ends  are  tied  over  a roll  of  gauze  and  the  lid  is 
thus  held  against  the  globe.  The  cicatricial  bands  which  form  in  the  track 


G.  Conjunctivitis  gonorrhoica. 
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of  the  suture  are  expected  to  maintain  the  lid  in  position.  The  suture  is 
to  be  removed  at  the  end  of  four  or  five  days. 

Where  the  lid  is  much  elongated  and  sags  to  a considerable  degree, 
particularly  in  cicatricial  ectropion,  the  surgeon  has  the  choice  of  three1 
procedures:  (1)  the  lid  can  be  supported  by  the  transference  of  a skin- 


Fig.  174. — Von  Langenbeck’s  operation  for  ectropion. 
A,  Incision.  B,  After  suturing. 


flap  from  the  malar  region,  as  in  von  Langenbeck’s  operation,  or  a flap  can 
be  taken  from  the  forehead;  (2)  one  of  the  numerous  excision  operation.’ 
can  be  done,  or  (3)  the  Hotz  operation  can  be  performed. 

Yon  Langenbeck’s  Operation,  which  was  highly  commended  by  Lei 
nays,  is  to  be  done  by  making  an  incision  in  the  skin  from  one  :anthns  to 


the  other,  2 or  3 millimetres  from  the  lid-margin.  The  deeper  tissues 
are  then  to  be  divided  aid  m assistant  pulls  the  lid  into  place.  The  sur- 
geon then  makes  e skip-flap,  of  the  shape  shown  in  Fig.  174,  and  sews 
it  into  the  wound  The  skin-flap  must  be  much  larger  than  the  space 
to  be  covered,  to  rUow  for  shrinkage.  The  redundancy  of  tissue  in  the 
lower  lid  will  disappear.  In  restoring  the  lower  lid  the  use  of  a skin-flap 
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taken  from  the  temporo-frontal  region  (Fig.  175)  presents  a distinct  ad- 
vantage, since  the  line  of  traction  is  such  as  to  assure  less  danger  of  a 
recurrence  of  the  eversion. 


Fig.  176. — Von  Ammon’s  operation  for  ectropion. 


The  excision  operations  for  ectropion  are  numerous.  Von  Ammon's 
operation  consists  in  the  removal  of  a triangular  segment  from  the  outer 
can  thus,  the  base  of  the  triangle  being  toward  the  eyeball  (Fig.  176). 


Fig.  177. — Dieffenbaeh’s  operation  for  ectropion. 


Dieffcnbacli's  operation  combines  a tarsorrhaphy  with  the  excision  of  a 
triangle,  with  the  base  up  (Fig.  177),  from  ,Lho  outer  canthus.  Sanson's, 
often  misnamed  Adams's,  operation  consists  in  the  excision  of  a wedge- 


Fig.  178. — Sanson’s  operation  for  ectropion. 


shaped  niece  of  the  whole  thickness  of  the  lid  (Fig.  178).  It  was  often 
followed  by  a cleft  in  the  lid,  and  is  now  rarely  performed. 

Kobertson's  Operation  seems  to  be  applicable  to  several  forms  of 
tctropion  of  the  lower  lid.  An  incision  is  made  through  the  skin  of  the 
outer  third  of  the  lower  lid  and  is  continued  upward  12  or  15  millimetres. 
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It  is  then  to  be  carried  outward  6 millimetres  and  then  downward  about 
25  or  30  millimetres.  The  flap  of  skin  thus  outlined  is  to  be  dissected.  A 
V-shaped  piece  is  next  removed  from  the  entire  thickness  of  the  lid  near 
the  outer  canthus.  Traction  upward  is  now  to  be  made  on  the  skin-flap 
until  the  lid  is  placed  in  normal  position.  The  excess  of  the  skin-flap  is 
cut  off  and  the  parts  are  united  with  sutures  (Fig.  179). 


Fig.  179. — Robertson’s  operation  for  ectropion. 


Kuhnt's  Operation  consists  in  the  excision  of  a triangular  piece  of 
the  tarsus  and  conjunctiva,  the  base  of  the  triangle  being  at  the  lid-margin 
and  the  apex  at  the  fornix.  The  wound  is  closed  by  means  of  sutures 
placed  horizontally  on  the  inner  surface  of  the  lid,  and  one  external,  or  sup- 
porting, suture.  The  steps  in  the  operation  are  shown  in  Fig.  180.  This 
procedure  is  applicable  to  those  cases  of  ectropion  of  the  lower  lid  in  which 


Fig.  180. — Kuhnt’s  np. -ration  for  ectropion. 


the  lid  is  elongated  chiefly  a+  idle  margin.  After  the  sutures  are  tied,  the 
conjunctiva  around  the  wound  is  dusted  with  iodoform,  the  skin  of  the  lids 
is  anointed  with  sterile  vaz*  lin,  and  a dressing  of  sterile  gauze  is  applied. 
The  sutures  are  removt'l  jn  the  fourth  day.  Ivuhnt’s  operation  is  of  value 
in  cicatricial  ectro  non  in  addition  to  the  required  plastic  procedure,  but, 
as  a rule,  it  is  of  greatest  value  in  senile  ectropion  and  in  eversion  of  the 
lower  lid  from  trachoma. 
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Kuhnt-Szymanowski  Opeiution. — A combination  of  the  tarsal 
operation  of  Kuhnt  and  the  cutaneous  method  of  Szymanowski  is  said  to 
give  perfect  results.  The  technique,  briefly  stated,  is  this:  (1)  the  lower 
lid  is  split  in  the  intermarginal  line;  (2)  a triangular  piece  of  the  tarsus 
is  excised;  (3)  a triangular  piece  of  skin  is  excised  from  the  region  of  the 
outer  canthus,  and  (4)  the  wounds  are  sutured  (Fig.  181). 


Hotz's  Operation  for  Cicatricial  Ectropion  is  to  be  recom- 
mended. 

In  operating  upon  the  lower  eyelid  (Fig.  182)  the  incision,  ?-m-b,  is 
begun  1 centimetre  below  the  inner  cantlius  and  is  carried  obliquely  into 
the  cheek  to  a point  3 centimetres  below  the  centre  of  the  ever'eci  lid-margin. 


m m 

Fig.  182. — Botz'b  operation  for  cicatricial  ectropion  of  the  lower  eyelid. 

A,  Lines  of  incision.  B,  The  sutures  in  place. 

It  is  then  extended  upward  and  outward  to  the  point  b (Fig.  182),  even 
with,  and  1 centimetre  from,  the  outer  cantlius.  This  large  flap,  g-m-b , is 
dissected  from  the  underlying  scar-tissue  and  all  cicatricial  bands  are 
iu  The  overstretched  lid-margin  is  then  reduced  to  its  proper  size  by 
removing  a suitable  piece  (except  the  conjunctiva)  near  the  outer  canthus, 
cutting  from  a to  c along  the  lid-margin  and  from  c to  d through  the 
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flap.  The  edges  c-d  and  a-b  are  then  united  hy  two  silk  sutures.  The 
lid  is  now  drawn  up  as  far  as  possible  and  is  held  by  two  silk  sutures, 
which  are  passed  through  the  free  margin  and  fastened  to  the  forehead 
by  adhesive  plaster.  The  edge  of  the  detached  lid-flap  is  then  anchored 
to  the  tarso-orbital  fascia  by  silk  sutures.  The  open  surface  is  covered 
with  a Thiersch  graft  whose  edges  are  to  lap  over  the  surrounding  skin. 

In  operating  on  the  upper  eyelid  (Fig.  183)  Hotz  begins  his  incision 
about  5 millimetres  above  the  inner  canthus,  and  continues  it  obliquely 
upward  into  the  cicatricial  skin  and  then  downward  to  a point  about  5 
millimetres  above  the  outer  canthus.  This  incision  outlines  a large  flap, 
a-b-c , which  is  dissected  from  the  underlying  scar-tissue  as  far  as  the  lid- 
borders.  The  lid  is  then  released  by  dissection  from  all  cicatricial  con- 
nections until  it  can  be  replaced  in  its  normal  position.  The  edge  of  the 
lid-flap  is  then  fastened  by  silk  sutures  to  the  upper  border  of  the  tarsus. 


b b 


Fig.  183. — Hotz’s  operation  for  cicatricial  ectropion  of  the  upper  eye’ id. 

If,  on  account  of  the  presence  of  the  eyebrows,  the  lid-flap  canno,  be  taken 
from  the  cicatricial  skin,  an  incision  is  made  along  the  lid-border.  The 
lid  is  replaced  and  a large  Thiersch  graft  is  sutured  to  l]  e upper  tarsal 
border  as  well  as  to  the  wound  edge  of  the  free  border.  In  placing  the 
sutures  care  must  he  taken  that  the  edges  of  the  flap  not  roll  in.  Strips 
of  gutta-percha  are  laid  over  the  flap;  a gauze  compress  wet  with  warm 
boric-acid  solution  is  applied;  and  a protection  layer  of  cotton  and  a 
bandage  complete  the  dressing.  The  dress  ng  is  not  disturbed  before  the 
third  day. 

Subcutaneous  Incision. — In  rar^  instances  cicatricial  ectropion  can 
be  relieved  by  the  subcutaneous  cutti  lg  of  contracted  bands.  The  operation 
is  done  by  means  of  a tenotome. 

Excision  of  the  CiCAunx,  without  a plastic  procedure,  is  applicable 
in  a few  cases  where  the  scar-tissue  is  of  limited  extent.  In  general  terms, 
however,  it  may  be  said  that  cicatricial  ectropion  demands  a blepharoplastic 
operation. 

Blepharoplasti*.  Operations. — These  procedures  are  required  in  cica- 
tricial ectropior  in  cases  where  destruction  of  a part  or  all  of  the  lid 
occurs.  The  restoration  may  be  made  by  grafting  or  by  transplantation 
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of  a piece  of  skin.  Such  operations  are  divisible  into  the  following 
groups : — 

1.  Operations  in  which  a piece  of  skin  bearing  a pedicle  is  turned 
into  a lid.  This  may  be  obtained  (a)  from  neighboring  tissue  or  (b)  from 
a remote  part. 

2.  Operations  in  which  the  transplanted  piece  of  skin  is  without  a 
pedicle  (method  of  le  Fort). 

3.  Operations  in  which  small  pieces  of  skin  are  grafted  into  a wound 
as  a mosaic  (KeverdhTs  method). 

4.  Operations  in  which  the  grafts  of  Ollier  or  of  Thiersch  are  used. 

In  all  blepharoplastic  operations  the  strictest  attention  to  asepsis  is 

necessary.  Often  repeated  operations  will  be  required  in  order  to  secure 
the  best  result.  Tension  on  the  transplanted  flap  should  be  avoided,  and 
in  cutting  the  flaps  fully  50  per  cent,  should  be  allowed  for  shrinkage. 


Fig.  184. — Fricke’s 
blepharoplasty. 


Fig.  185. — Blaeius  /•  blepharoplasty. 


Wherever  possible  the  pedicle  should  include  a good-sized  blood-vessel. 
Twisting  of  the  pedicle  should  be  avoidou.  Sutures  are  used  only  in  lim- 
ited number;  numerous  sutures  add  danger  of  infection.  Artificial 

warmth  applied  to  the  flap  is  unnecessary.  A dry  dressing  should  be  applied 
to  the  parts  and  the  wound  should  not  be  touched  for  two  or  three  days. 
Syphilitics  are  not  good  subject,  for  plastic  operations. 

In  pre-antiseptic  da^s  it  was  a dictum  of  surgery  that  all  cicatricial 
tissues  should  be  excised.  This  view  is  no  longer  tenable.  Eollet  and 
others  have  had  succors  with  blepharoplastic  flaps  composed  entirely  of 
cicatricial  tissue.  .Nit  infrequently  the  surgeon  will  need  to  combine  two 
different  procedure  m order  to  correct  the  deformity. 

Bleptlvkoplasty  With  a PedicLe  Derived  from  Adjacent  Tissue. 
— The  methods  of  blepharoplasty  with  a pedicle  are  numerous,  and  only  a 
few  can  be  mentioned.  Fricke’s  operation  (1829)  consists  in  filling  an 
oval  de^ec"  in  the  lid  with  a tongue-shaped  flap  taken  from  the  forehead 
or  cheek  (Fig.  184).  It  is  applicable  to  either  lid.  Fricke  applied  this 
operation  to  cases  of  extreme  ectropion  in  which  only  the  skin'  was  de- 
stroyed, the  conjunctiva  and  lid-margin  being  normal. 


DISEASES  OF  THE  EYELIDS. 


215 


Blasius’s  Operation  (1842)  aims  to  restore  the  lower  lid  by  means  of  a 
flap  taken  from  the  temporo-frontal  region  (Fig.  185).  In  a case  in  which 
the  inner  two-thirds  of  the  lid  was  destroyed  Blasius  used  a flap  which  was 
cut  from  the  side  of  the  nose. 


A B 


Fig.  186. — Hasner  von  Artlia’s  blepliaroplasty. 


Hasner’s  Opei'ations. — Josef  Hasner  (Ritter  von  Artha)  dev: sect  sev- 
eral ingenious  plastic  procedures.  He  was  the  first  surgeon  to  me  the 
bifurcated  flap  to  restore  losses  of  the  outer  (Fig.  186)  a^u  the  inner 
canthus.  Hasner  restored  the  inner  three-fourths  of  the  lower  nd  by  taking 
a flap  from  the  glabella  and  forehead  (Fig.  187).  He  also  revised  a valu- 


Fig.  187. — ITas.'e*  von  Art  ha’s  blepharoplasty. 


able  operation  (Fig.  .182),  by  means  of  sliding  flaps  with  curved  margins, 
for  cases  in  which  the  removal  of  a large  part  of  both  lids  becomes  necessary. 

Dieffenbaciis  Operation. — In  this  a triangular  defect  in  the  lower  lid 
is  covered  with  a quadrangular  flap  (Fig.  189).  A modification  of  this 
operation  was  made  by  Szymanowski  (Fig.  190). 
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Knapp's  Operation  (Fig.  191)  is  valuable  where  the  greater  part  of  the 
lower  lid  must  be  excised  for  malignant  disease.  In  cases  of  ulceration 
where  there  is  involvement  of  both  eyelids,  an  extensive  plastic  operation 
will  be  required,  as  in  a case  reported  by  Posey  and  Shumway  (Fig.  192). 

BoUet’s  Operation  is  useful  in  cases  requiring  the  restoration  of  a large 
part  of  the  eyelid.  It  consists  in  the  use  of  two  sickle-shaped  flaps,  taken 


Fig.  18S.— Hasner  von  Artha’s  blepliaroplasty  for  both  lids. 


from  the  naso-frontal  and  the  temporo-frontal  regions  (Fig.  19^).  ii 
cicatricial  ectropion  of  the  lower  lid  Eollet  employs  a similar  operation. 

Blepharoplasty  With  a Pedicle  from  a Distant  Pa.*t. — An 
ancient  operation,  which  is  known  as  the  Italian  method,  is  the  application 
to  the  eyelids  of  a procedure  which  the  Branca  family  and  Tagliacozzi 


Fig.  1S9. — Dieffenbach’s  blepharoplasty.  Fig.  190. — The  Dieffenbach-Szymanowski 


operation. 


applied  in  the  diteenth  and  sixteenth  centuries  to  the  restoration  of  the 
nose.  The  dap  is  obtained  from  the  inner  aspect  of  the  arm.  Because  of 
the  necessity  of  prolonged  immobilization  of  the  parts  the  method  has  never 
become  popular. 

Llipharoplasty  Without  a Pedicle  (Skin-grafting). — If  the  skin  is 
ebtsmed  from  the  patient  it  is  known  as  an  autograft;  if  from  another 
Pirson  it  is  a heterograft;  if  from  one  of  the  lower  animals  it  is  a zoo- 
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graft.  A heterograft  or  autograft  generally  grows  better  than  a zoograft, 
although  the  heterograft  may  be  the  means  of  transmitting  syphilis. 

Le  Fort’s  Method  (the  transplantation  of  flaps  comprising  the  whole 


thickness  of  the  skin  without  the  subcutaneous  fat)  has  been  practiced  suc- 
cessfully by  le  Fort,  Sichel,  Stellwag,  and  others.  The  procedure  was 
popularized  by  the  writings  of  Wolfe.  In  the  operation  from  30  to  50  per 


cent,  should  be  allowed  for  shrinkage.  Sutures  may  or  may  not  be  used. 
A dry  dressing  is  applied. 

Reverdin’s  Method. — In  this  procedure  pieces  of  clean  skin,  one  or 
two  millimetres  in  diameter,  are  cut  from  the  thigh  or  arm.  The  epi- 
thelium and  a pare  of  the  corium  are  removed.  Numerous  such  grafts  are 
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implanted  upon  the  denuded  surface  at  intervals  of  five  to  ten  millimetres, 
and  a gauze  dressing  is  applied.  This  should  not  be  disturbed  for  several 
days.  If  there  is  much  suppuration  the  superficial  layers  of  gauze  can  be 
changed  daily  and  the  parts  can  be  washed  with  a solution  of  boric  acid. 
Strong  antiseptics  should  not  be  applied. 

Thiersch's  Method  is  generally  believed  to  be  the  best  means  of 
closing  skin-defects.  Both  the  area  to  be  filled  and  the  surface  from  which 
grafts  are  to  be  cut  must  be  clean  (washed  with  soap  and  hot  water  and  then 
with  a solution  of  bichlorid  of  mercury)  and  should  be  kept  moist  with  a 
physiologic  salt  solution  (bicarbonate  and  chlorid  of  sodium,  of  each,  0.3 
per  cent.).  With  a sterile  razor  strips  are  cut  which  are  to  include  only 


Fig.  193. — Rollet’s  operation. 

the  epidermal  -and  Malpighian  layers.  In  this  pr^ct  Im  e the  skin  is  held 
tense  and  the  strips  are  cut  with  a gentle  to-and  fro  movement.  They  are 
then  floated  in  the  normal  salt  solution  on  to  the  area  which  is  to  be  cov- 
ered. In  this  manner  strip  after  strip  is  t c,  be  applied  until  the  denuded 
area  is  covered.  The  strips  should  overlap  one  another  and  also  should 
cover  the  skin.  All  bleeding  should  be  chef  ked  before  the  grafts  are  placed. 
During  the  operation  there  may  bo  doubt  as  to  which  is  the  raw  surface 
of  a particular  graft.  This  c<u  be  determined  by  remembering  that  the 
graft  rolls  up  toward  the  raw  surface.  A layer  of  gauze  or  of  rubber  tissue 
is  to  be  applied  and  held  in  place  by  a bandage.  The  dressing  should  be 
smeared  with  sterile  vaselin.  so  that  the  grafts  will  not  become  detached 
when  the  dressing  is  changed.  Thiersch  grafts  are  not  only  of  value  in 
dosing  defects  of  the  eyelids  and  face,  but  are  also  applied  to  the  bones 
of  the  orbit  in  cases  requiring  total  removal  (exenteration)  of  the  orbital 
contents.  They  are  also  of  value  in  svmblepharon  operations.  The  grafts 
will  grow  upon  periosteum,  bone,  tendons,  fascia,  and  muscle. 


CHAPTER  VI. 

DISEASES  OF  THE  LACRIMAL  APPARATUS. 

Since  the  lacrimal  apparatus  naturally  admits  of  division  into  a 
secretory  and  an  excretory  part,  it  will  be  proper  to  consider,  first,  the 
diseases  of  the  gland,  and,  second,  the  diseases  of  the  drainage  system. 
Lacrimal  diseases  form  about  2 per  cent,  of  the  practice  of  ophthalmolo- 
gists. 

DISEASES  OF  THE  LACRIMAL  GLAND. 

The  lacrimal  gland  of  the  orbit  is  subject  to  inflammation,  injury,  and 
new  growths.  The  accessory  glands  also  take  on  certain  morbid  actions. 

Inflammation  of  the  Lacrimal  Gland  (Dacryoadenitis)  is  a very  rare 
disease,  which  may  end  in  resolution,  in  suppuration,  or  in  chronic 
adenitis.  The  inflammation  may  be  acute  or  chronic. 

Acute  Dacryoadenitis  begins  with  pain,  redness,  and  swelling  of  the 
upper  lid  and  conjunctiva,  particularly  of  the  outer  extremity  of  the  lid. 
In  the  beginning  of  the  attack  an  enlargement  of  the  gland  can  be 
readily  felt.  On  elevating  the  lid,  the  lower  part  of  the  swollen  gland 
becomes  visible.  The  skin  is  movable  over  the  mass,  and,  in  pronounce^ 
cases,  the  eye  is  protruded  and  depressed.  The  upper  lid  droops.  In 
the  acute  stage  the  gland  is  very  sensitive,  and  eversion  of  the  lid  eam.ot 
be  performed.  Under  these  circumstances  the  eye  may  present  a picture 
resembling  that  of  purulent  conjunctivitis  or  orbital  cellul  tis  When 
suppuration  occurs,  the  pus  may  escape  through  the  skin  of  the  lid  or 
through  the  conjunctiva.  Probably  the  lower  anterior  peit  of  the  gland, 
the  so-called  palpebral  part,  is  more  often  inflamed  than  thf  main  portion. 

Etiology. — Dacryoadenitis  is  more  common  ;n  women  and  children 
than  in  men  and  adults.  It  sometimes  occurr  in  epidemics  in  connec- 
tion with  mumps.  Injuries,  exposure  to  ccid,  ind  certain  blood  diseases 
— such  as  syphilis,  gout,  rheumatism,  scrofula,  and  sepsis — and  direct 
infection  from  the  conjunctival  cul-de-suc  are  causes.  Metastatic  dacryo- 
adenitis occurring  in  patients  with  fonoirhea  has  been  described  by  Ter- 
son,  Panas,  and  Ferry. 

Diagnosis. — Acute  dacryoadenitis  must  be  distinguished  from  orbital 
cellulitis.  The  differentation  can  be  made  by  the  location  of  the  point 
of  greatest  intensity  of  tht  inflammation.  In  some  cases  diagnosis  may 
be  impossible  until  afLer  exploratory  incision. 

Treatment. — If  a case  of  dacryoadenitis  is  seen  in  the  earliest  stage, 
the  patient  should  be  given  a mild  cathartic  and  any  special  medication 
which  may  be  nee  Jed  to  combat  any  constitutional  disease  from  which 
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he  may  suffer.  The  application  of  iced  compresses  is  valuable.  If  the 
case  is  seen  later,  hot  packs  are  to  be  applied  to  the  region  over  the 
inflamed  gland.  Pus  may  form  in  a few  days,  in  which  case  an  incision 
must  be  made.  The  inflammatory  symptoms  may  subside,  and  the  case 
then  becomes  chronic. 

Chronic  Dacryoadenitis  is  recognized  by  the  history  and  by  the 
presence  of  a swollen,  lobulated,  tender  mass,  situated  at  the  outer  and 
upper  angle  of  the  orbit.  In  a case  of  this  character,  seen  by  Snell, 
there  was  almost  a complete  absence  of  tears.  Chronic  inflammation 
of  the  gland  may  appear  at  any  age.  It  is  found  in  non-syphilitics  as 
well  as  in  syphilitics.  Often  its  cause  cannot  be  determined. 

The. treatment  comprises  the  local  use  of  iodin  and  mercurial  oint- 
ments, and  the  internal  administration  of  iodid  of  potassium  and  bichlorid 
of  mercury.  There  is  abundant  evidence  of  the  efficiency  of  these  reme- 
dies in  those  who  do  not  give  a specific  history,  as  well  as  in  syphilitics. 
Where  there  is  a history  of  rheumatism,  the  iodid  or  salicylate  of  sodium 
is  of  value.  The  use  of  a compress  bandage  is  recommended  by  Gale- 
zowski. 

Dacryoadenalgia  is  the  name  applied  by  A.  Schmidt  to  reutalgh 
of  the  lacrimal  gland.  The  condition  is  an  extremely  rare  out,  *:nd  it 
is  a question  whether  the  term  should  be  retained  in  ophthalmia  literature. 
Possibly  cases  of  supposed  neuralgia  of  the  gland  were  examples  of  lesions 
or  functional  disturbances  located  elsewhere. 

Simple  Hypertrophy,  or  Adenoma,  of  the  Lacrhu'u  Gland  is  rarely 
seen.  It  may  be  congenital  or  acquired.  The  enlargement  may  be  so 
great  as  to  cause  optic-nerve  atrophy  by  pressure  and  extrusion  of  the 
globe  from  the  orbit.  An  interesting  examole  of  adenoma  occurred  in 
the  practice  of  the  late  Dr.  C.  Johnston,  oc  Laltimore.  The  eye,  forced 
from  its  normal  position,  still  retainer  :rs  movements,  and  vision  equal 
to  the  counting  of  fingers  was  preserved.  On  removal  the  gland  was 
found  to  be  the  size  of  a hen's  egg  and  contained  numerous  dacryoliths. 
The  diagnosis  of  simple  hypertrophy  may  be  difficult  at  an  early  stage. 
A rapidly  increasing  gr^w  h may  be  a simple  adenoma,  a malignant 
neoplasm,  or  a tubercukr  timor. 

The  treatment  o*  hypertrophy  should  begin  with  the  local  use  of 
iodin  and  the  internal  use  of  potassium  iodid  and  bichlorid  of  mercury. 
Should  this  fail  tr  check  the  process,  recourse  should  be  had  to  excision 
of  the  gland. 

Atroofv  of  the  Gland  occurs  rarely  and  is  generally  associated  with 
xerosis  of  the  conjunctiva.  It  may  be  caused  by  the  pressure  of  an 
orbital  timor.  Destruction  of  the  lacrimal  sac  is  sometimes  followed  by 
abs.nc?  of  lacrimation  of  the  same  side,  presumably  due  to  atrophy. 
There  is  no  treatment  for  this  condition. 

Dacryoliths. — Concretions  in  the  lacrimal  gland  are  of  rare  occur- 
rence. If  recognized,  they  should  be  removed  by  incision. 
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Dacryops. — Cyst  of  the  gland,  or  of  an  efferent  duct,  is  a rare  con- 
dition which  may  be  present  at  birth,  but  is  usually  acquired.  It  forms 
a tumor  varying  in  size  from  a pea  to  a pigeon’s  egg,  situated  at  the 
upper  and  outer  part  of  the  upper  lid,  and  extending  backward  to  the  orbit. 
On  everting  the  lid,  a translucent,  elastic  swelling,  of  a bluish-pink  color, 
presents  itself.  If  the  patient  weeps,  it  may  increase  rapidly  in  size. 
Pressure  may  cause  it  to  collapse. 

Treatment. — Dacryops  is  best  treated  by  excision.  Some  authors 
have  thought  that,  on  account  of  the  thinness  of  the  wall  of  the  cyst, 
excision  is  not  possible.  Mr.  Arnold  Lawson  has  reported  a case  in  which 
this  operation  was  successfully  performed. 

Hydatid  Cyst  of  the  lacrimal  gland  has  been  reported  by  Fromaget. 

Fistula  of  the  Lacrimal  Gland  may  occur  from  trauma,  dacryops,  or 
abscess,  or  may  be  present  as  a congenital  condition.  The  fistula  opens 
on  to  the  upper  lid,  and  presents  a minute  orifice  through  which  tears 
ooze  forth.  Under  excitement  or  irritation  the  flow  becomes  profuse. 
The  closure  of  such  an  opening  is  sometimes  difficult,  and,  if  the  effort 
succeeds,  it  may  cause  dacryoadenitis.  The  older  ophthalmologists  re- 
sorted to  heroic  measures.  Beer  closed  a fistula  by  passing  a red-hot 
knitting-needle  into  the  opening,  and  Mackenzie  used  a probe  coated  with 
lunar  caustic.  The  simplest  and  most  satisfactory  way  to  deal  with  such 
cases  is  to  excise  the  lacrimal  gland,  and  at  the  same  time  cut  out  the 
tissue  around  the  fistulous  tract.  Fistulse  due  to  caries  or  necrosis  of 
the  orbital  wall  will  heal  only  after  the  removal  of  the  diseased  bone. 

Dislocation  of  the  Gland  may  be  present  at  birth,  follow  trauma, 
or  occur  spontaneously.  When  it  results  from  trauma,  the  parts  should 
be  cleansed,  the  gland  replaced,  the  skin  sutured,  and  a bandagQ  applied. 
Bistis  has  recorded  a case  in  which  this  treatment  was  successful.  In 
traumatic  luxation,  where  the  gland  is  badly  lacerated  an  i che  ducts  are 
torn,  it  will  be  best  to  excise  the  mass.  Its  removal  viii  not  materially 
affect  the  moistening  of  the  conjunctiva. 

Spontaneous  luxation  rarely  occurs,  the  gland  commonly  presenting 
above  the  outer  part  of  the  upper  lid.  Noyec  found  it  beneath  the  ocular 
conjunctiva,  over  the  insertion  of  the  external  jectus  muscle.  Robertson 
removed  a lacrimal  gland  dislocated  into  the  upper  lid,  where  it  occupied 
the  whole  length  and  part  of  the  breadth  of  the  eyelid.  If  luxated  chiefly 
into  the  lid,  the  gland  should  be  anchor  3d  to  the  periosteum  of  the  orbit. 
If  this  fails,  excision  will  be  in  other. 

Syphilis  of  the  Lacrimal  Giond,  although  a rare  condition,  undoubtedly 
occurs.  Such  a case  was  record by  Streatfeild.  In  any  case  of  enlarge- 
ment of  the  gland  in  which  the  cause  is  not  known,  antisyphilitic  treatment 
should  be  instituted  before  ungical  intervention  is  practiced. 

Tumors  of  the  Lacrimal  Gland  are  not  often  seen.  Aside  from  the 
cysts  already  mem'ioxied,  the  new  formations  in  this  part  are  sarcomas 
of  various  k:r  ds,  carcinomas,  myxomas,  lymphadenomas,  chloromas. 
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hydatids,  dermoids,  chondromas,  angiomas,  and  concretions  (dacryoliths). 
Buller  and  Byers  have  reported  a case  of  primary  carcinoma  of  the  gland. 

The  malignant  tumors  here  grow  rapidly.  In  many  cases  it  will  be 
manifestly  impossible  to  make  a diagnosis  of  the  nature  of  a tumor  of 
the  lacrimal  gland  until  after  removal.  If  the  growth  does  not  subside 
under  antisyphilitic  treatment,  it  should  be  excised. 

Tuberculosis  of  the  Gland  has  been  described  recently  by  de 
Lapersonne,  L.  Muller,  Baas,  Salzer,  and  Siisskind.  The  clinical  features 
are  the  presence  of  a hard  tumor,  about  the  size  of  an  almond,  situated 
at  the  upper  and  outer  part  of  the  orbit.  The  tumor  is  movable  and 
is  not  adherent  to  the  skin.  In  one-half  the  cases  the  growth  was  rapid 
(two  or  three  months)  and  suggested  sarcoma.  In  the  other  half  the 
disease  progressed  slowly  (three  or  four  years).  In  only  one  case  was 
pain  present  at  the  beginning.  In  three  cases  the  skin  over  the  tumor 
.was  red  and  swollen.  Nearly  all  the  patients  showed  tuberculosis  else- 
where. The  movement  of  the  eye  was  not  limited.  It  is  evident  that 
the  nature  of  the  tumor  in  these  cases  can  be  determined  only  after  re- 
moval. Microscopic  examination  shows  typical  miliary  and  subnvlkry 
tubercles,  with  more  or  less  round-cell  infiltration.  The  tubercle  bacillus 
was  found  in  less  than  half  of  the  reported  cases.  Thus  far  caseation  has 
not  been  reported.  Surgical  intervention  will  be  in  ord^r  only  after 
medical  and  hygienic  measures  have  failed. 

Chloroma. — A rapidly  growing  and  very  malignant  pud  rare  tumor 
of  the  gland  is  chloroma,  which  Dock  states  “is  a 1 ympnomatous  process 
similar  in  its  clinical  features  to  leukemia.”  Tin  tumor  is  hard  and 
becomes  so  large  that  the  lids  do  not  cover  the  eyeball.  The  lymphatic 
glands  of  the  neck  become  enlarged,  the  blood  shows  an  excess  of  leu- 
cocytes, and  hemorrhages  occur  from  the  mucous  membranes.  In  Ayres’s 
case  the  immediate  cause  of  death  was  hemorrhage  from  the  conjunctiva. 
On  removal  the  tumor  presents  a 1 gh  ‘■-greenish  color;  hence  the  name. 
It  is  a disease  of  early  life,  the  average  age  of  the  reported  cases  having 
been  fifteen  years. 

Affections  of  the  Accuse  **v  Glands  are  probably  much  more  common 
than  would  be  thought  >oir  the  small  amount  of  literature.  Antonelli 
has  described  a case  of  dacryoadenitis  of  the  inferior  accessory  lobules 
in  a man  aged  twenty-five  years.  There  was  a small  tumor,  situated 
one  centimetre  up  and  out  from  the  corneal  limbus. 

0;SEASES  OF  THE  DRAINAGE  APPARATUS. 

It  is"  necessary  to  consider  the  affections  of  the  puncta,  canaliculi, 
sac,  nnd  duct.  Diseases  of  these  parts  are  characterized  by  an  overflow 
of  tt^is,  a symptom  which  is  known  as  epiphora. 

The  Puncta  may  be  congenitally  absent  or  closed.  Multiple  puncta 
are  sometimes  seen.  As  a result  of  trachoma,  or  from  cicatricial  con- 
tractions following  burns  and  other  injuries,  or  from  ulceration,  the  puncta 
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may  be  misplaced.  Drooping  of  the  lower  lid  in  facial  paralysis  causes 
the  lower  punctum  to  sag.  Superficial  occlusion  of  this  also  occurs  in 
blepharitis  marginalis. 

The  treatment  consists  in  the  introduction  of  a sharp-pointed  lacrimal 
probe.  If  the  canaliculus  also  is  occluded,  it  will  be  necessary  to  probe 
it  or  to  slit  it  up  to  its  junction  with  the  sac.  In  cases  of  inversion  or 
eversion  of  the  punctum  it  will  be  necessary  to  remove  the  cause  (en- 
tropion, ectropion,  inflammatory  thickening  of  the  lid). 

The  Canaliculi  may  be  congenitally  absent,  in  which  case  they  are 
represented  by  furrows  on  the  lid-margin,  or  occluded  by  cicatricial  con- 
traction, foreign  bodies,  fungous  growths,  or  tumors.  Steffan  and  others 
have  met  with  a supernumerary  canaliculus  of  the  lower  eyelid.  In  case 
the  canaliculi  are  absent,  an  attempt  should  be  made  to  secure  an  open- 
ing directly  into  the  sac,  as  described  under  the  head  of  lacrimal  opera- 
tions. In  case  a wound  cuts  a canaliculus  across,  the  surgeon  should 
attempt  to  pass  a probe  into  the  nasal  duct  and  then  insert  a lacrimal 
style,  which  should  be  left  in  situ  during  the  process  of  healing.  Foreign 
bodies  in  the  canaliculi  are  sometimes  seen  at  the  present  time.  The 
author  has  recently  removed  a birdshot  from  the  superior  canaliculus, 
where  it  had  rested  for  nine  years.  Hairs,  eyelashes,  pieces  of  silk  thread, 
and  dacryoliths  have  been  found  in  this  part  of  the  drainage  apparatus. 
The  author  has  met  with  one  case  in  which  the  lower  canaliculus  was 
occupied  by  a growth  of  leptothrix,  which  formed  a round,  hard  mass, 
producing  epiphora  and  considerable  inflammatory  disturbance.  The 
canaliculus,  however,  was  not  completely  obstructed,  since  a stream  ct 
water  from  a syringe  passed  down  the  nasal  duct. 

Any  foreign  body,  such  as  a cilium  or  a piece  of  the  beard  of  barley 
or  wheat,  if  projecting,  can  be  seized  with  forceps  and  remold  If  not 
projecting,  the  canal  should  be  opened  to  a small  extent  a».d  the  offend- 
ing substance  should  be  picked  out  with  forceps.  Dacryoliihs  are  to  re- 
ceive the  same  treatment.  Polypi  have  been  occasionally  found  in  the 
canaliculi.  Incision  of  the  canal  and  removal  comprise  the  proper  treat- 
ment. Stricture  of  the  canaliculus,  particularly  of  the  lower,  is  often 
found  at  the  nasal  extremity  of  the  canal  I ;s  treatment  will  be  con- 
sidered with  that  of  stricture  of  the  nasal  duct. 

Mucocele  of  the  Inferior  Canaiaculus  has  been  described  by 
Brady,  of  San  Francisco.  The  dilat(d  vanal  measured  eleven  by  six  milli- 
metres. It  contained  watery  mucus,  end  was  treated  by  destroying  the  lin- 
ing epithelium  with  an  electrooa^tcry. 

Leptothrix  Lacrimalis  (Tcai-stone)  is  a fungus  which  is  rarely  found 
in  the  canaliculi.  It  is  much  more  frequent  in  the  lower  than  in  the 
upper  canaliculus.  The  inner  part  of  the  lid,  corresponding  to  the 
canaliculus,  is  red  aud  swollen,  with  a tendency  to  ectropion,  the  appear- 
ance resembling  that  of  a stye.  The  disease  is  unilateral.  According 
to  Kipp,  it  occurs  in  the  proportion  of  1 to  53,600  eye  cases.  The 
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caruncle  and  plica  semilunaris  show  a persistent  conjunctivitis;  and  a 
tenacious,  yellowish,  creamy  fluid  exudes  from  the  punctum.  Noyes 
mentions  a pumping  or  sucking  movement  in  the  dilated  punctum.  The 
fungous  mass  may  he  rounded  and  firm,  feeling  hard  like  a chalazion. 
The  condition  may  be  mistaken  for  hordeolum  or  for  chronic  dacryo- 
cystitis. From  the  latter  it  can  easily  be  distinguished  by  the  absence  of 
distension  of  the  lacrimal  sac,  and  from  the  former  by  its  chronic  nature. 
Higgins  met  with  a case  of  leptothrix  which  was  mistaken  for  an  epi- 
thelioma. Microscopic  examination  of  the  mass  shows  it  to  be  composed 
of  isolated,  unbranched,  straight,  and  very  thin  filamentous  cells,  similar 
to  leptothrix  buccalis  found  in  the  tartar  of  teeth.  Leptothrix  has  the  char- 
acteristic of  secreting  lime  salts.  When  calcified,  it  forms  a hard  mass 
known  as  tear-stone.  Up  to  1874  the  fungus  found  in  these  concretions  was 
reported  to  have  been  leptothrix.  Since  that  date  streptothrix  was  found 
in  all  instances.  Since  1894  actinomyces  has  been  reported  as  present  in 
such  concretions.  Evidently  the  subject  demands  further  investigation. 
In  the  treatment  of  this  disease  pressure  will  cause  the  soft  part  to  exude, 
but  will  not  cure  the  condition.  It  will  be  necessary  to  slit  the  canaliculus 
and  apply  antiseptics  to  the  portion  distended  by  the  mass.  Here  a mill 
solution  of  nitrate  of  silver  will  be  useful. 

Lacrimal  Actinomycosis. — Schroeder,  in  1894,  in  a concrc  iou  removed 
from  a canaliculus,  found  microscopic  appearances  typical  of  the  ray- 
fungus.  He  believes  that  all  previous  cases  of  obstruct,  m a canaliculus 
by  fungus  were  due  to  the  development  of  actinomyces.  Elschnig  and 
E vetsky  agree  in  this  opinion,  which  the  auth(  r ki  io  ws  to  be  incorrect. 
Actinomycosis  has  been  found  a few  times  p^odming  obstruction  of  the 
canaliculi.  The  treatment  for  actinomycosis  hmiiides  slitting  of  the  canalic- 
ulus, removal  of  the  mass,  curettement  of  thu  walls  of  the  distended  canal, 
and  the  application  of  a bichlorid  solution  (1  to  1000). 

Inflammation  of  the  Lacrimal  >ac.— 1 The  lacrimal  sac  is  subject  to 
acute  and  chronic  inflammation.  The  former  is  commonly  known  as 
abscess,  the  latter  as  blennorrhea  cf  the  sac.  It  would  seem  more  rational 
to  speak  of  inflammation  uf  Uej  sac  as  catarrhal  or  purulent. 

Etiology  of  Lacrimax  Inflammations. — In  the  vast  majority  of 
cases  inflammations  of  the  sac  and  duct  are  due  to  the  condition  of  the 
nasal  chambers.  The  extension  of  catarrhal  inflammation  into  the  nasal 
duct  causes  sw°lung  of  the  lining  membrane,  with  a damming  up  of 
tears.  Hert,  moisture,  and  stagnation  furnish  favorable  conditions  for 
the  multiplication  of  germs,  with  which  the  lacrimal  secretion  is  always 
well  supplied.  Mucus  and  pus  form  within  the  sac  and  duct,  and, 
althoug]  this  pus  does  not  cause  severe  inflammation  when  brought  in 
comae,  with  the  conjunctiva,  it  does  produce  disastrous  results  in  corneal 
wounds  or  in  ulcers  of  the  cornea. 

In  a few  cases  periostitis  with  caries  of  the  lacrimal  bone,  due  to 
syphilis,  produces  a form  of  lacrimal  stricture  which  is  difficult  to  cure. 
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Struma,  by  acting  on  the  nasal  mucous  membrane,  must  be  regarded  as  an 
etiologic  factor.  A slight  nasal  catarrh  may  cause  lacrimation,  photophobia, 
and  redness,  in  eyes  which  are  otherwise  normal,  the  excretory  passages  being 
permeable.  In  such  cases  spraying  of  the  nose  with  a mild  antiseptic 
and  the  instillation  into  the  conjunctiva  of  a few  drops  of  zinc-cocain 
solution  (zinc  sulphate,  gr.  ss;  cocain,  gr.  j;  water,  §j)  will  be  followed 
by  relief.  The  next  attack  of  rhinitis  will  reproduce  the  symptoms. 

Certain  cases  of  lacrimal  obstruction  are  undoubtedly  due  to  unskill- 
ful surgery.  The  habit,  common  among  some  practitioners,  of  slitting 
the  canaliculus  and  passing  probes  upon  every  case  showing  epiphora, 
often  results  in  the  tearing  of  the  membranous  lining,  the  formation  of 
cicatrices,  and  the  production  of  infection.  Such  reckless  treatment 
should  be  avoided.  Occasionally  a case  of  lacrimal  obstruction  is  due 
to  the  lodgment  of  a piece  of  broken  instrument,  such  as  the  point  of  a 
canaliculus  knife,  or  the  slipping  of  a style  into  the  nasal  duct. 

As  regards  the  nasal  disease,  a great  variety  is  presented,  embracing 
hypertrophic  and  atrophic  rhinitis,  rhinoscleroma,  the  growth  of  polypi, 
nasal  tuberculosis,  malformation  of  the . inferior  turbinated  body,  the 
growth  of  exostoses,  the  presence  of  neoplasms  in  the  antrum  of  the 
superior  maxilla,  etc. 

That  a veritable  trachomatous  inflammation  of  the  tear-sac  exists 
has  been  demonstrated  by  Vincentiis,  Cirincione,  Kalt,  Kuhnt,  and  Raehl- 
mann.  Wernke,  who  made  sections  of  ten  tear-sacs  removed  from 
trachomatous  patients,  found  in  them  the  same  pathologic  changes  that, 
exist  in  the  conjunctiva  in  trachoma.  This  fact  helps  to  explain  th° 
etiology  of  acute  dacryocystitis.  It  is  necessary  to  state,  however,  t^at  ,he 
correctness  of  these  observations  has  been  disputed. 

Lacrimal  obstruction  is  common  in  the  newborn.  Stephenson  found 
1.75  per  cent,  among  1538  out-patients  of  a children’s  hospital.  In  many 
of  these  the  history  showed  the  presence  of  a discharge  cither  from  or 
shortly  after  birth.  The  eye  is  generally  not  red.  ih^  cornea  is  clear, 
and  it  is  exceptional  to  find  a swelling  behind  the  icudo  oculi.  A plug 
of  mucus  or  muco-pus  is  present  at  the  inner  jaitiius.  Pressure  on  the 
inner  palpebral  ligament  causes  a discharge  to  rvppear.  That  the  etiology 
of  this  disease  in  the  newborn  is  different  from  that  of  the  adult  is  shown 
by  the  rarity  of  the  evidence  of  syphilis,  of  nasal  catarrh,  or  of  bone 
disease.  The  cause  is  to  be  sought  in  the  embryologic  history  of  the 
sac  and  duct,  obstruction  in  the  newborn  being  due  to  delayed  absorption 
of  the  material  which  exist:  during  fetal  life  in  the  sac  and  duct,  plus 
infection  by  bacteria.  The  b:cieria  found  in  the  discharge  from  the  sac 
and  duct  are  numerous.  They  include  pneumococcus,  xerosis  bacillus, 
staphylococcus  pyogencs  cdbi  s and  aureus,  bacillus  coli  communis,  pneumo- 
bacillus, and  bacillu:  foeiidus  ozaenae. 

Catarrhal  Dac.'vouystitis, — This  disease  has  generally  passed  the  acute 
stage  when  the  patient  applies  for  treatment.  In  acute  catarrhal  daeryo- 
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cystitis  the  chief  symptom  is  epiphora.  The  patient  is  usually  suffering 
with  an  acute  rhinitis,  and  the  involvement  of  the  sac  is  the  result  of 
direct  extension  of  the  inflammatory  process  from  the  nasal  mucous 
membrane.  The  conjunctiva  is  hyperemic.  The  skin  of  the  lids  and 
that  over  the  sac  is  often  excoriated  from  scalding  tears  and  from  the  use  of 
the  handkerchief.  Pressure  on  the  sac  causes  the  appearance  of  a slight 
mucous  discharge.  The  disease  is  commonly  bilateral. 

In  cases  of  catarrhal  inflammation  which  have  become  chronic  there 
is  often  an  accumulation  of  fluid  in  the  sac,  with  a distension  of  its 
walls,  forming  above  the  tendo  oculi  a rounded,  globular  mass,  known  as 
mucocele . Pressure  on  the  sac  will  cause  the  discharge  of  a thick,  glairy 
mucus.  While  a mucocele  is  often  small,  it  may  attain  enormous  dimen- 
sions, as  in  a case  recorded  by  Kenneth  Scott,  in  which  the  distended 
sac  reached  from  the  inner  angle  of  the  eye  to  the  angle  of  the  mouth. 

Treatment. — In  acute  catarrhal  dacryocystitis  it  will  be  necessary 
to  treat  the  nose.  The  use  of  soothing  sprays  to  the  nasal  mucous  mem- 
brane will  be  beneficial.  If  there  is  great  swelling  of  the  membrane  the 
application  of  suprarenal  extract  or  of  adrenalin  solution  will  servo  to 
reopen  the  nasal  passage.  This  should  be  fallowed  by  the  use  oi  an 
oleaginous  spray,  either  with  or  without  menthol. 

The  nasal  treatment  is  to  be  followed  by  irrigation  of  the  °ac.  For 
this  purpose  the  lower  punctum  can  be  rapidly  dilated  to  i s:ze  sufficient 
to  admit  the  nozzle  of  the  irrigator  and  an  ounce  or  t to  of  warm  boric 
acid  solution  is  caused  to  flow  through  the  excrctoiy  channels.  The 
application  of  very  hot  compresses  to  the  region  over  the  sac  will  be 
grateful  to  the  patient  and  beneficial  to  the  in  q animation.  In  this  con- 
dition cutting  of  the  canaliculus  is  absolutely  contra-indicated.  The 
prognosis  is  favorable  only  when  it  is  possible  to  treat  the  nasal  chambers 
carefully  and  persistently.  After  the m ute  symptoms  have  subsided,  the 
state  of  the  refraction  should  be  determined. 

In  cases  among  the  newborn  i rtosure  is  to  be  applied  daily  over  the 
sac,  for  the  purpose  of  removing  the  secretion  and  opening  the  naso- 
lacrimal duct.  Under  this  Ample  treatment  most  cases  improve  rapidly. 
Where  this  is  insufficier  t,  tl  e surgeon  should  dilate  the  lower  canaliculus 
and  pass  a probe,  under  general  anesthesia.  The  canaliculus  should  not 
be  cut. 

Suppurative  lie  cryocystitis. — As  the  result  of  an  acute  attack  of  in- 
flammation nc  t tnaing  in  resolution,  or  from  repeated  attacks  of  catarrhal 
inflammation,  tne  sac  becomes  filled  with  a purulent  collection  (Fig.  1, 
Plate  VIiT).  The  cause  of  most  cases  can  be  found  to  be  a stricture  of 
the  naso-lacrimal  duct.  Suppurative  dacryocystitis  appears  in  two  forms: 
the  acute  and  the  chronic. 

acute  Suppurative  Inflammation  of  the  Sac  begins  often  with 
a chill.  There  is  pain  at  the  inner  canthus.  In  the  region  of  the  sac 
a hard,  brawny  swelling  appears,  which  closes  the  eyelids  and  often  is 
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so  extensive  as  to  resemble  orbital  cellulitis.  The  greatest  redness,  how- 
ever, is  found  in  the  inner  extremity  of  the  swelling.  The  pain,  caused 
by  distension  of  the  sac,  is  severe.  After  several  days  the  swelling  be- 
comes softer  and  diminishes  in  size.  The  inflammatory  symptoms  may 
gradually  subside  and  may  leave  a chronic  suppurative  inflammation;  or, 
as  often  happens,  the  abscess  bursts  through  the  sac  and  skin,  thus  form- 
ing a fistula  (Fig.  2,  Plate  VIII).  Repeated  attacks  of  acute  inflamma- 
tion occur  until  after  the  stricture  has  been  opened  and  treated. 

Treatment. — In  the  beginning  of  an  attack  of  acute  inflammation  of 
the  sac  the  use  of  cool  compresses  will  be  beneficial.  A saline  cathartic 
should  be  given  and  the  patient  should  be  placed  in  bed.  After  the  hard, 
brawny  swelling  has  appeared,  hot  applications  are  preferable.  Often  the 
pain  is  so  severe  that  anodynes  are  necessary.  When  the  swelling  begins 
to  fluctuate,  under  an  anesthetic  the  surgeon  should  slit  the  upper 
canaliculus  and  pass  a series  of  probes  through  the  stricture,  dilating  it 
ad  maximum.  The  after-treatment  consists  in  daily  irrigation  with  an 
antiseptic  solution  (pyoktanin,  1 to  500;  creolin,  1 to  20;  silver  nitrate, 
1 to  300)  and  probing  until  the  discharge  begins  to  lessen,  after  which 
the  probing  can  be  repeated  at  intervals  of  two  or  three  days  until  re- 
covery takes  place.  In  these  cases  it  will  be  necessary  to  use  the  largest 
probes  the  canal  will  accept.  As  regards  irrigation,  astringents  of  many 
kinds  have  been  tried.  The  hot-water  treatment,  combined  with  prob- 
ing,  is  probably  as  efficient  as  any  method. 

Chronic  Suppurative  Inflammation  of  the  Sac  causes  epiphciu 
and  often  produces  an  obstinate  conjunctivitis.  Pressure  on  the  sfc  leaiN 
to  a discharge  of  pus  through  the  canaliculi.  This  disease  is  caused 
usually  by  stricture  of  the  nasal  duct.  The  proper  treatment  ^ xo  dilate 
the  stricture  and  use  irrigation. 

Obstruction  and  Stricture  of  the  Lacrimo-nasal  Duct.--ir  is  necessary 
to  differentiate  between  obstruction  and  stricture.  In  Ue  former,  there 
is  swelling  and  hypertrophy  of  the  lining  membrcn » jx  the  duct,  caused 
generally  by  the  upward  extension  of  the  nasal  disease  (a  swollen  fold 
of  the  sac  obstructing  the  lumen),  or  by  the  lolgment  of  a foreign  body 
from  above,  or  by  eyestrain.  Extension  f.’om  below  is  common  in  ex- 
anthematous diseases,  because  of  the  accompanying  inflammation  of  the 
naso-pharyngeal  mucous  membrane.  It  is  also  found  in  nasal  polypi, 
and  in  hypertrophy  of  the  inferior  ur  hnated  body.  In  these  cases  the 
change  is  limited  to  the  lining  .lembrane  of  the  duct.  The  lodgment 
of  cilia  and  other  foreign  bodies  probably  more  common  than  has  been 
supposed.  True  anatomic  stricture  is  rare.  Its  causes  are  predisposing 
and  exciting.  Among  th^  former  must  be  classed  the  various  malforma- 
tions of  the  duct;  ard  among  the  latter  suppurative  inflammation  of 
the  sac,  the  production  of  false  passages  by  unskillful  attempts  at  prob- 
ing, and  the  use  of  caustics.  True  stricture  is  occasionally  due  to  an 
exostosis  within  :he  duct,  the  growth  of  a neoplasm  situated  within  the 
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nose  or  springing  from  the  lining  membrane  of  the  antrum  of  Highmore, 
or  the  fracture  of  bones  forming  the  duct.  The  cicatrization  of  a syph- 
ilitic or  tuberculous  ulcer,  and  the  contraction  attending  atrophic  rhinitis, 
are  also  causes  of  true  stricture.  In  a few  instances  the  whole  lining 
membrane  of  the  duct  is  converted  into  a fibrous  cord. 

Symptoms. — The  symptoms  of  obstruction  and  stricture  are  often 
masked.  Epiphora  may  be  the  only  external  sign  of  disease.  The  pres- 
ence of  mucocele  or  of  blennorrhea  of  the  sac  generally  indicates  stricture, 
but  may  be  due  to  simple  obstruction. 

Diagnosis. — In  making  a diagnosis  between  simple  obstruction  and 
true  stricture  it  will  be  necessary  to  employ  the  lacrimal  syringe  and 
probe  and  to  take  into  consideration  the  condition  of  the  nose.  The 
surgeon  should  inject  a few  drops  of  a colored  solution  into  the  lower 
canaliculus,  while  the  upper  one  is  compressed.  If  the  fluid  passes  into  the 
nose,  the  duct  is  open.  If  it  returns,  there  is  either  obstruction  or  true 
stricture.  The  diagnosis  between  these  will  require  the  passage  of  a probe 
through  the  rapidly  dilated  canaliculus.  After  enlarging  the  canaliculus, 
preferably  the  upper  one,  and  passing  the  probe  well  into  the  sac,  he 
syringe  should  be  used  again.  If  the  solution  now  passes  into  the  nose, 
the  conclusion  is  that  the  obstruction  has  been  overcome  and  th : deeper 
use  of  probes  will  not  be  necessary.  If  the  passage  is  not  fr^t,  Lhe  probe 
must  be  used  in  the  duct  proper,  and  the  obstruction  or  stJcvore  located. 
The  injection  of  a solution  of  the  extract  of  the  supri're  lal  gland  into 
the  duct  will  cause  an  obstruction  to  disappear,  vh^e  having  little  or 
no  effect  on  true  stricture. 

Prognosis.— The  prognosis  of  chronic  affecu^Ls  of  the  duct  must  be 
guarded.  Many  of  these  cases  will  improve  while  under  treatment,  but  will 
relapse. 

Treatment. — In  all  cases  of  obstruction  to  the  passage  of  tears  it 
will  be  advisable  to  begin  with  the  examination  and  treatment  of  the  nasal 
mucous  membrane.  The  use  of  cocain  or  suprarenal  extract  will  over- 
come swelling  and  enable  the  surgeon  to  inspect  the  condition  of  the  in- 
ferior turbinated  body  ard  adjacent  parts.  Polypi  should  be  removed; 
hypertrophies  should  be  treited  with  the  galvanocautery ; and  atrophic 
rhinitis  will  call  for  Sequent  cleansing  of  the  passages.  Simple  rhinitis 
will  improve  under  ir»p  use  of  Dobell’s  solution  and  the  application  of  a 
spray  of  menthol  in  albolene.  Adenoids  should  be  removed  and  the  con- 
dition of  the  vhele  naso-pharyngeal  tract  must  be  improved. 

Aftei  this  has  been  done  the  sac  and  duct  should  be  washed  out  daily 
with  hot  boric-acid  solution.  Errors  of  refraction  should  be  corrected 
and  the  general  condition  of  the  patient  should  be  looked  after. 

lTn<\er  this  conservative  treatment  many  cases  will  either  result  in 
r cure  or  their  condition  will  be  so  much  relieved  that  more  radical  treat- 
ment will  not  be  required.  There  will  remain,  however,  a certain  per- 
centage of  cases  in  which,  in  addition  to  the  daily  washing  of  the  duct, 


DISEASES  OF  THE  LACRIMAL  APPARATUS. 


229 


it  will  be  necessary  to  pass  probes  at  intervals  of  three  or  four  days.  The 
probing  should  be  done  through  the  dilated  and  uncut  canaliculus.  By 
patience,  the  surgeon  will  generally  succeed  in  passing  the  probe  without 
cutting  the  canaliculus.  If  there  are  cicatricial  bands,  it  will  be  safer 
to  cut  them  with  a curved  canaliculus  knife  (passed  through  the  dilated 
canaliculus)  than  to  risk  the  formation  of  a false  passage  by  the  use  of  the 
probe. 

Immediately  after  cutting  the  resisting  bands  the  probe  is  to  be  passed. 
When  the  obstruction  is  located  at  the  junction  of  the  sac  and  duct,  or 
is  in  any  part  of  the  upper  half  of  the  duct,  the  probe  of  Snellen  (Fig. 
197)  is  preferred.  This  instrument  has  a bulbous  tip  and  is  made  on 
the  principle  of  the  wedge,  thus  giving  the  greatest  dilation  at  the  place 
where  contraction  is  often  found,  viz.:  the  junction  of  the  sac  and  duct. 
The  probe  should  remain  in  position  for  ten  minutes,  when  it  is  to  be 
withdrawn  and  the  duct  is  to  be  washed  with  boric-acid  solution.  The 
manipulation  necessary  to  cut  the  fibrous  bands,  without  cutting  the 
canaliculus,  will  be  explained  in  the  latter  part  of  this  chapter. 

In  case  a true  stricture  exists,  the  treatment  mentioned  above  will 
show  its  site  and  resistance.  If  an  exostosis  is  found  in  the  lower  part 
of  the  duct,  an  attempt  should  be  made  to  tap  the  middle  nasal  meatus, 
as  is  explained  under  lacrimal  operations.  Such  a condition,  however,  is 
rare,  and  generally  treatment  gives  poor  results.  In  ordinary  cases  of 
stricture  some  force  is  required  to  pass  the  probe,  but  it  must  be  intelligent 
force;  and  no  surgeon  should  operate  on  the  living  who  has  not  repeatedly 
practiced  on  the  dead.  It  may  happen  that  the  stricture  is  located  at 
the  lower  end  of  the  duct;  if  so,  the  use  of  (Theobald's)  long  j -obes  will 
be  necessary,  and  the  canaliculus  should  first  be  cut.  Whenever  cutting 
of  the  canaliculus  is  required,  it  will  be  best  to  incise  it  in  only  part  of 
its  extent.  Often  a cut  one-sixth  of  an  inch  in  length  vii.'  suffice.  Such 
a short  incision,  while  permitting  the  use  of  the  prcbt,  will  not  entirely 
destroy  the  function  of  the  canal. 

Cases  occur  in  which,  although  probing  ar.u  hrigation  are  easily  ac- 
complished, troublesome  epiphora  persists.  Ir  Inis  event  search  should 
be  made  for  pathologic  conditions  within  the  nose,  causing  a valve-like 
fold  of  mucous  membrane  to  occlude  th  * duct. 

In  the  treatment  of  lacrimal  stricture  by  probes  only  the  metal  in- 
struments are  now  used.  The  method  of  Gensoul,  who  passed  the  probes 
from  the  nasal  end  of  the  duct,  is  not  now  in  use.  It  is  possible,  however, 
to  probe  the  lower  half  of  the  Canal  by  this  method,  and  cases  may  be  seen 
in  which  this  procedure  will  be  of  value.  In  operating  from  above,  it 
may  happen  that  the  Surgeon  will  be  in  doubt  whether  the  probe  has 
passed  into  the  nascl  fos>a.  In  such  an  event,  the  nasal  speculum  should 
be  introduced,  the  par. 3 should  be  illuminated,  and  another  probe  should  be 
passed  between  t inferior  turbinated  bone  and  the  outer  nasal  wall  until 
it  touches  the  instrument  in  the  lacrimal  duct. 
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In  cases  of  true  stricture  which  do  not  yield  to  the  plan  of  treatment 
here  outlined,  the  surgeon  can  resort  to  one  of  five  procedures:  1.  The 
canaliculus  can  he  slit  in  its  entire  length  and  probes  of  large  calibre  used. 

2.  A style  can  be  introduced  and  worn  for  several  months,  with  the  ex- 
pectation of  producing  absorption  of  the  stricture  walls.  3.  The  surgeon 
can  excise  the  walls  of  the  stricture  by  chiseling  away  the  anterior  osseous 
wall,  after  which  a flexible  catheter  can  be  left  in  the  duct  until  cicatriza- 
tion is  complete.  4.  The  stricture  may  be  treated  by  electrolysis.  5. 
The  lacrimal  sac  and  gland  can  be  excised. 

1.  Although  the  first  method  has  the  sanction  of  some  eminent  names, 
it  is  not  to  be  looked  on  with  favor.  The  forcing  of  large  probes  through 
the  lacrimo-nasal  duct  often  gives  immediate  improvement,  which,  after 
a few  months,  is  followed  by  the  formation  of  a stricture  at  the  point 
where  the  canaliculus  joins  the  duct;  or  the  lining  membrane  of  the  duct 
may  be  converted  into  a firm  cord  of  fibrous  tissue,  extending  from  the 
sac  to  the  nasal  chamber.  This  unfortunate  result  frequently  occurs. 
If  the  canal  remains  open,  the  patient  finds  that,  whenever  he  blows  his 
nose,  air  and  mucus  are  forced  upward  into  the  conjunctiva,  and  thus  t \e 
eye  is  exposed  to  infection  from  this  source. 

2.  The  introduction  and  wearing  of  a style  is  a very  old  xueffiod  of 
treatment  and  sometimes  is  an  efficient  one.  Numerous  substances  have 
been  used  for  this  purpose.  Probably  a piece  of  large  snver  wire  is  as 
good  as  any.  Hollow  styles  are  also  in  use.  An  important  point  is  to 
provide  the  style  with  a flange  which  shall  be  lou6  enough  to  prevent  the 
instrument  slipping  down  into  the  duct.  If  ;his  accident  occurs,  and 
efforts  at  removal  are  unsuccessful,  a silver  styL  can  be  destroyed  by  the  cor- 
roding effect  of  weak  solutions  of  iodin  inj  ^ct  id  repeatedly  into  the  duct. 
The  style  can  be  removed  from  time  tc  time  and  the  duct  examined  to 
determine  whether  its  lumen  is  inci  oaring.  Generally  a style  must  be 
worn  for  several  months.  Weidlcr  has  recorded  a case  in  which  orbital 
cellulitis  followed  slitting  of  the  canaliculus  and  the  use  of  a leaden  style. 

3.  Excision  of  the  walls  ct  the  stricture,  particularly  when  the  ob- 
struction is  osseous,  is  s metnod  of  treatment  which  has  occurred  to  the 
author  as  having  a possible  value  in  a few  rare  cases  which  do  not  yield 
to  less  heroic  methocc.  After  removal  of  all  offending  tissue,  the  opera- 
tion having  been  made  under  aseptic  precautions,  it  will  be  advisable  to 
place  a style  ov  poosibly  a piece  of  rubber  catheter  in  the  duct,  removing 
and  reintroducing  it  from  time  to  time,  until  cicatrization  is  complete. 

4.  Electrolysis,  as  a method  of  treatment  of  stricture  of  the  lacrimal 
passages,  was  originally  proposed  and  used  by  Tripier  and  Desmarres 
almai,  tn’rty  years  ago.  The  latter  pronounced  against  the  method,  which 
was  afterward  tried  by  many  ophthalmologists  and  abandoned  by  most 
ol  them.  Recently  Lagrange,  Chabaneix,  and  Fournier  have  made  a com- 
plete study  of  the  subject.  They  regard  this  form  of  treatment  as  valu- 
able. Lagrange  believes  that  electrolysis  will  effect  a cure  of  lacrimal 
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stricture  rapidly,  harmlessly,  and  painlessly.  That  part  of  the  probe  lying 
in  the  canaliculus  must  be  insulated ; otherwise  this  portion  of  the  excretory 
apparatus  will  receive  the  full  force  of  the  electrolytic  action,  and  oblitera- 
tion of  the  canaliculus  will  result.  The  current  must  be  a weak  one,  in- 
sufficient to  produce  a caustic  effect  on  the  mucous  lining  of  the  nasal 
duct.  The  technique  of  the  procedure  will  be  discussed  in  the  latter  part 
of  this  chapter.  Mial  has  recently  pronounced  in  favor  of  electrolysis, 
which,  he  says,  opens  the  lacrimal  passages  “speedily,  painlessly,  and  with- 
out hemorrhage,  and,  furthermore,  is  antiseptic  in  its  action.” 

5.  Excision  of  the  sac  and  gland  can  be  practiced,  as  will  be  explained 
in  the  latter  part  of  this  chapter. 

Fistula  of  the  Lacrimal  Sac,  which  has  rarely  been  seen  as  a congenital 
condition,  generally  follows  the  breaking  of  an  abscess,  which  opens  below 
the  tendo  oculi  (Fig.  2,  Plate  VIII).  The  fistula  may  open  directly  into 
the  sac  or  may  run  a tortuous  course.  The  edges  of  the  opening  are  often 
hard,  thickened,  and  ulcerated,  and  present  exuberant  granulations,  and  a 
discharge  of  tears  and  muco-pus.  In  some  cases  caries  of  the  bone  is  present. 
The  presence  of  a fistula  in  this  location  points  to  the  existence  of  a stric- 
ture, which  must  be  treated.  Fistula  is  artificially  produced  when  the  sur- 
geon incises  the  anterior  wall  of  the  sac  to  evacuate  pus  in  suppurative 
dacryocystitis.  In  treating  fistula  it  will  be  necessary  to  slit  the  canaliculus 
and  pass  the  probes  through  the  stricture.  This  treatment,  combined 
with  antiseptic  injections,  will  cure  nearly  all  cases.  If,  after  the  patency 
of  the  duct  has  been  restored,  the  fistula  refuses  to  close,  a red-hot  v n 
can  be  passed  into  it.  The  closure  of  the  fistula  is  not  to  be  attempted 
until  after  the  stricture  of  the  nasal  duct  has  been  removed  In  these 
cases  the  presence  of  the  fistulous  tract  is  a safeguard  agahist  another 
attack  of  acute  dacryocystitis. 


LACRIMAL  OPERATION?. 

I.  Operations  on  the  Lacrimal  Gland  are  dribble  into  (1)  those  on  the 
orbital  lacrimal  gland,  and  (2)  operations  on  t tie  palpebral  gland. 

1.  Extirpation  of  the  Orbital  Portico  is  indicated  both  in  health 
and  in  disease.  According  to  C.  R.  HoLnet , the  normal  gland  and  diseased 
sac  are  to  be  removed: — 

1.  In  troublesome  and  othmvse  incurable  epiphora. 

2.  In  cases  where  operations  involving  the  opening  of  the  globe  must  be 
performed  and  there  is  not  sufficient  time  to  apply  other  treatment. 

3.  In  patients  who  leek  the  time  for,  or  are  unable  to  endure,  probing. 

The  diseased  glana  should  be  removed: — 

1.  In  adenoma  which  does  not  respond  to  other  treatment. 

2.  In  adei  osarcoma  and  carcinoma. 
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Technique. — The  field  of  operation  having  been  shaved  and  made 
surgically  clean,  under  general  anesthesia  a curved  incision,  four  centi- 
metres in  length,  is  made  along  the  base  of  the  orbit  over  the  site  of  the 
gland.  For  cosmetic  reasons  the  cut  should  be  made  in  the  field  of  the 
eyebrow.  The  lower  end  of  the  incision  should  reach’  to  the  insertion 
of  the  outer  canthal  ligament.  The  tissues  are  separated  down  to  the 
bone,  the  wound  being  opened  by  retractors.  The  connective  tissue  is 
incised  over  the  gland,  which  is  brought  forward  by  forceps  and  shelled 
out  of  its  bed.  In  operating  upon  a diseased  gland  the  surgeon  should 
be  certain  to  remove  all  indurated,  swollen,  and  diseased  tissue.  The 
lips  of  the  wound  are  sutured  and  a dry  gauze  dressing  and  bandage  are 
applied.  Healing  is  uneventful. 


Fig.  194. — Probes  passed  into  the  canaliculi  to  show  their  direction. 

(Author.; 

(Original  drawir^  >j  Lit t.  A.  W.  Mills.) 

2.  Excision  of  the  PALi^bRAL  Gland  is  indicated  in  troublesome 
epiphora,  not  curable  by  othex  means,  and  in  neoplasms.  A local  anes- 
thetic is  used.  The  surgeon  seizes  the  everted  upper  lid,  draws  it  upward 
and  away  from  the  globe,  and  makes  an  incision  through  the  conjunctiva. 
The  gland  is  held  ^:th  forceps  and  excised.  Owing  to  the  glandular 
character  of  the  mass,  removal  of  all  parts  of  it  is  difficult.  The  wound 
need  not  be  Hitched.  This  operation  cuts  the  efferent  ducts  of  the  orbital 
lacrimal  glanrt. 

Obi  iteration  of  the  Excretory  Ducts  by  the  galvanocautery  is 
practiced  by  Bettremieux.  Eepeated  cauterizations  are  necessary. 

The  Effect  of  These  Operations  is  to  diminish  epiphora  when  the  nor- 
ma1 tissues  are  removed,  and  to  remove  deformity  and  exophthalmos  when 
;he  diseased  orbital  gland  is  excised.  Except  in  the  presence  of  atrophy, 
the  conjunctiva  does  not  become  dry  as  a result  of  these  procedures,  for 
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the  reason  that  a sufficient  amount  of  lacrimal  fluid  is  secreted  by  the 
accessory  gland s,  which  are  scattered  through  the  lids. 

II.  Operations  on  the  Excretory  Apparatus. — These  are  the  follow- 
ing:— 

1.  Opening  of  a closed  punctum.  6.  Opening  of  naso-lacrimal  stricture. 

2.  Syringing  of  the  excretory  apparatus.  7.  Opening  of  an  obliterated  nasal  canal. 

3.  Dilation  of  the  canaliculus.  8.  Insertion  of  a lacrimal  style. 

4.  Cutting  of  the  canaliculus.  9.  Obliteration  of  part  of  the  apparatus. 

5.  Excision  of  the  lacrimal  sac.  10.  Electrolytic  treatment  of  stricture. 

11.  Incision  of  the  anterior  wall  of  the  lacrimal  sac. 

1.  The  Punctum  can  be  Opened  by  drawing  the  lid  outward  from 
the  globe  and  steadying  it  by  traction  made  toward  the  outer  canthus.  Then 
a needle  or  conical  probe  is  passed  perpendicularly  to  the  lid-margin 
for  one  millimetre ; it  is  then  turned  to  a horizontal  direction,  and  passed 


Fig.  195. — Lacrimal  syringe.  (McFarlan.) 


into  the  canaliculus.  The  natural  direction  of  the  canals  is  shown  in 
Fig.  194.  This  procedure  is  necessary  as  a preliminary  step  to  synuging  the 
duct  and  to  the  passage  of  the  probes  without  slitting  the  canaliculus. 

2.  Syringing  the  Excretory  Apparatus  is  accomplished  by  pass- 
ing the  tip  of  Anel’s,  Meyer’s,  or  McFarlan’s  instrument  l.'to  the  punctum 
and  canaliculus.  The  fluid  is  then  discharged  cn  I the  effect  is  noted. 
If  the  fluid  returns,  it  is  evidence  of  a stricture  in  some  part  of  the  ex- 
cretory apparatus.  If  the  fluid  passes  into  the  nose,  the  canals  are  per- 
vious. If  the  fluid  passes  downward  into  the  naso-lacrimal  duct,  care 
should  be  taken  not  to  tear  the  lining  membrane.  Syringing  is  valuable 
(1)  as  a diagnostic  measure  and  (2)  for  therapeutic  reasons.  In  the  latter 
instance  lavage  of  the  duct  is  of  great  value  in  the  treatment  of  chronic 
purulent  inflammation.  The  apparatus  required  consists  of  a reservoir,  a 
rubber  tube,  and  a probe-poiuiea  cannula. 

3.  Dilation  of  the  Canaliculus  is  necessary  whenever  the  surgeon 
wishes  to  pass  a probe  im^  the  duct  without  cutting  the  canaliculus.  The 
latter  operation  is  resold  to  in  many  cases  where  the  former  would 
suffice.  The  canahcclus  can  be  dilated  easily  by  passing  probes  of  in- 
creasing size.  Often  an  annoying  epiphora  will  disappear  after  this  little 
operation. 
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4.  Cutting  of  the  Canaliculus  is  necessary  in  the  removal  of  for- 
eign bodies,  fungous  growths,  or  calcareous  masses;  in  eversions  of  the 
punctum  causing  epiphora;  as  preparatory  to  syringing  the  deeper  parts 
of  the  excretory  apparatus;  and  in  case  the  passage  of  large  probes  is  re- 
quired. It  is  indicated  in  cases  where  the  discharge  from  the  sac  is  dis- 
tinctly purulent,  where  the  parts  around  the  sac  are  red  and  tender,  and 
where  an  abscess  or  fistula  exists. 

The  operation  requires  the  probe-pointed  canaliculus  knife  of  Weber 
or  that  of  Stilling.  The  surgeon,  standing  behind  the  patient  and  sup- 


Fig.  196. — Excision  ol  the  lacrimal  sac.  (Meller. ) 

The  lips  of  the  wound  are  hU.il  apart  by  Muller’s  speculum;  w,  muscle-fibres; 
f.p.,  deep  fascia;  l.c.,  tran.vers',  fibres  of  the  inner  canthal  ligament;  cr.a.,  anterior 
lacrimal  crest. 

porting  his  head,  passes  the  beak  of  the  knife  into  the  punctum.  The 
lid  is  stretched  and  steadied  by  traction  made  on  the  outer  canthus.  The 
knife,  with  edge  turned  slightly  toward  the  globe,  is  then  pushed  into  the 
canalicules  and  is  made  to  pass  from  the  horizontal  to  the  vertical  position. 
This  movement  cuts  the  wall  of  the  canal.  There  is  slight  bleeding,  and 
no  dressmg  is  necessary.  The  wound  must  be  kept  open  by  daily  prob- 
ing, as  otherwise  it  will  heal. 

5.  Excision  of  the  Lacrimal  Sac  has  been  done  for  these  condi- 
tions: chronic  dacryocystoblennorrhea,  chronic  stricture  with  discharge, 
occlusion  of  the  nasal  canal,  chronic  lacrimal  fistula,  and  large  mucocele. 
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In  addition  to  these,  removal  of  the  sae  may  be  advisable  where,  in  chronic 
inflammation,  the  patient’s  circumstances  do  not  permit  the  long  course 
of  treatment  needed  to  effect  a cure,  and  in  cases  in  which  an  operation 
requiring  the  opening  of  the  eyeball  is  imperative.  Excision  of  the  sac 
should  not  be  undertaken  lightly. 

Technique. — The  field  of  operation  and  adjacent  parts  having  been 
made  surgically  clean,  the  nasal  cavity  is  plugged  with  gauze  to  prevent 
the  flow  of  blood  into  the  pharynx.  The  sac,  duct,  and  nose  should  have 
been  previously  irrigated.  A thick  solution  of  starch,  colored  with  iodin, 
is  injected  into  the  sac  to  render  its  outlines  clear  (C.  E.  Holmes).  In 
order  to  prevent  infection,  some  operators  obliterate  the  canaliculi  by  the 
galvanic  cautery.  This  procedure  also  prevents  the  establishment  of  a 
fistula.  An  incision  is  made,  beginning  at  a point  just  below  the  lower 
border  of  the  middle  of  the  tendo  oculi  and  extending  one  inch  downward 
and  outward.  There  is  likely  to  be  free  hemorrhage  in  tliis  operation  and 
it  will  be  necessary  to  clamp  several  small  arteries.  The  skin  is  now  dis- 
sected carefully  from  the  sac,  which,  if  possible,  is  to  be  excised  unopened. 


Fig.  197. — Lacrimal  probe.  (Snellen.) 


The  lips  of  the  wound  are  held  apart  by  a Muller  speculum.  The  sac  is  then 
separated  from  its  periosteal  bed.  A curved  hook  is  passed  beneath  the 
sac,  which  is  detached  in  the  nasal  duct  as  far  down  as  possible.  The  sac 
is  then  seized  with  strong  forceps  and  is  forcibly  drawn  downward  and 
outward.  The  operator  then  excises  the  top  of  the  sac.  The  canaliculi  are 
to  be  cut  as  close  to  the  fascia  as  possible.  Curettement  of  tlio  cavity  which 
contained  the  sac  is  not  necessary  if  the  diseased  tissue  h.'s  been  properly 
excised.  The  nasal  duct  is  then  freely  opened  by  pr<  bmg  and  its  walls 
are  curetted.  If  any  part  of  the  sac  remains,  the  suppuration  will  return. 
Great  care  is  necessary  to  prevent  inundation  01  the  wound  and  globe  with 
the  contents  of  the  sac.  Such,  material  is  highly  infective,  and,  in  the 
presence  of  a corneal  wound  or  ulcer  may  cause  disastrous  inflammation. 
The  wound  is  to  be  closed  with  catgrd  sutures.  A compress  bandage  with 
heavy  tampons  is  applied  over  the  operated  area. 

6.  Cathetekism  ( Probing  ) of  the  Nasal  Duct  is  necessary  in 
stricture.  It  is  a painful  operation  and  one  that  requires  great  skill.  It 
is  perhaps  necessary  to  say  Lhat  the  beginner  should  practice  passing 
probes  on  the  cadaver  before  employing  them  on  the  living.  The  usual 
direction  of  the  nrsal  duct  is  downward,  backward,  and  outward,  but  the 
variations  are  mai  y.  The  choice  of  a probe  is  important.  The  old  Bow- 
man instrument  should  never  be  used.  Only  those  probes  bearing  an 
olive-shaped  t p are  to  be  employed.  Of  these  the  author  prefers  that 
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of  Snellen  (Fig.  197).  It  combines  the  proper  tip  with  the  wedge  shape, 
and  thus  possesses  two  advantages:  the  tip  cannot  well  make  a false 
passage,  and  the  greatest  dilation  is  at  the  junction  of  the  sac  and  duct 
— a point  where  stricture  is  often  located.  After  using  Snellen^s  probes 
a few  times,  the  instruments  of  Theobald  can  be  employed.  Their  chief 
advantages  lie  in  their  length  and  in  the  gradual  increase  in  size.  The 
author  believes  in  the  use  of  the  largest  probes  compatible  with  the  in- 
tegrity of  the  tissues,  but  he  does  not  believe  in  the  forcing  of  large  probes 
into  the  duct. 

Technique. — The  canaliculus  having  been  widely  dilated  or  cut,  and 
the  sac  emptied  by  pressure,  the  surgeon,  standing  behind  the  patient, 
passes  the  probe  horizontally  into  the  canaliculus  until  the  lacrimal  bone 
is  felt.  The  probe  is  then  to  be  withdrawn  one  millimetre  and  placed  ver- 
tically; then  it  is  passed  downward  into  the  duct.  Gentle  pressure  is 
used,  and,  if  an  obstruction  is  met,  the  probe  is  withdrawn,  its  curve  is 
altered,  and  another  attempt  is  made  to  pass  it.  At  the  lower  end  of 
the  duct  an  obstruction  is  often  felt,  which  means  that  the  probe  is  im- 
pinging on  the  osseous  wall  of  the  canal.  In  such  a case  the  probe  is  , o 
be  withdrawn  slightly,  and  its  direction  slightly  changed.  Fp  io  this 
point  the  concavity  of  the  probe  has  faced  outward,  but  to  pass  it  into 
the  nasal  meatus  it  will  be  necessary  to  turn  it  until  the  concavity  faces 
directly  forward,  or  even  forward  and  toward  the  opposite  side.  The  com- 
plete passage  of  the  probe  will  be  evidenced  by  the  removal  of  the  im- 
pediment and  by  the  fact  that  it  passes  from  five  to  ton  millimetres  farther. 
The  patient  will  complain  of  pain  when  the  tip  of  the  instrument  strikes 
the  lining  membrane  of  the  floor  of  the  nasal  meatus. 

Many  impediments  may  be  met.  The  most  frequent  one  arises  from 
the  point  of  the  probe  becoming  entangled  :n  a fold  of  mucous  membrane  of 
the  sac  at  the  time  the  instrument  moved  from  the  horizontal  to  the 
vertical  position.  To  use  force  under  such  circumstances  is  to  cause  a 
false  passage.  When  such  resistance  is  met,  the  probe  should  be  with- 
drawn to  a slight  extent  and  another  attempt  should  be  made  to  enter 
it.  The  tearing  of  the  lining  membrane  of  the  duct  is  not  such  a trifling 
accident  as  might  be  supposed,  since  it  not  only  may  cause  irremediable 
stricture,  but  it  opum  Li  e door  to  infection  and  in  rare  cases  has  caused 
phlegmonous  inflammation,  orbital  cellulitis,  loss  of  vision  from  optic- 
nerve  atrophv,  and  even  meningitis.  The  probe  may  slide  readily  over 
the  first  obstruction,  but  its  point  impinges  on  the  lateral  wall  of  the 
duct.  In  such  a case  the  curve  of  the  instrument  must  be  changed  or  its 
direction  altered.  If,  after  two  or  three  attempts,  it  fails  to  pass,  the 
best  procedure  is  not  to  continue  farther  at  this  sitting,  but  to  dilate  ad 
maxi,,  urn  the  part  of  the* duct  which  has  been  opened.  This  is  done  by 
raj  idly  increasing  the  size  of  the  probe,  which  is  to  be  left  in  situ  for 
>om  fifteen  to  thirty  minutes.  A few  days  later  an  attempt  can  be  made 
to  finish  the  work. 
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A method  of  treating  lacrimal  stricture  which  aims  to  preserve  the 
canaliculus  intact  has  been  devised  by  Caldwell,  who,  after  passing  a small 
probe  through  the  upper  canaliculus,  stretches  the  skin  at  the  outer 
canthus  so  as  to  render  the  point  of  the  probe  prominent.  The  surgeon 
then  cuts  down  upon  the  probe  and  into  tbe  sac.  A suture  is  then  taken 
from  the  inner  lip  of  the  wound,  including  the  sac,  and  left  long  for  future 
use.  Through  this  incision  probes  can  be  passed,  the  duct  can  be  irrigated, 
and  the  site  of  the  stricture  is  immediately  located.  When  found,  the 
stricture  is  cut  with  the  probe-pointed  canaliculus  knife.  Then  the  dila- 
tion is  continued  up  to  a No.  12  probe,  if  the  duct  will  admit  it.  Closure 
of  the  wound  in  the  sac  can  be  prevented  by  the  introduction  of  a piece 
of  rubber  drainage  tube,  until  such  time  as  the  obstruction  in  the  duct 
has  been  overcome.  Then  the  lips  of  the  wound  are  fastened  and  united 
with  catgut  sutures.  Caldwell’s  probe  (Fig.  198)  consists  of  a staff,  11 
centimetres  long,  with  a bullet-shaped  tip,  1 centimetre  long,  on  each 
end.  The  tips  are  graded  in  size,  each  unit  representing  2.5  millimetres 
of  diameter. 


7.  Opening  ax  Obliterated  Nasal  Caxal  can  be  attempted  in 
those  cases  in  which  a bony  stricture  exists,  due  to  exostosis,  fracture, 
or  caries.  It  is  also  indicated  in  those  firm,  fibrous  strictures  which  h ive 
resisted  ordinary  methods  of  treatment.  In  two  cases  of  bony  closure, 
operated  on  by  Caldwell,  the  nasal  duct  was  successfully  tapped  in  the 
middle  nasal  meatus,  by  means  of  an  electric  burr,  after  passing  the  probe 
into  the  duct  as  far  as  the  site  of  the  stricture.  The  operation  requires 
careful  measurements  and  exact  anatomic  knowledge.  If  this  procedure 
fails,  the  surgeon  can  obliterate  or  excise  the  sac  and  remove  the  lacrimal 
gland;  or  the  excision  of  tbe  stricture  can  be  s ctempted.  The  latter  will 
require  general  anesthesia,  and  a scar  will  be  leti  on  the  face.  The  space 
beneath  the  inferior  turbinated  bone,  and  that  between  the  middle  and 
inferior  turbinated,  is  to  be  packed  with  absorbent  cotton  or  gauze,  to 
prevent  the  flow  of  blood  into  the  pharynx.  After  passing  a probe  down 
to  the  point  of  stricture,  the  surgeon  incises  the  soft  parts,  turns  them 
back,  separates  the  periosteum  from  the  bone  overlying  the  stricture,  and 
then  chisels  away  the  osseous  wall.  The  exostosis  is  removed,  and  a 
small  style  is  passed  through  the  naso-laerimal  duct  to  a point  below  the 
site  of  the  stricture.  The  soft  parts  are  then  united  by  fine  catgut  sutures. 

8.  Insertion  < * the  Lacrimal  Style. — The  style  is  of  use  chiefly 
in  those  patients  who  live  far  from  a surgeon  or  who  can  return  for 
treatment  only  at  long  intervals.  Gold,  silver,  lead,  platinum,  and  rubber 
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are  among  the  materials  most  frequently  used.  An  excellent  style  is  one 
made  of  Xo.  25  platinum  wire.  The  tubular  styles  are  useless,  becoming 
clogged  with  dust  and  mucus.  Guiata  employs  the  decalcified  bone  of 
a turtle’s  thigh  as  a style,  and  reports  many  cases  cured.  Whatever  the 
material  used,  the  style  is  to  be  provided  with  an  elbow  sufficiently  long 
to  prevent  the  instrument  from  slipping  into  the  duct.  The  lower  cana- 
liculus having  been  cut  and  the  duct  having  been  dilated  by  probes,  the 
style  is  given  the  same  curve  as  that  of  the  probe,  and  is  introduced. 
When  properly  inserted,  the  instrument  cannot  be  seen.  Slight  discom- 
fort is  caused  for  a few  hours  by  its  presence,  but  soon  the  patient  ceases 
to  note  this.  It  should  be  removed  monthly  and  the  surgeon  should 
observe  the  effect  produced.  Absorption  of  the  stricture  walls  generally  is 
complete  in  three  or  four  months.  The  instrument  can  then  be  discarded. 
In  many  cases,  however,  the  epiphora  returns. 

9.  Obliteration  of  Part  of  the  Lacrimal  Apparatus. — The 
puncta  and  canaliculi  may  be  obliterated  by  the  use  of  a galvanocautery 
or  by  a ligature.  The  operation  is  performed  for  the  purpose  of  preventing 
secretion  from  an  inflamed  lacrimal  sac  reaching  the  globe  and  thus 
possibly  causing  infection  in  accidental  injuries  of  the  cornea  and  *n 
operations  requiring  opening  of  the  globe.  Obliteration  of  anv  part  of 
the  lacrimal  apparatus  is  best  done  by  means  of  the  galvanocautery. 

10.  Electrolytic  Treatment  of  Stricture. — In  the  use  of  elec- 
trolysis Lagrange  employs  from  2 to  4 milliamperes  for  two  or  three 
minutes,  the  seances  being  repeated  every  third  or  fourth  day.  A rheostat 
is  used  to  prevent  too  high  a degree  of  electrolytic  action.  The  sound 
is  to  be  insulated  for  a short  distance,  corresponding  to  the  extent  of  the 
canaliculus.  This  constitutes  the  negative  Dole;  the  positive  pole  can 
be  placed  on  the  nape  of  the  neck,  or,  as  Gjrecki  advises,  it  can  be  in- 
troduced into  the  nostril  of  the  same  inc.  This  treatment  is  to  be  used 
in  conjunction  with  probing. 

11.  Incision  of  the  Anterior  Wall  of  the  Lacrimal  Sac  is  a 
simple  operation  which  is  best  rkne  with  a Beer  knife,  and  does  not  re- 
quire detailed  description.  Ti  e operation  is  indicated  in  phlegmonous 
inflammation,  in  mucoce.e,  and  as  a prophylactic  measure  in  corneal  ulcers, 
injuries,  or  operations  where  chronic  dacryocystitis  exists.  Extensive 
opening  of  the  sac  is  necessary  in  the  removal  of  foreign  bodies  and  as 
a step  in  the  operation  of  obliteration. 


CHAPTER  VII. 


DISEASES  OF  THE  CONJUNCTIVA. 

The  conjunctiva  is  liable  to  congenital  anomalies,  tumors,  inflam- 
mations, hypertrophies,  degenerations,  atrophy,  tubercular  and  leprous 
infections,  and  injuries.  These  affections  will  be  considered  in  the  order 
mentioned.  The  conjunctiva  is  often  involved  in  the  cutaneous  diseases  of 
the  lids;  and,  from  its  direct  connection  with  the  nasal  mucous  membrane 
via  the  lacrimo-nasal  duct,  it  is  influenced  by  morbid  conditions  of  the  nose 
and  throat.  Pathogenic  microorganisms  can  be  carried  to  the  conjunc- 
tiva in  many  other  ways:  by  the  hands,  towels,  handkerchiefs,  by  water 
in  swimming-pools,  by  dust,  and  by  flies  and  other  insects.  Normally 
the  conjunctiva  always  contains  bacteria,  twenty-eight  varieties  having 
been  isolated  by  Eyre.  Of  these  the  staphylococcus  epidermidis  alb  us,  as 
Randolph  has  shown,  is  found  so  frequently  that  it  must  be  regarded 
as  a regular  inhabitant  of  the  conjunctiva.  Fortunately  this  coccus  possesses 
but  slight  pathogenic  properties.  It  is  probable  that  bacteria  which  are 
non-pathogenic  in  the  normal  conjunctiva  may  become  harmful  when 
this  membrane  is  injured  or  irritated.  The  temperature  of  the  con- 
junctiva, which  is  normally  96°  F.  (Silex),  is  increased  in  disease.  On 
account  of  the  source  of  its  blood-supply,  the  conjunctiva  is  involved 
to  a certain  extent  in  inflammation  of  the  cornea,  iris,  and  ciliary  uudy. 
Conjunctival  diseases  are  common,  forming  about  30  per  cent,  cf  oph- 
thalmic cases  in  this  country.  Their  frequency  varies  much  with  climate, 
latitude,  and  race,  and  may  range  from  10  to  90  per  ceu*'. 

CONGENITAL  ANOMALIES. 

A few  cases  of  congenital  thickening  of  the  conjunctiva,  resembling 
pterygia  and  extending  between  the  Assures  o ! the  lid,  have  been  ob- 
served. The  dermoid  tumor,  which  is  congenital,  will  be  considered 
elsewhere.  In  cryptophthalmos  the  conjunctival  sac  is  absent. 

TUMORS  OF  THE  CONJUNCTIVA. 

Benign  and  malignant  gi*nvtns  appear  in  the  conjunctiva.  Among 
the  former  are  dermoids.  Tpomata,  fibromata,  polypi  and  granulation 
tumors,  vascular  tumorr,,  osi^omata,  cysticerci,  and  lymphectasias.  The 
malignant  growths  nre  sarcomata  and  epitheliomata.  The  diagnosis  of 
the  nature  of  a conjunctival  tumor  may  be  difficult  or  impossible  until 
after  a microscopic  examination. 
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BENIGN  TUMORS. 

Dermoid  Tumor. — The  dermoid  tumor,  which  is  a congenital  growth, 
generally  is  a flat,  solid  mass  of  a reddish  or  whitish  color.  It  is  situated 
partly  in  the  conjunctiva,  partly  in  the  cornea,  and  is  anchored  to  the 
latter.  Often  the  surface  is  dry  and  is  covered  with  downy  hairs.  Fre- 
quently other  congenital  anomalies  are  present.  Demours  met  with  a 
dermoid  located  on  the  caruncle,  in  which  the  same  eye  showed  an 
eccentric  pupil.  Wardrop  described  a dermoid  of  the  conjunctiva  from 
which  twelve  long  hairs  grew  and  hung  over  the  cheek,  as  in  the  case 
shown  in  Fig.  199.  In  Wardrop’s  case  the  hairs  did  not  appear  until 
the  sixteenth  year,  when  the  beard  began  to  grow.  The  tumor  is  prac- 
tically an  island  of  skin  planted  on  the  eyeball.  Histologically  it  pre- 
sents a connective-tissue  stroma,  covered  with  epidermis  and  containing  hair- 
follicles,  sweat-glands,  and  sebaceous  glands  (Fig.  200).  If  thoroughly 
removed  it  does  not  return. 


Fig.  199. — Dermoid  tumor  of  conjunctiva. 

(Von  Ammon  ) 

Subconjunctival  Lipoma. — Another  congenital  growth  is  the  lipoma, 
which  may  be  single  or  multiple.  ^ nis  tumor  is  often  quiescent  until 
the  time  of  puberty,  when  it  begins  to  grow.  It  is  covered  by  con- 
junctiva, is  movable  upon  the  eyeball,  presents  a yellowish  color,  and 
generally  forms  only  cue  tumor-mass,  but  exceptionally  is  lobulated. 
It  may  become  two  centi  netres  in  breadth,  but  is  generally  half  this 
size.  Sometimes  lipomata  arise  from  the  orbital  fat  and  cause  tjje  con- 
junctiva to  bulge  npur  the  lacrimal  gland  and  between  the  insertions 
of  the  recti  muscles.  Usually  this  is  the  only  growth  present,  but  Fuchs 
shows  an  initiation  of  a subconjunctival  lipoma  and  a corneal  dermoid 
in  the  s^me  eye  of  a girl  aged  thirteen  years;  and  Burnett,  under  the 
name  demiolipomata,  describes  tumors  containing  both  fat  and  skin 
elements.  These  tumors  do  not  return  after  removal. 

Fioroma  is  rarely  found  in  the  conjunctiva,  where  it  forms  a broad, 
flat  growth  occupying  usually  the  upper  cul-de-sac . Microscopically  it  is 
composed  of  interlacing  strands  of  fibrous  connective  tissue  with  few 
vessels  and  with  practically  no  interfibrillary  substance.  These  tumors 
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do  not  recur.  They  are  supposed  to  begin  as  polypoid  growths  which 
in  time  are  changed  into  simple  connective-tissue  masses. 

Myxoma  has  been  observed  very  rarely  in  the  conjunctiva. 

Polypi,  Papillomata,  and  Granulation  Tumors  can  be  described  to- 
gether. Polypi  are  soft  or  semisolid  pedunculated  tumors,  covered  by 
mucous  membrane,  and  generally  spring  from  the  fornix.  Usually  mul- 
tiple, small,  and  hidden,  they  may  grow  and  project  between  the  lids. 
They  may  become  ulcerated.  They  are  usually  caused  by  the  irritation 
of  a retained  foreign  body.  When  this  is  removed  and  the  polypus  is 
snipped  off,  a cure  readily  follows.  Histologically  they  are  small  fibro- 
mata pushing  the  conjunctiva  in  front  of  them.  Papillomata  spring 


Fig.  200. — Microscopic  section  of  a conjunctival  dernoi^  tumor. 

(Author.) 

(Original  drawing  by  Dr.  Carl  Fisch., 

1,  2,  Epithelium  of  the  conjunctiva.  5,  4,  Round-cell  inf  Itrutkn.  5 , 6 , Connective 
tissue.  7,  8,  Sebaceous  glands.  9,  Hair-follicle  wh.s  sebaceous  gland. 

from  the  caruncle.  They  are  composed  of  connective  tissue  and  blood- 
vessels, and  bleed  easily.  They  are  not  smooth  like  the  polypi,  but 
present  a papillary,  nodulated,  or  ca  ili^ower-like  appearance.  They  have 
a broad  base,  and  are  likely  to  recr.  In  rare  instances  they  undergo 
carcinomatous  degeneration.  C^unulomata  resemble  polypi,  but  differ 
in  this  respect:  they  are  no4-  covered  by  conjunctiva,  but  are  naked 
granulation  masses.  They  Arise  from  surfaces  made  raw  either  by  ulcera- 
tion or  by  operation.  Tiey  are  often  found  after  an  operation  for  stra- 
bismus, enucleatior,  or  chalazion.  They  cause  bloody  tears  and  many 
of  the  miraculouo  Distances  of  bloody  lacrimation  can  be  thus  explained. 
They  are  soft,  hregular  on  the  surface,  but  often  become  smooth  from 
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friction.  They  may  expand  so  as  to  cover  one-half  the  inner  surface  of 
the  upper  lid.  They  should  be  removed  by  the  scissors.  The  base  should 
be  cauterized.  If  this  be  thoroughly  done,  they  do  not  return. 

Vascular  Tumors. — Primary  angiomata  of  the  conjunctiva  are  very 
rare.  They  are  congenital  and  increase  in  size  after  birth.  They  usually 
spring  from  the  caruncle.  Eeik  met  with  a cavernous  angioma  grow- 
ing from  the  bulbar  conjunctiva.  The  large  angiomas  found  about  the 
eye  generally  spring  from  the  eyelid  or  from  the  depths  of  the  orbit.  They 
form  dark  purple-red  tumors.  Microscopically  they  are  composed  of  loose 
connective  tissue  with  many  small  areolar  spaces  and  numerous  blood- 
vessels. The  large  blood-spaces  are  traversed  by  connective  tissue  and  are 
lined  with  endothelium.  Angiomas  may  be  treated  by  injections  of  absolute 
alcohol,  or  by  excision.  The  author  has  seen  one  case  of  angioma  of  the 
retina  involving  also  the  tissues  of  the  orbit  and  side  of  the  face.  En- 
larged tortuous  veins  in  the  conjunctiva  are  often  present  in  glaucoma  and 
in  the  eyes  of  alcoholics.  True  varix  is  sometimes  seen  as  a blue  mass  of 


Fig.  201. — Polypi  of  the  conjunctiva.  (De  Beck.; 

The  outlines  of  the  cornea  and  the  lids  are  shown  by  dotted  ’’ik*  The  upper  lid 
is  everted,  and  a foreign  body,  a piece  of  straw,  is  seen  in  tie  upper  fornix. 

veins,  pyramidal  in  shape,  the  apex  pointing  toward  the  cornea.  Phleb- 
oliths  have  been  found  in  these  masses.  Pressure  will  empty  these  tumors, 
and  ligation  is  the  proper  treatment.  Burnett  has  recorded  an  interesting 
case  of  hematoma  of  the  conjunctiva  The  tumor  was  the  size  of  a 
pigeon’s  egg. 

Osteoma  of  the  conjunctiva  is  an  unusual  disease  of  which  examples 
have  been  recorded  by  Critcheth  Snell,  Heustis,  Oliver,  and  others.  In  the 
case  treated  by  Heustis  the  piece  of  bone  measured  7 by  4 millimetres.  It 
was  situated  near  the  outer  ran  thus.  His  patient  was  twenty-three  years 
of  age.  Osteomata  and  fibro-osteomata  of  the  conjunctiva  are  supposed 
to  be  congenital  gr^v  tho.  They  have  been  found  in  very  young  children. 
They  should  be  excised. 

Cysts  of  the  conjunctiva  are  not  rare.  They  appear  usually  in  the 
lower  lid  rs  small  vesicles  of  a straw  color.  They  can  be  incised  and 
curetted.  The  cysts  found  in  the  ocular  conjunctiva  arise  generally  from 
dilated  l^mph-vessels. 

Subconjunctival  Cysts. — A rare  form  of  cyst  is  that  which  is 
due  to  enlargement  of  the  acinotubular  glands  of  Waldeyer,  which 
are  numerous  in  the  fornices  and  in  the  caruncle.  Gelatinous  cysts 
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situated  beneath  the  ocular  conjunctiva  have  been  described  by  Fehr. 
The  subconjunctival  cyst  shown  in  Fig.  202  was  immobile  and  tense.  It 
developed  beneath  an  overlying  pterygium.  When  incised,  a thin,  straw- 
colored  fluid  escaped.  The  growth,  which  was  of  eight  years*  duration, 
filled  the  space  between  the  cornea  and  the  inner  canthus.  Microscopic 
examination  showed  a tissue  richly  supplied  with  spaces,  which  were 
lined  with  layers  of  epithelial  cells  resting  upon  a dense,  thin,  fibrous 
structure.  The  general  appearance  was  that  of  dermal  structure,  al- 
though sebaceous  glands  and  hair-follicles  were  absent. 

Cysticercus. — Large  cysts  beneath  the  mucous  membrane  arise 
from  the  cysticercus  cellulosse.  They  are  generally  found  in  children 
or  young  subjects.  Early  in  its  history  the  cyst  is  transparent  and 
the  head  of  the  animal  may  be  seen.  The  overlying  conjunctiva  becomes 
inflamed  and  opaque,  thus  making  the  diagnosis  difficult.  The  most 
common  site  for  such  a cyst  is  beneath  the  ocular  conjunctiva.  Earely 


Fig.  202. — Subconjunctival  cyst.  (Author.) 


is  it  found  in  the  fornix  or  palpebral  conjunctive,  juda,  has  recorded 
an  interesting  case  of  cyst  of  this  character  in  a buy  six  years  old.  The 
cyst  occupied  the  space  between  the  corner  and  caruncle.  Cysticercus 
is  rare  in  all  countries  except  Iceland,  Finland,  northern  Germany,  and 
Manitoba.  In  northern  Germany  among  80,000  patients  von  Graefe  saw 
8 cases  in  the  deeper  parts  of  the  e>°,  3 in  the  anterior  chamber,  5 
beneath  the  conjunctiva,  and  1 in  he  orbit.  Few  cases  of  cysticercus 
of  any  part  of  the  eye  have  beun  seen  in  the  United  States.  The  treat- 
ment consists  in  incision  of  the  conjunctiva  and  removal  of  the  sac. 

Lymphectasise. — The  lym^huctasise  result  from  dilation  of  the  lymph- 
channels  of  the  conjunctiva.  The  lymphatics  appear  as  small  trans- 
parent beads,  generally  glared  in  the  palpebral  fissure,  midway  between 
the  cornea  and  canthus.  Leber  has  reported  one  case  in  which  the 
]ymph  was  periodically  mixed  with  the  coloring  matter  of  the  blood 
(lymphectasis  x-umorrhagica).  The  lymphectasise  cause  little  or  no 
trouble.  If  treatment  is  required,  they  may  be  opened  or  excised. 
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MALIGNANT  TUMORS  OF  THE  CONJUNCTIVA. 

Sarcoma. — A sarcoma  of  this  region  is  either  a leucosarcoma,  with 
or  without  hematogenous  pigmentation,  or  a melanosarcoma.  The  former 


Fig.  203. — Microscopic  section  of  an  epibulbar  leucosarcoma  wit1 
hematogenous  pigmentation.  (Kerschbaumer.) 

develops  from  the  conjunctival  or  episcleral  vessels,  th<  latter  from  a 
nasvus  pigmentosus.  The  first  sign  of  the  tumor  is  a grow  Mi  of  the  adven- 
titial cells  of  the  conjunctival  vessels.  When  formed,  tne  tumor-mass  is 


Fig.  20^.— Ai.tero-posterior  section  of  primary  sarcoma  of  the  conjunctiva. 

(Author.) 

The  \ eoplasm  extends  over  the  cornea ; the  anterior  chamber  is  obliterated.  The  detachment 
of  the  retina  is  accidental. 


ilch  in  vessels.  The  stroma  shows  spindle-shaped,  round,  or  polygonal  cells 
ijing  in  close  proximity.  Cell-nests  of  varying  size  may  be  present,  thus 
greatly  resembling  carcinoma.  Melanosarcomas  of  the  corneoscleral  region 
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spring  from  nevi  and  often  show  a structure  resembling  that  of  nsevus 
pigmentosus  of  the  conjunctiva  and  skin.  These  so-called  “alveolar  forms” 
led  Panas  to  class  all  melanotic  tumors  of  the  corneoscleral  region  as 
carcinomas — a view  which  has  been  shown  by  Kerschbaumer  to  be  incorrect. 

Early  in  its  history  a sarcoma  causes  no  symptoms.  After  the  growth 
has  become  larger  there  is  pain  and  redness.  The  mass  becomes  anchored 
to  the  cornea  and  spreads  over  it.  It  may  involve  the  whole  conjunctiva 


Fig.  205. — Growth  of  conjunc- 
tival epithelioma  into  the  cornea. 
(De  Beck.) 


Fig.  206. — Microscopic  section  of  an  epithe- 
lioma of  the  conjunctiva  advancing  into  the 
cornea.  (Df  Deck.' 


The  epithelial  growth  is  seen  extending  At  the  righi  is  t>  e normal  corneal  epithelium  ; at  the 

to  either  side  of  the  limbus.  The  flat  tumor,  left  this  passes  into  the  irregular  cells  of  the  new  growth, 
resembling  a condyloma,  is  attached  to  the 
limbus  by  a central  core  of  connective  tissue. 


without  penetrating  the  globe ; or  it  may  gain  access  to  the  interior  of  the 
eye  by  burrowing  between  tht  scleral  lamellae,  or  between  the  corneal 
layers,  or  by  following  the  lymph-spaces  of  the  anterior  ciliary  vessels. 
When  the  intra-ocular  +is£ues  are  involved  by  an  epibulbar  sarcoma,  in- 
creased tension  is  raveiy  observed.  The  melanotic  form  grows  rapidly, 
often  forming  met-  stases.  These  black  tumors  are  easily  recognized.  Epi- 
bulbar sarcomas  occur  chiefly  in  persons  above  fifty  years  of  age.  Three 
of  the  reporHa  c^ses  occurred  in  children.  The  author’s  case  (Eig.  204) 
was  that  of  a middle-aged  negro. 
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Epibulbar  leucosarcomas  are  often  confounded  with  epitheliomas.  The 
latter  are  flatter,  are  more  cracked,  and  show  a smaller  lobulated  structure; 
the  sarcomas  are  elevated,  and  show  a smooth  surface  or  large  lobules. 
The  epitheliomas  are  solid,  while  the  sarcomas  are  elastic.  The  former  are 
likely  to  grow  into  the  lid,  while  the  latter  are  more  apt  to  spread  into  the 
globe.  However,  it  will  often  occur  that  the  exact  nature  of  a malignant 
tumor  of  the  conjunctiva  can  be  determined  only  by  microscopic  study. 
1 his  is  particularly  true  if  the  tumor  is  removed  while  yet  small.  Fortu- 
nately sarcoma  of  this  region  is  rarely  seen.  Of  67  cases  of  sarcoma  of 
the  eye  tabulated  by  Kersehbaumer,  9 were  epibulbar;  5 of  these  were 
leucosarcomas,  2 were  leucosarcomas  with  hematogenous  pigmentation,  and 
- were  melanosarcomas.  A peculiar  form  of  sarcoma  known  as  cylindroma 
has  been  observed  in  the  conjunctiva. 

It  is  possible  to  mistake  an  epibulbar  sarcoma  for  tubercular  granu- 
lation tumors,  which  pierce  the  corneoscleral  region,  or  for  an  intra-ocular 
sarcoma  piercing  the  sclera  in  front.  The  history  of  the  case  should  suffice 
to  prevent  such  a mistake.  Danvers  states  that  in  some  cases  the  differential 
diagnosis  between  the  ocular  form  of  spring  catarrh  and  sarcoma  of  the  con- 
junctiva can  be  made  only  by  microscopic  examination. 

Treatment.— Any  suspicious  tumor  growing  from  the  conjunctiva 
should  be  subjected  to  an  early  and  thorough  removal.  A microscopic  diag- 
nosis can  then  be  made  and  the  case  can  be  carefully  watched.  If  a sar- 
coma has  involved  the  tissues  of  the  globe,  an  enucleatioi*  twill  be  neces- 
sary. The  prognosis  in  these  cases  is  favorable  only  if  the  operation  be 
undertaken  early.  If  the  tumor  involves  the  capsule  as  well  as  the  globe, 
an  exenteration  of  the  orbit  must  be  made. 

Epithelioma.  This  disease,  attacking  by  preference  those  parts  of 
the  body  where  one  epithelium  joins  another,  us  the  lips,  nose,  etc.,  begins 
in  the  conjunctiva  near  the  corneoscleral  junction  (Fig.  8,  Plate  VII). 
Here  there  is  not  so  much  difference  in  the  epithelial  covering  as  in  the 
character  of  the  underlying  tissues.  An  additional  factor  in  the  develop- 
ment of  this  type  of  tumor  in  this  region  is  the  peculiar  arrangement  of 
epithelium  at  this  place,  for  in  normal  sections  the  epithelium  is  often  found 
growing  into  the  corneal  t .ssue  111  the  form  of  conic  processes. 

The  tumor  begins  as  a -mall,  rounded,  or  nodular,  hard  mass,  slowly 
increasing  in  size  and  not  painful.  Eventually  it  spreads  to  all  the  ocular 
structures.  Microscopically  it  is  found  that  round-cell  infiltration  precedes 
the  advancing  gro.ah  of  epithelial  cylinders.  The  cylinders  grow  along  the 
corneal  canals.  The  corneal  lamellae  become  broken  up  and  destroyed. 
Bowman’s  laym  disappears,  and  the  membrane  of  Descemet  resists 'the 
longest.  When  it  ruptures,  the  iris  becomes  fastened  in  the  wound  and  the 
new  growth  spreads  to  the  deeper  structures.  On  the  other  hand  the 
epithelioma  may  spread  along  the  lymph-sheaths  of  the  anterior  ciliary 
aiteues.  Often  these  tumors  are  lobulated  and  overlap  the  cornea,  from 
which  they  can  be  lifted  with  a probe.  The  cornea  may  appear  not  to  be 
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infiltrated,  but  only  flattened  by  the  mass,  but  microscopic  section  will 
show  it  to  be  involved.  The  surgeon,  under  these  circumstances,  shaves  the 
growth  off  level  with  the  cornea,  touches  the  base  with  the  electroeautery, 
and  expects  a cure.  Almost  invariably,  however,  there  is  a recurrence,  but 
not  necessarily  at  the  old  site.  The  microscopic  appearances  are  repre- 
sented in  Fig.  206,  where  the  normal  corneal  structure  is  shown  on  the 
right  and  the  advancing  apex  of  the  tumor  is  seen  on  the  left.  These 
tumors  are  rarely  pigmented.  They  are  found  in  middle-aged  and  elderly 
persons.  Although  springing  usually  from  the  limbus,  epitheliomas  some- 
times  grow  from  other  parts  of  the  conjunctiva. 

Diagnosis  may  be  difficult  or  impossible  until  after  microscopic 

examination. 


Prognosis.— Epithelioma  of  the  conjunctiva  is  always  a serious  dis- 
ease. If  removed  early  and  thoroughly  it  may  not  return. 

Treatment.— Radium  has  been  used  with  complete  success  by  Wick- 
ham, Lawson,  Davidson,  and  others.  A small  growtu  ^hou.d  be  excised;  a 
laro-e  one,  with  considerable  involvement  of  the  cornea,  may  require  enuclea- 
tion of  the  eye  or  complete  removal  of  all  of  the  orbital  contents.  Ex- 
ceptional cases  occur  in  which  removal  of  a tun  or  involving  the  superficial 
layers  of  the  cornea  will  not  be  followed  by  a recurrence. 


INFLAMMATIONS  OF  THE  CONJUNCTIVA. 

Inflammations  of  the  conjunctiva  are  characterized  by  hyperemia, 
abnormal  amount  of  secretion,  which  may  vary  from  lacrimation  to  the 
production  of  mucus  or  pus;  pain,  which  may  be  slight  or  severe;  an 
dread  of  light  (photophobia).  The  most  noticeable  of  these  changes,  m 
case  of  a slight  inflammation,  is  the  increase  in  vascularity.  It  is  necessary 
to  distinguish  tie  hyperemia  of  conjunctivitis  from  that  which  occurs  in 
keratitis  and  deep-seated  ocular  diseases,  such  as  iritis,  chonoiditis  and 
iridoehoi joid  itis.  The  former  is  known  as  conjunctival,  and  the  latter 
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as  ciliary  injection.  Although  in  severe  forms  of  inflammation  of  the 
anterior  ocular  segment  the  two  types  of  congestion  are  associated,  as  would 
be  expected  from  the  numerous  anastomoses  between  the  posterior  conjunc- 
tival and  the  anterior  ciliary  vessels,  yet  in  many  cases  they  can  be  readily 
distinguished.  The  points  of  differentiation  between  these  forms  of  hyper- 
emia are  as  follows: — 


Conjunctival  Injection  (Fig.  208). 

1.  Comes  from  the  posterior  conjunc- 

tival vessels. 

2.  Is  found  in  conjunctival  diseases. 


Ciliary  Injection  (Fig.  209). 

1.  Comes  from  the  anterior  ciliary 

vessels. 

2.  Is  found  in  diseases  of  the  iris, 

ciliary  body,  and  cornea. 


Fig.  208. — Congestion  of  the  posieuor  conjunctival  vessels.  (Author.) 

(Original  di.  wi.  by  Du.  R.  W.  Mills.) 


3.  Is  movable  with  the  conjunctiva 

when  pressure  is  made  with  the 
eyelid  intervening. 

4.  The  greatest  redness  posteriorly, 

in  the  fornices. 

5.  Redness  lessens  to  vard  the  cornea. 

6.  Color  is  a brick-red. 

7.  Is  composed  of  coarse,  tortuous,  su- 

perficial \3ssels  whose  meshes  can 
be  discerned. 


3.  Is  immovable  when  the  conjunctiva 

is  moved. 

4.  Greatest  redness  is  circumcorneal. 

5.  Redness  lessens  toward  the  fornix. 

6.  Is  of  a pink  or  lilac  color. 

7.  Is  composed  of  a series  of  fine, 

straight  vessels  radiating  from  the 
periphery  of  the  cornea.  The  indi- 
vidual vessels  are  not  easily  recog- 
nized. 


Hyperemia  of  the  Conjunctiva  (Dry  Catarrh). — This  may  be  active 
( acute)  or  passive  (chronic). 
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Acute  Hyperemia  is  the  first  change  noticed  in  catarrhal  or  in 
purulent  conjunctivitis.  In  this  place,  however,  reference  is  had  to  idio- 
pathic hyperemia  and  to  that  form  which  may  be  due  to  the  temporary 
lodgment  of  foreign  bodies  in  the  conjunctival  cul-de-sac . The  causes  are 
numerous,  and  include  the  lodgment  of  cinders  and  particles  of  dust;  the 
exposure  to  irritants,  such  as  smoke,  chemicals,  strong  winds,  and  bright 
light;  the  abuse  of  alcoholic  beverages;  and  the  strain  of  an  uncorrected 
or  improper^  corrected  error  of  the  muscle-balance  or  of  the  refraction. 
Beginning  presbyopia  is  a frequent  cause.  Hyperemia  is  often  found  in 
the  early  stage  of  cataract  and  in  small  corneal  opacities.  In  some  cases 


V 


Fig.  209. — Ciliary  injection.  (Author.) 

(Original  drawing  by  Dr.  R.  N.  Mi'.l*.; 

of  the  gouty  diathesis  acute  hyperemia,  which  may  be  recurrent,  is  found. 
Excessive  and  prolonged  use  of  the  eyes  at  near  points,  the  presence  of 
catarrhal  or  atrophic  inflammation  of  the  nasal  mucous  membrane,  and 
disease  of  the  accessory  sinuses  \Tih  cause  vascular  engorgement. 

Symptoms . — These  include  a sensation  of  irritation  or  discomfort 
about  the  eyes.  They  feel  as  :f  “sand”  were  in  them.  They  are  heavy  and 
their  use  soon  causes  thm  to  tire.  In  case  of  the  lodgment  of  a foreign 
body  the  eye  becomes,  rapicly  red  and  there  is  profuse  lacrimation.  Pho- 
tophobia is  a common  symptom.  Inspection  shows  congestion  of  the 
posterior  conjunctival  vessels. 

Treatment  - -From  what  has  been  said  it  is  evident  that  search  should 
be  made  for  foreign  bodies,  nasal  disease,  and  errors  of  refraction.  The 
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condition  of  the  general  health  should  be  investigated.  The  correction  of 
bad  habits  and  removal  from  unhygienic  surroundings  will  often  be  fol- 
lowed by  immediate  improvement.  The  local  use  of  very  hot  water  applied 
to  the  eyes  for  a few  seconds  thrice  daily  is  beneficial.  At  night  the 
patient  can  rub  a small  piece  of  the  ointment  of  ammoniated  mercury  (1 
to  20)  upon  the  closed  lids.  The  use  of  a mild  collyrium— boric  acid, 
bicarbonate  of  soda,  or  camphor-water — is  often  advisable.  A favorite 
mixture  is:  zinc  sulphate,  gr.  V4  to  */,;  eocain,  gr.  j;  water,  §j,  of  which 
2 drops  are  to  be  used  in  the  eye  twice  a day.  The  use  of  strong  astringents 
is  inadvisable.  In  applying  a collyrium  the  surgeon  everts  the  upper  lid 
and  drops  the  medicine  upon  it.  If  it  is  to  be  used  at  home,  the  patient 
should  not  attempt  the  eversion,  but  should  pull  the  lower  lid  downward, 
at  the  same  time  looking  down,  while  another  person  drops  the  medicine 
into  the  cup  thus  made.  The  lids  can  then  be  gently  closed  and  kept  closed 
for  two  or  three  minutes.  The  eye-dropper  should  always  be  held  “right 
side  up.”  Inattention  to  this  point  will  result  in  the  medicine  running 
into  the  rubber  bulb,  and  thus  foreign  bodies  may  be  dropped  into  the 
conjunctiva  along  with  the  medicine.  In  the  application  of  collyria  the 
surgeon  should  use  one  of  the  numerous  antiseptic  droppers  and  'wttles, 
of  which  those  of  Galezowski,  Chalk,  and  Stroschein  are  among  ;ht  best. 

Passive  Hyperemia.— In  this  form  of  congestion  the  venous  circula- 
tion is  interfered  with,  the  veins  being  larger  and  more  tort.ouc  than  under 
normal  conditions.  This  often  leads  to  hypertrophy  of  the  papillae  of  the 
conjunctiva.  Passive  hyperemia  is  found  after  paralysis  of  the  cervical 
portion  of  the  sympathetic  nerve.  It  is  commo”  in  gouty  persons  and  in 
those  who  are  ametropic.  The  proper  treatment  insists  in  the  removal 
of  the  cause  and  the  use  of  mild  astringent  collyria. 

Conjunctivitis  exists  where  the  presence  of  an  abnormal  secretion 
is  added  to  hyperemia.  Almost  all  forms  or  conjunctivitis  are  contagious. 
Although  they  produce  certain  pathologic  changes  in  the  affected  membrane, 
it  must  be  remarked  that  there  is  often  no  definite  and  constant  result 
following  the  transmission  of  secretion  from  a diseased  to  a normal  eye. 
The  same  secretion,  obtained  from  an  eye  the  seat  of  conjunctivitis,  may  be 
inoculated  into  several  healthy  eyes  and  produce  a different  clinical  picture 
m each.  Hence  it  is  supposed  that  the  type  of  inflammation  set  up  is 
influenced  by  other  than  the  bacterial  cause.  The  role  of  the  toxins  in 
inflammatory  process  offers  an  inviting  field  for  study.  So  long  as  the 
protective  epithelium  of  the  conjunctiva  and  cornea  is  intact,  the  patient 
is  comparative^  safe  from  microbic  invasion  (Randolph).  Doubtless  every 
form  of  conjunctivitis,  except  the  chemical  or  mechanical,  is  due  to  bac- 
teria, although  it  is  yet  too  early  to  found  a classification  of  the  conjunc- 
tivi tides  ,olely  upon  bacteriologic  causes.  Hence,  in  the  pages  to  follow  the 
author  will  classify  these  affections  from  their  clinical  pictures,  speaking 
of  the  concomitant  bacilli  and  cocci  as  etiologic  factors.  According  to  the 
iecretions  present  and  the  pathologic  changes  found,  inflammations  of  the 
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Bacteria  Found  in  Conjunctival  Inflammations,  (ScHiiNZ.) 


Fig.  1. 

Streptococci, 


Fig.  2, 

Diphtheria.  Bacilli. 


Fig.  3. 
Gonococci. 


Fig.  4. 

Diplabacilli  of 
Morax-Axenfald. 


Fig.  5. 

Koch-Weeks  Bacilli. 


Fig.  B. 

Pneumococci, 
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conjunctiva  are  classified  as  catarrhal,  purulent,  diphtheritic,  granular,  and 
phlyctenular.  As  a rule,  the  prognosis  of  inflammation  of  the  conjunctiva 
is  favorable.  Many  cases,  however,  of  the  purulent  and  granular  forms 
lead  to  corneal  complications;  and  occasionally  an  eye  is  lost  either  from 
the  neglect  of  the  patient  to  consult  a skilled  surgeon  at  an  early  date,  from 
injurious  methods  of  treatment,  or  from  the  violence  of  the  inflammation. 

Simple  Conjunctivitis  (Catarrhal  Conjunctivitis;  Catarrhal  Ophthal- 
mia).— This  is  a mild  form  of  conjunctivitis  (Fig.  5,  Plate  VIII)  which  is 
accompanied  by  swelling  of  the  membrane  and  lids  and  a muco-purulent 
secretion.  The  disease  tends  to  spontaneous  recovery.  It  begins  with  a 
burning  or  smarting  sensation,  which  is  more  pronounced  before  the  appear- 
ance of  secretion.  The  conjunctiva,  particularly  in  the  region  of  the  for- 
nices,  is  hyperemic.  In  severe  cases  the  conjunctiva  is  swollen ; there  is 
photophobia  and  increased  lacrimation.  Often  the  movements  of  the  eye 
and  accommodative  effort  will  cause  pain.  One  or  both  eyes  may  be  in- 
volved. Vision  is  affected  only  when  mucus  adheres  to  the  cornea. 

Etiology. — The  mechanical  and  traumatic  varieties  of  simple  con- 
junctivitis result  from  the  presence  in  the  cul-de-sac  of  small  foreign  bodies 
such  as  dust,  pollen,  insects,  etc.  The  disease  is  associated  often  with  the 
exanthemata,  such  as  small-pox,  measles,  scarlatina,  influenza,  eczema, 
blepharitis  marginalis,  and  facial  erysipelas.  It  is  a common  accompani- 
ment of  acute  coryza.  Scrofulous  subjects  and  persons  having  folliculosis 
are  particularly  susceptible  to  this  disease.  Streptococci,  staphylococci,  and 
pneumococci  are  present  in  severe  cases.  According  to  Gifford,  the  u- 
mococcus  of  Fraenkel  is  a common  cause  of  simple  conjunctivitis.  On  the 
other  hand,  Morax  and  Parinaud  regard  this  bacterium  as  an  h. frequent 
cause  of  this  form  of  conjunctival  inflammation. 

The  pneumococcus  of  Fraenkel  (known  also  as  the  dirh'coccus  pneu- 
moniae of  Weichselbaum,  micrococcus  lanceolatus  of  Talamon,  and  micro- 
coccus Pasteuri  of  Sternberg)  is  in  the  form  of  oval  cocci,  often  arranged 
in  pairs  or  chains,  with  the  free  ends  often  pointed  an  < encapsulated  (Fig. 
6,  Plate  IX). 

Diagnosis  and  Prognosis. — From  the  foregoing  description  it  will 
be  noted  that  the  diagnosis  is  generally  an  easy  matter.  If  in  doubt,  a 
microscopic  examination  will  be  conclusive.  The  prognosis  is  favorable. 

Treatment. — When  the  cause  is  removed  these  cases  tend  to  sponta- 
neous recovery.  Cleanliness  is  an  i?1  portant  factor  in  treatment,  the 
eyes  should  be  washed  with  het  -vuter  two  or  three  times  daily.  A 1-per- 
cent. strength  solution  of  boric  acid,  a V6-of-l-per-cent.  solution  of  chlorid 
of  zinc,  a 1 to  15,000  solution  of  bichlorid  of  mercury,  or  the  zinc-cocain 
solution  previously  menHoned  may  be  used  twice  daily  with  benefit.  Pro- 
targol  (5  to  10  per  cec+  j,  iargin  (5  to  10  per  cent.),  argentamin  (2  to  5 
per  cent.),  and  ar^yrol  (5  to  10  per  cent.)  are  valuable  remedies.  Smoked 
glasses  should  he  prescribed.  Poultices  of  any  hind  are  absolutely  contra- 
indicated in  i ll  jorms  of  conjunctivitis.  After  recovery,  the  condition  of 
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the  refraction  should  be  investigated  and  ametropia,  if  found,  should  be 
corrected. 

Acute  Contagious  Conjunctivitis  (Acute  Catarrhal  Conjunctivitis; 
“Pink  Eye”;  Epidemic  Ophthalmia;  Acute  Muco-purulent  Conjunctivitis). 

— This  is  an  acute  inflammation  of  the  conjunctiva,  having  a definite  period 
of  incubation.  It  is  accompanied  by  a muco-purulent  discharge,  and  both 
eyes  are  usually  affected.  The  disease  is  more  common  in  the  spring  than 
in  the  fall  months  and  often  becomes  epidemic.  It  is  not  limited  to  any 
country  or  climate.  It  is  found  at  all  ages  except  possibly  during  the  first 
ten  days  of  life. 

Etiology. — Since  Koch  studied  this  disease  in  Egypt  in  1883,  finding 
a bacillus  resembling  that  of  mouse-septicemia;  and  Weeks  in  1886  was 
able  to  make  pure  cultures  of  this  bacillus  and  produce  the  disease  in  healthy 
conjunctivse;  and  Morax,  Hansell,  and  others  confirmed  these  observations, 
great  stress  has  been  laid  upon  the  Koch- Weeks  bacillus  as  the  cause.  This 
bacillus  (Fig.  5,  Plate  IX)  stains  readily  with  anilin  dyes  and  often  is 
associated  with  the  xerosis  bacillus.  In  the  last  few  years,  however,  it  has 
been  shown  that  the  pneumococcus  is  more  often  the  cause  of  acute  catar- 
rhal conjunctivitis  than  is  the  bacillus  just  described.  Gasparini  in  ±L93 
was  the  first  investigator  to  note  that  the  muco-purulent  type  of  conjunc- 
tivitis could  be  caused  by  the  pneumococcus.  The  investigation?  c*  Gifford, 
who  found  the  pneumococcus  in  36  of  40  cases,  and  of  Junius,  who  met 
with  it  in  49  of  60  cases  of  acute  catarrhal  conjunctive  is,  have  gone  far 
toward  the  settlement  of  the  etiology  of  this  disease,  G ^ fford  carried  the 
disease  to  healthy  eyes  by  means  of  the  discharge,  aud  always  found  the 
pneumococcus  in  the  discharge  from  the  inocnlat°d  eye.  In  31  of  the  60 
examinations  made  by  Junius  the  pneumococcus  was  found  in  a pure  state; 
in  18  it  was  associated  with  the  staphylococcus  or  with  the  xerosis  bacillus. 
Recent  investigations  by  Veasey  show  tout  for  Philadelphia  and  vicinity 
the  most  frequent  cause  of  acute  catai^hal  conjunctivitis  is  the  pneumo- 
coccus of  Fraenkel.  Of  64  cases  examined  by  this  observer,  the  pneumo- 
coccus was  present  in  52.  In  lo  of  these  the  pneumococcus  was  mixed  with 
other  bacteria.  Those  cas^s  in  which  the  micrococcus  pyogenes  albus  or 
aureus  was  present  were  mild  in  character.  In  only  three  of  Veasey's  cases 
was  the  Koch-Weeks  bacillus  present.  Occasionally  the  disease  is  produced 
by  the  Koch-Weeks  bacillus.  The  clinical  signs  of  both  infections  are  so 
similar  that  in  severs  cases  only  a bacteriologic  examination  can  distin- 
guish between  them. 

Atmospheric  influences  are  supposed  etiologic  factors,  the  disease  being 
more  common  at  those  seasons  of  the  year  when  coryza,  influenza,  and 
exanthemata  prevail.  The  infection  is  often  carried  by  washing  utensils, 
such  as  towels  and  handkerchiefs,  particularly  in  barracks,  work-houses, 
oiphan  asylums,  and  hospitals. 

Pathology. — There  is  great  enlargement  of  the  conjunctival  vessels, 
apparent  increase  in  the  number  of  small  vessels,  thickening  of  the  con- 
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junctiva,  particularly  in  the  fornices,  from  vascular  engorgement  and  serous 
effusion,  and  slight  infiltration  of  leucocytes  at  the  base  of  the  epithelial 
layer  of  the  conjunctiva  and  between  the  cells.  Pneumococci  or  bacilli  are 
present  in  the  discharge. 

Symptoms. — About  thirty-six  hours  after  infection  the  eyelids  smart, 
and  later  the  lashes  are  glued  together  with  the  drying  of  the  discharge. 
The  conjunctiva  is  hyperemic  and  the  eye  looks  red  and  swollen.  The 
discharge  increases.  At  first  it  is  chiefly  mucus  (normal  secretion  and 
shed  epithelium),  of  which  small,  stringy  masses  float  in  the  lacrimal 
secretion,  and  is  of  a gray  or  whitish  color.  When  the  proportion  of  pus 
increases,  the  discharge  is  yellowish,  and  may  be  so  profuse  as  to  simulate 
gonorrheal  infection.  In  a few  cases  a pseudomembrane  appears,  and,  in 
the  absence  of  a bacteriologic  examination,  such  cases  may  be  mistaken 
for  diphtheritic  conjunctivitis.  The  eye  is  of  a bright-red  color;  hence  the 
name  “pink  eye.”  The  patient  often  complains  of  the  sensation  of  a 
foreign  body,  and  in  delicate  nervous  subjects  pain  may  be  a prominent 
symptom.  Vision  is  blurred  from  the  smearing  of  the  discharge  over  the 
cornea.  Use  of  the  eyes  causes  pain.  The  disease  usually  reaches  its  height 
on  the  third  or  fourth  day.  The  bulbar  conjunctiva  may  be  slightly  or 
greatly  involved,  according  to  the  severity  of  the  process.  When  it  is  much 
swollen,  with  a large  serous  exudation  lifting  it  up  around  the  cornea,  the 
condition  is  named  chevfiosis.  This  may  be  so  great  as  to  cause  the  swollen 
tissue  to  protrude  between  the  eyelids.  In  some  severe  cases  small  hemor- 
rhages appear  in  the  conjunctiva.  The  acute  stage  of  catarrhal  conjunc- 
tivitis lasts  from  five  to  ten  days,  the  disease  tending,  in  the  majority  of 
cases,  to  spontaneous  recovery.  If  neglected,  it  may  remain  a 1 >ng  time 
in  the  subacute  or  chronic  form.  Corneal  complications  are  rare.  The 
development  of  corneal  disease,  characterized  by  an  increase  in  pain  and 
photophobia,  begins  at  or  near  the  limbus  in  the  form  o 2 small,  opaque, 
gray  spots  often  arranged  concentric  with  the  corner  periphery.  In  a 
few  days  these  points  unite  to  form  a concentric  infiltration.  Later  the 
epithelium  breaks  down,  and  thus  an  ulcer  is  produced,  which  is  known 
as  a catarrhal  ulcer.  Generally  it  heals  rapidly,  leaving  a minute  scar, 
which  from  its  location  cannot  interfere  w;th  vision.  In  rare  instances 
such  an  ulcer  leads  to  general  corneal  infection  and  perforation.  Such  a 
disastrous  result  is  exceedingly  rare  u oases  properly  treated,  but  may 
follow  improper  treatment : e.g .,  ^e  of  poultices.  In  almost  all  cases 
both  eyes  are  affected  in  acufe  conjunctivitis.  In  one  the  inflammation 
may  be  at  its  height,  while  io  ihe  other  it  is  beginning. 

Diagnosis. — The  bacteriologic  diagnosis  depends  on  the  finding  of 
the  pneumococcus  or  the  Z ich-Weeks  bacillus.  The  student  or  practitioner 
who  is  familiar  with  laboratory  methods  will  have  no  difficulty  in  this 
respect.  For  the  ma  jority  of  practitioners,  however,  the  clinical  diagnosis 
will  suffice.  The  presence  of  a discharge,  the  location  of  the  greatest  redness 
in  the  region  o±  Lne  fornices,  and  the  character  of  the  secretion,  in  the  vast 
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majority  of  cases,  will  enable  the  practitioner  to  make  the  diagnosis  without 
difficulty.  It  is  only  in  the  rare  cases  where  the  presence  of  a pseudo- 
membrane simulates  diphtheritic  or  where  a profuse  purulent  discharge 
resembles  gonorrheal  ophthalmia  that  doubt  may  arise.  In  such  instances 
the  history  of  the  case  and  attention  to  the  symptoms  of  these  affections  as 
described  elsewhere  in  this  chapter,  will  serve  to  clear  the  diagnosis.  If  any 
doubt  remains,  a bacteriologic  examination  should  be  made.  It  must  be 
remembered  that  iritis  may  exist  and  be  overlooked  during  an  attack  of  acute 
catarrhal  conjunctivitis  (see  “Iritis”).  A more  common  mistake  is  to  call 
iritis  catarrhal  conjunctivitis. 

Clinical  Varieties. — Attention  must  be  called  to  certain  forms  of 
catarrhal  inflammation  which  are  of  sufficient  importance  to  deserve  men- 
tion. Thus,  traumatic  conjunctivitis  results  from  blows,  the  lodgment  of 
foreign  bodies,  the  action  of  chemicals,  the  irritating  effect  of  dust  (found 
among  millers,  masons,  etc.),  the  effect  of  exposure  to  bright  light  (electric 
welding,  snow-blindness),  repeated  exposures  to  the  x-rays,  and  to  inocula- 
tion of  animal  matter  found  around  slaughter-houses.  In  such  cases  pho- 
tophobia, lacrimation,  pain,  and  swelling  are  likely  to  be  symptoms  of 
unusual  prominence,  and  edema  of  the  lids  and  superficial  corneal  ulcera- 
tion are  common.  A severe  form  of  the  disease  is  observed  in  gas  fitters. 

Exanthematous  conjunctivitis  is  found  in  connection  with  eruptive 
diseases,  particularly  rubeola.  Follicular  conjunctivitis,  which  is  classed 
by  some  authors  with  catarrhal  and  by  others  with  trachomatous  inflamma- 
tions, will  be  considered  separately.  In  the  form  of  conjunctivitis  known 
as  vesicular  catarrh  the  tarsal  conjunctiva  is  covered  with  numerous  small 
elevations,  which  Arlt  compared  to  the  appearance  of  fine  sand  scattered 
over  a moist  glass  plate.  A rare  form  is  the  pustular  conjunctivitis,  in 
which  pustules  appear  on  the  bulbar  conjunctiva  and  leave  small  grayish 
or  yellowish  ulcers.  This  disease  resembles  phlyctenular  conjunctivitis. 
In  the  latter  affection  the  conjunctive  of  the  fornices  and  lids  is  only 
slightly  or  not  at  all  affected,  while  in  pustular  conjunctivitis  they  show 
signs  of  catarrhal  inflammation.  Fink  eye  is  a form  of  epidemic  catarrhal 
conjunctivitis  affecting  the  lmr  animals  as  well  as  man,  and  is  trans- 
mitted by  the  atmospheiL  A mild  form  of  catarrhal  inflammation,  bi- 
lateral, and  found  in  gonorrneal  or  gleety  subjects  who  have  joint  compli- 
cations, has  been  nameu  metastatic  gonorrheal  conjunctivitis. 

Prognosis. — Acute  catarrhal  conjunctivitis  tends  to  recovery.  It  is 
only  in  cases  of  ul usual  severity,  and  in  those  in  which  poultices  or  othei 
improper  meihols  of  treatment  are  used,  that  serious  complications  ensue. 
Ordinarily,  mffier  the  use  of  cleanliness  and  astringents,  the  disease  yields 
readily,  and  the  patient  can  be  discharged  in  from  ten  to  fourteen  days. 

Treatment. — Removal  to  proper  surroundings  where  the  air  is  pure 
piA  free  from  dust  is  advisable.  Cleanliness  is  of  importance.  The  eyes 
she  aid  be  bathed  often  in  hot  water.  The  chief  remedy  for  catarrhal  con- 
junctivitis is  a solution  of  nitrate  of  silver  applied  to  the  everted  lids  once 
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a day.  The  strength  of  the  solution  should  vary  according  to  the  intensity 
of  the  inflammatory  process.  Ordinarily  a solution  of  the  strength  of  gr. 
ij  to  oj  will  be  sufficient,  but  for  severe  cases  gr.  v will  be  better.  A 
stronger  solution  than  this  is  never  needed  in  the  treatment  of  this  disease. 
In  using  a solution  of  the  strength  mentioned  it  will  be  unnecessary  to 
neutralize  the  excess  of  silver  with  a solution  of  chlorid  of  sodium.  Be- 
tween the  daily  treatments  by  silver  the  following  collyrium,  which  is 
highly  recommended  by  J.  H.  Thompson,  of  Kansas  City,  can  be  used : 
Boric  acid,  5iss;  calcined  magnesia,  9 ss;  water,  giij.  Mix  and  filter.  A 
few  drops  of  this  can  be  used  in  the  eye  every  four  hours.  When  chemosis 
and  edema  are  marked  symptoms,  the  application  of  cold  compresses  for  a 
few  minutes  will  be  useful.  In  such  cases  some  ophthalmic  surgeons  favor 
the  direct  application  of  ice  to  the  closed  lids.  From  its  blanching  prop- 
erties it  might  be  supposed  that  a 2-  to  5-per-cent,  solution  of  the  extract 
of  suprarenal  capsule  would  be  useful  when  dropped  into  an  inflamed 
conjunctiva,  but  its  effect  is  only  temporary,  and  the  inflammation  returns 
with  force  equal  to  or  greater  than  before.  Adrenalin  chlorid  (1  to  10,000) 
may  be  used  with  benefit.  It  is  a powerful  astringent. 

Argyrol  has  lately  come  into  extensive  use  in  conjunctival  inflam- 
mations. It  possesses  no  advantages  over  silver  except  that  its  application 
is  attended  by  no  pain.  It  is  used  in  5-,  10-,  and  20-per-cent,  strength 
solutions.  Largin  in  10-per-cent,  solution  is  highly  recommended  by  Sydney 
Stephenson  as  a substitute  for  nitrate  of  silver.  Sulphate  of  zinc  (gr.  j to 
oj)  is  a valuable  astringent,  and  can  be  used  three  times  a day.  Acetate 
of  lead  in  the  same  strength  is  an  excellent  remedy,  but  in  many  caLas  it 
cannot  be  used,  for  the  reason  that  wherever  the  corneal  epithelium  has 
been  removed  this  agent  will  form  an  indelible  white  deposit  of  le  id  car- 
bonate, and  thus  will  impair  vision.  An  excellent  prescription  for  acute 
catarrhal  conjunctivitis  is  this:  sulphate  of  hydrastin,  gr.  v;  boric  acid, 
gr.  ij;  biborate  of  soda,  gr.  iv;  deodorized  tincture  of  ophni , 3ss;  water, 
to  make  gj.  Of  this  a few  drops  are  used  three  times  a day.  Cuprol  in 
10-per-cent,  strength  solution,  applied  once  daily  Lns  been  recommended. 
To  preserve  the  efficiency  of  the  drug  a sma’i  armunt  of  chloretone  (0.5 
per  cent.)  should  be  added.  The  author’s  experience  with  cuprol  has  been 
unsatisfactory.  In  prescribing  collyria  distilled  water  is  often  ordered 
when  filtered  water  is  better,  since  distilled  water  acts  injuriously  on 
epithelial  cells  (Thompson).  Morphin  is  a remedy  which  is  often  pre- 
scribed for  catarrhal  conjunct!  fin's  under  the  mistaken  idea  that  it  is 
soothing  to  an  inflamed  surfa°e.  It  should  not  be  used.  If  the  pain  is 
severe  a few  drops  of  holociin  can  be  used;  or,  if  pain  is  due  to  corneal 
infiltration,  atropin.  Occam  should  be  used  only  at  long  intervals,  if  at 
all,  since  it  first  contracts  and  then  paralyzes  the  blood-vessels.  A better 
agent  is  holocain,  ^-por-cent.  strength  solution,  which  does  not  injure  the 
vessels  and  has  some  antiseptic  value.  As  a rule,  the  momentary  applica- 
tion of  very  hot  water  will  relieve  the  pain  of  conjunctivitis.  The  presence 
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of  corneal  ulcers  in  catarrhal  conjunctivitis  does  not  constitute  a contra- 
indication to  the  use  of  silver,  but  the  surgeon  should  take  care  that  the 
medicine  shall  not  come  in  contact  with  the  cornea.  If  ehemosis  is  great 
the  swollen  conjunctiva  should  be  anesthetized  and  numerous  punctures 
should  be  made  in  it  with  a cataract-knife.  Bandaging  of  the  eyes  and 
ihe  application  of  poultices  are  absolutely  harmful  in  this  disease.  The 
patient  should  be  given  a pair  of  smoked  glasses,  and  should  get  out  of 
doors.  The  use  of  tobacco  (smoking)  and  alcohol  should  be  forbidden 
while  he  is  under  treatment. 

Subacute  Catarrhal  Conjunctivitis  (Subacute  Conjunctivitis  of  Morax- 
Axenfeld)  is  found  in  all  ages,  but  is  particularly  frequent  in  old  age. 
The  onset  is  sudden.  There  is  a slight  muco-purulent  discharge,  and  a sen- 
sation of  smarting  without  pain.  The  disease  is  usually  bilateral,  and  does 
not  lead  to  corneal  complications.  It  can  be  distinguished  from  mild  and 
prolonged  cases  of  acute  contagious  conjunctivitis  by  the  bacteriologic  find- 
ings. In  the  former  disease  the  pneumococcus  of  Fraenkel  or  the  Koch- 
Weeks  bacillus  is  present,  wdiile  the  latter  is  attributed  to  a particular 
microorganism  which  has  been  studied  by  Morax,  Axenfeld,  and  Gifford. 
It  is  a diplobacillus,  two  or  three  micromillimetres  long  and  one-lialf  as 
thick,  appearing  as  two  short  rods  separated  by  a clear  space,  a^a  can.  be 
distinguished  from  the  pneumococcus  by  having  no  capsule  and  appearing 
more  rod-like  (Fig.  4,  Plate  IX).  Gifford,  however,  believes  it  to  be  encap- 
sulated. Morax  found  that  a pure  culture  of  it,  carried  dirough  the  fifth 
generation  after  incubation,  causes  typical  inflammation  in  the  human  con- 
junctiva, but  is  not  pathogenic  for  animals.  Jt  stains  with  dilute  carbol- 
fuchsin  and  is  decolorized  by  Gram’s  method.  F yes  infected  with  this  germ 
give  considerable  variety  in  the  clinical  pictiL°s  presented,  although  in  most 
cases  the  symptoms  are  subacute  or  chronic.  The  daily  use  of  a V5“Per“ 
cent,  solution  of  chlorid  of  zinc  readi1}  cures  the  disease. 

Chronic  Catarrhal  Conjunctivitis.  -This  is  a common  disease  which 
presents  chiefly  subjective  sympioms.  Objectively  there  is  a moderate 
amount  of  hyperemia  in  the  region  of  the  fornices,  or  on  the  tarsus,  or  in 
both  places.  In  many  cases  the  conjunctiva  is  not  swollen,  while  in  those 
of  long  standing  it  lo  >ks  velvety  and  is  somewhat  thickened.  There  is 
present  a small  amount  of  secretion,  which  is  noticed  chiefly  by  a matting 
together  of  the  eyelashes  in  the  morning,  or  by  the  presence  of  a dark  crust 
at  the  inner  angle  of  the  eye.  When  this  dried  secretion  is  removed  a thread 
of  viscid  muc  is  monies  with  it.  The  subjective  symptoms  include  a feeling 
of  heaviness  or  a sensation  of  sand  in  the  eye,  which  symptom  is  more 
pronounced  toward  night;  a burning  or  itching  of  the  eyes,  which  tire 
quickly  on  accommodative  effort;  blurring  of  the  sight,  or  the  appearance 
of  a rainbow  around  a light,  caused  by  the  spreading  of  mucus  over  the 
cornea;  and  often  an  annoying  blinking  and  sensation  of  dryness.  The 
disease  is  common  among  adults  and  elderly  people  -and  is  likely  to  be  of 
long  duration.  Frequently  blepharitis  marginalis  is  present.  The  skin 
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of  the  lids  becomes  eczematous,  and  ectropion  is  common.  This  increases 
the  flow  of  tears,  and  the  effort  of  the  patient  to  wipe  these  away  with 
his  handkerchief  adds  to  the  local  irritation.  Corneal  ulcers  often  occur 
in  these  cases. 

Etiology. — The  causes  of  chronic  catarrhal  conjunctivitis  are  nu- 
merous and  include  such  dissimilar  elements  as  failure  to  recover  from 
an  attack  of  acute  inflammation,  unhygienic  surroundings,  the  injurious 
influence  of  certain  vocations,  abuse  of  alcohol  and  tobacco,  exposure  to 
wind  and  dust,  eyestrain  from  an  uncorrected  error  of  refraction,  the  pres- 
ence of  blennorrhea  of  the  lacrimal  sac,  and  the  existence  of  nasal  disease. 

Treatment. — If  possible,  the  surgeon  should  first  remove  the  cause. 
Under  hygienic  surroundings  and  mild  treatment  these  cases  show  a rapid 
improvement.  The  eyes  should  be  bathed  frequently  in  hot  water.  The 
most  popular  remedies  at  present  are  argyrol,  protargol,  and  nitrate  of 
silver.  The  first  and  second  are  used  in  5-  or  10-per-cent,  strength  solu- 
tions, the  third  in  the  strength  of  1/2  to  2 grains  to  the  ounce.  Mild  cases 
improve  rapidly  under  the  use  of  the  zinc-cocain  solution,  or  a 1-per-cent, 
strength  solution  of  boric  acid.  The  use  of  the  ointment  of  ammoniated 
mercury,  rubbed  on  the  lid-margins  at  night,  is  beneficial.  The  collyrium 
should  be  applied  to  the  everted  conjunctiva  by  a dropper  or  by  a mop. 
After  the  lids  show  signs  of  improvement  the  refraction  should  be  exam- 
ined. Often  it  will  be  found  that  hypermetropia  or  astigmatism  is  present 
in  amount  sufficient  to  explain  the  symptoms. 

Follicular  Conjunctivitis  (Folliculosis;  Follicular  Trachoma,  or  Ca- 
tarrh, or  Ophthalmia;  Simple  Granular  Conjunctivitis). — In  chLdrer. 
chronic  catarrhal  inflammation  of  the  conjunctiva  appears  gene,  illy  in 
the  form  of  folliculosis  (Fig.  4,  Plate  VIII).  The  disease  h^s  ieen  so 
named  because  of  the  enlargement  of  the  adenoid  tissue,  which  takes  the 
form  of  small,  round,  or  oval  translucent  bodies,  which  aTc  seldom  larger 
than  a rapeseed  and  resemble  follicles.  They  lift  up  the  conjunctiva,  form- 
ing small  elevations,  and  are  more  numerous  in  the  lower  tnan  in  the  upper 
fornix.  Often  they  are  arranged  in  rows  parallel  with  the  folds  of  Nthe 
membrane.  Under  a magnifying  glass  they  ^ok  like  little  spots  of  jelly. 
They  ultimately  disappear  under  treatment,  leaving  the  conjunctiva  intact. 
In  this  respect  they  differ  from  trachoma  They  are  sometimes  found  in 
acute  catarrhal  conjunctivitis.  This  form  c*  conjunctivitis  is  to  be  regarded 
as  an  expression  of  a tendency  toward  adenoid  enlargement.  The  con- 
dition is  extremely  common.  Thu,\  14,797  children,  whose  ages  ranged 
from  2 to  19  years,  Sydney  Stephenson  found  only  5.55  per  cent,  with 
normal  conjunctive ; 93.99  per  cent,  presented  folliculosis,  and  0.46  per 
cent,  had  trachoma. 

The  question  of  the  .^.ationship  between  folliculosis  and  trachoma  has 
caused  much  contrcr  eicv.  It  is  now  generally  accepted  by  ophthalmic  sur- 
geons that  they  a e clinically  distinct  diseases,  although  histologically  there 
is  no  line  of  demarcation  between  fresh  follicles  and  fresh  trachoma  bodies. 


17 


258 


MODERN  OPHTHALMOLOGY. 


In  the  absence  of  discharge  from  the  eye  folliculosis  is  not  contagious.  It 
tends  to  a spontaneous  recovery  without  scarring  of  the  conjunctiva.  It 
is  not  associated  with  corneal  complications,  or  with  structural  changes 
in  the  tarsal  plate,  and  it  never  causes  trichiasis,  entropion,  or  ectropion. 
Trachoma,  on  the  other  hand,  is  always  conditionally  contagious,  and  is 
often  associated  with  pannus,  corneal  ulceration,  trichiasis,  entropion,  or 
ectropion.  Folliculosis  is  rare  after  the  twentieth  year,  while  trachoma  may 
be  seen  at  any  age. 

The  appearance  of  the  conjunctiva  in  each  affection  may  be  described 
as  follows  (Stephenson)  : — 


False,  or  Follicular,  Granulation. 

Oval  or  roundish,  transparent  bodies, 
the  diameter  of  which  seldom  or  never 
exceeds  1 or  1.5  millimetres.  They 
often  show  a faint-yellowish  hue,  and 
are  usually  arranged  in  rows.  Their 
tendency  is  to  remain  discrete : that 
is,  separate  from  one  another.  They 
are  always  larger  and  better  marked 
in  the  lower  fornix. 


True,  or  “Sago-grain,”  Granulation. 

Round,  opaque,  ill-defined  bodies,  of 
grayish-white  color,  and  extreme  fria- 
bility. They  are  firmly  and  deeply 
imbedded  in  the  conjunctiva,  their  di- 
ameter frequently  reaching  2 milli- 
metres or  more.  Their  tendency  is  to 
become  confluent,  thus  forming  areas  of 
trachomatous  material.  They  a^e  al- 
ways larger  and  more  nuirer.  us  in  the 
upper  fornix. 


Etiology  and  Pathology. — Follicular  conjunctive^  is  often  said 
to  be  caused  by  unhygienic  surroundings,  but  Stephenson  has  shown  that 
practically  no  difference  exists  in  the  percentage  of  eases  of  folliculosis 
among  the  inmates  of  schools  of  good,  medium,  an  I poor  social  status. 
Folliculosis  is  often  found  among  the  childrea  oi  termers,  among  whom 
there  is  no  lack  of  fresh  air  and  sunlight.  Among  children,  sex  and  age 
are  without  etiologic  meaning.  The  disease,  however,  is  often  found  in 
individuals  who  have  enlarged  cervical,  femoral,  or  axillary  glands,  hyper- 
trophy of  the  tonsils,  adenoid  growths  in  the  pharynx,  granular  pharyn- 
gitis, and  swollen  gums.  The  eoneludon  seems  evident  that  folliculosis  is 
to  be  regarded  as  an  expression  of  adenoid  activity  incident  to  childhood 
and  youth.  Some  authors  h^d  that  the  disease  is  contagious;  others,  that 
it  is  caused  by  vitiated  aio  The  prolonged  use  of  eserin  will  cause  it 
( Juler).  It  is  also  seen  'iter  the  use  of  atropin,  particularly  after  the 
use  of  impure  solutes.  Some  observers  hold  that  dry  atropin  will  cause 
it.  It  is  probably  thm  to  a germ,  but  this  opinion  is  only  a supposition. 

Patholocv.— Microscopic  section  of  the  enlarged  follicles  shows  them 
to  be  composed  of  a mass  of  lymphoid  cells,  held  by  a network  of  connective 
tissue,  farming  an  incomplete  capsule. 

Prognosis. — The  prognosis  of  folliculosis  is  favorable  as  regards 
vision,  and  so  far  as  ultimate  return  to  the  normal  condition  of  the  con- 
junctiva is  concerned ; but  the  disease  often  is  rebellious  to  treatment.  In 
ihe  course  of  years  the  follicles  may  disappear  without  treatment. 

Treatment. — In  considering  the  treatment  of  this  disease  it  is  ad- 
visable to  distinguish  between  (1)  cases  without  and  (2)  those  with 
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catarrhal  symptoms.  In  the  first  class  the  conjunctiva  often  is  pale,  but 
may  show  arborescent  vessels.  It  presents  the  oval  vesiculo-grains  which 
have  b£en  described,  and  there  is  no  discharge  from  the  eye  (folliculosis  of 
Adamiuk) . Aside  from  attention  to  the  general  health  these  patients  need 
no  treatment.  If  the  follicles  are  unusually  abundant,  the  daily  use 
of  a 1/2-per-cent.  strength  solution  of  silver  nitrate,  or  a 10-per-cent,  solu- 
tion of  argyrol,  is  advisable;  or  the  surgeon  can  express  the  contents 
of  the  follicles  with  the  roller  forceps,  a procedure  which  greatly  shortens 
the  period  of  treatment. 

The  second  class  presents  a mucous  or  muco-purulent  discharge,  which 
is  rarely  abundant,  but  is  in  sufficient  amount  to  cause  the  eyelashes  to  be 
glued  together.  The  conjunctiva  shows  the  vesiculo-grains.  It  is  some- 
what reddened  and  slightly  thickened  (follicular  conjunctivitis).  This 
form  demands  treatment.  Here  nitrate  of  silver  or  argyrol  is  indicated. 
Stephenson  has  obtained  good  results  from  the  use  of  a carefully  prepared 
ointment  of  the  subacetate  of  lead  (1  per  cent.),  of  which  a small  piece  is 
applied  to  the  everted  conjunctiva  once  a day,  followed  by  massage.  After 
two  weeks*  time  the  strength  of  the  ointment  is  to  be  doubled.  Under  this 
treatment  the  redness  disappears,  the  discharge  ceases,  and  the  follicles 
become  reduced  in  size  and  finally  disappear.  The  use  of  bluestone  and 
strong  solutions  of  silver  is  not  advisable  in  this  disease.  Follicles  which 
refuse  to  yield  can  be  subjected  to  expression,  or  each  follicle  can  be  touched 
with  the  fine  point  of  the  galvanocautery.  This  method  of  treatment  re 
quires  a tractable  subject  and  great  patience  on  the  part  of  the  surgeon. 
After  the  disappearance  of  the  disease  it  will  be  well  to  search  for  uros 
of  refraction. 

Drug  Conjunctivitis  (Atropin  Conjunctivitis)  is  the  name  wh.’cn  may 
properly  be  applied  to  those  uncommon  cases  of  conjunctival  follicles  which 
are  caused  by  the  application  of  certain  medicines  (atropii.  c^jain,  homat- 
ropin,  hyoscyamin,  duboisin,  eserin,  and  arecolin)  to  tbc  eouj  mctiva.  The 
toxic  effect  may  follow  a single  application  of  the  drug  or  may  come  only 
after  prolonged  use  of  it.  In  the  former  case  tb^  : kin  of  the  lid  becomes 
dry,  red,  and  swollen  and  may  appear  like  erysipelas.  Examination  will 
show  the  presence  of  follicles,  which  are  parties krly  numerous  in  the  lower 
fornix.  This  type  of  the  disease  is  more  often  found  in  adults  than  in 
children. 

In  the  second  form,  after  long  u^e  of  a mydriatic  or  miotic,  there 
is  the  sudden  appearance  of  an  acute  catarrhal  conjunctivitis  with  muco- 
purulent discharge.  Inspection  shows  the  presence  of  follicles. 

Etiology. — Glorieux  considers  that  the  affection  is  a paralysis  oj  the 
vasomotor  nerves,  with  sequent  dilation  of  conjunctival  vessels.  Idiosyn- 
crasy must  be  a factor  in  ^ome  cases.  A frequent  cause  is  the  presence  of 
germs  in  the  soluti  m used  or  the  existence  of  a chemical  impurity.  Some 
cases  are  caused  by  che  transference  of  septic  material  by  unclean  eye- 
droppers. 
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Treatment. — The  use  of  the  drug  should  be  discontinued  and  hot  ap- 
plications of  the  dilute  subacetate  of  lead  can  be  used.  De  Schweinitz  uses 
a 1-per-cent,  strength  solution  of  creolin  in  atropin  conjunctivitis.  Tannin 
and  glycerin  solutions  are  valuable  remedies.  The  skin  of  the  lids  should 
be  smeared  with  the  ointment  of  ammoniated  mercury  (1  to  20). 

Vernal  Conjunctivitis  (Spring  Conjunctivitis;  Fruejahr’s  Catarrh; 
Phlyctenula  Pallida;  Circumcorneal  Hypertrophy  of  the  Conjunctiva). — 
This  is  a rare  form  of  chronic  catarrhal  inflammation  (Fig.  6,  Plate  VIII) 
which  is  characterized  by  hypertrophy  of  the  conjunctival  epithelium,  the 
presence  of  an  exudation  into  the  corneoscleral  margin,  and  the  presence 
of  peripheral  opacities  of  the  cornea.  The  disease  was  first  described  by 
Arlt,  in  1846. 

Symptoms. — The  patient  complains  of  the  usual  symptoms  of  con- 
junctivitis. Burning  or  itching  sensations  and  heaviness  of  the  lids  are 
frequent  symptoms.  Sometimes  photophobia  exists.  Inspection  shows  the 
presence  of  a slight  mucous  discharge  and  the  existence  of  lacrimation, 
hyperemia,  and  hypertrophy.  The  conjunctiva  presents  a bluish-white 
color  resembling  a film  of  milk  spread  over  the  membrane.  It  is  thickened, 
the  papillae  are  prominent,  and  the  hypertrophy  causes  large,  fiat -topped 
elevations  of  a reddish-gray  color.  They  are  found  in  the  upp^r  lid  and 
around  the  cornea.  In  England  and  France  the  tarsal  tyne  prevalent, 
while  in  Italy  and  other  Mediterranean  countries  the  bulbar  form  is  more 
often  observed.  The  limbus  may  show  a jelly-like  band  Freund  the  cornea; 
or  minute  red  dots  may  be  present  in  the  space  corresponding  to  the  palpe- 
bral fissure.  In  some  cases  only  that  part  of  the  bulbar  conjunctiva  is  in- 
volved which  corresponds  to  the  opening  between  Lhc  lids.  In  some  patients 
the  hypertrophies  are  few  in  number,  resembhng  mushrooms,  while  in  others 
they  are  abundant.  The  lesions  may  exist  'diiefly  in  the  tarsal  region  or 
in  the  palpebral  area.  The  patient  hi?  a dull,  sleepy  look,  owing  to  the 
slight  ptosis  which  is  present.  A clinical  feature  is  the  fact  that  the  dis- 
ease generally  begins  with  the  advent  A warm  weather  in  the  springtime 
and  continues  during  the  summer  and  fall.  It  then  disappears  to  return  the 
following  spring.  Occasionally  it  persists  during  all  the  seasons. 

Etiology. — The  disease  is  almost  limited  to  children  between  the  ages 
of  five  and  fifteen  years,  but  when  once  set  up  the  process  may  continue 
indefinitely.  Both  ay*s  are  generally  affected.  Its  etiology  is  unknown. 
Malaria  and  uterine  disorders  are  supposed  to  be  etiologic  factors.  The  dis- 
ease is  of  fieq'ient  occurrence  in  southern  countries,  but  latitude  alone  is 
not  a defex mining  factor.  Vernal  conjunctivitis  appears  during  the  spring 
and  suramt-  months.  It  occurs  in  all  grades  of  society  and  is  not  influenced 
by  occ’1  ration  or  by  exposure  to  the  rays  of  the  sun.  The  disease  is  sporadic 
and  non  contagious. 

Diagnosis. — Spring  conjunctivitis  is  to  be  differentiated  from  tra- 
choma and  from  phlyctenular  conjunctivitis.  Spring  conjunctivitis  should 
not  be  confounded  with  the  conjunctivitis  attending  hay  fever.  The 
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latter  type  of  cases  presents  more  of  the  anatomic  and  few  of  the  symp- 
tomatic points  found  in  vernal  conjunctivitis.  The  pericorneal  elevations 
of  vernal  conjunctivitis  are  permanent  or  of  long  duration,  and  they  do 
not  break  down  and  leave  ulcers.  These  characteristics  will  prevent  the 
confounding  of  this  disease  with  phlyctenular  conjunctivitis.  The  dif- 
ferentiation from  trachoma  can  be  made  by  attention  to  the  following 
table,  which  is  by  Danvers : — 

Vernal  Conjunctivitis. 

Occurs  in  all  grades  of  society. 

Granulations  are  situated  on  surface  of 
tarsus,  and  consist  of  fleshy,  flat 
growths,  with  pedicles  and  well- 
marked  grooves  between  them. 

Growths  never  ulcerate  on  bulb  or  tar- 
sus. 

Pannus  or  corneal  ulcer  a rare  excep- 
tion. 

Conjunctiva  of  tarsus  has  a bluish- white 
tinge. 

Disease  heals  without  leaving  any 
traces  on  cornea,  tarsus,  or  fornix. 

In  treatment,  copper  sulphate,  nitrate 
of  silver,  and  mercurial  preparations 
always  irritate  the  growths,  and  do 
no  good  whatever — in  fact,  are  posi- 
tively harmful. 

Frequently  the  bulbar  type  of  vernal  conjunctivitis,  vuth  a single 
tumor-mass,  can  be  differentiated  from  sarcoma  and  epithelioma  only  by  a 
microscopic  examination. 

Pathology. — Microscopic  sections  of  parts  of  the  effected  area  show  a 
proliferation  of  epithelial  cells  and  the  presence  ?i  lymphoid  cells  with 
bands  of  connective  tissue  in  the  large  granular  bodies  found  on  the  con- 
junctiva. 

Prognosis. — The  prognosis  is  favor:  i hi?  in  the  sense  that  the  disease 
does  not  cause  serious  lesions  of  the  co^n^a  It  is  a disease  of  long  duration 
and  may  recur  every  summer  for  many  years.  The  bulbar  variety  offers  a 
more  favorable  prognosis  than  Ihc  i?rsal  type. 

Treatment. — Many  remedies  have  been  proposed,  but  the  most  that 
can  be  done  will  be  to  relieve  xhe  distressing  symptoms  and  stop  the  en- 
croachment of  the  dise^e  "pon  the  cornea.  A complete  recovery  often 
follows  after  several  years  The  eyes  can  be  bathed  in  hot  boric-acid  solu- 
tion, and  ointment  >t  yellow  oxid  of  mercury  or  the  ointment  of  ammoniated 
mercury  can  be  : imbed  into  the  conjunctiva  once  or  twice  a day.  Bichlorid 
of  mercury,  zirc,  silver,  and  other  similar  preparations  can  be  tried  in  the 


Trachoma. 

Is  essentially  the  heritage  of  the  poor. 

Granulations  seem  to  be  deep  in  sub- 
stance of  tarsus;  oval  in  shape;  of  a 
grayish,  transparent  tint;  and  are 
seated  more  especially  in  the  fornix, 
which  they  cause  to  atrophy. 

Ulceration  rare. 

Gives  a special  form  of  pannus  begin- 
ning on  upper  part  of  cornea;  corneal 
ulcer  frequent. 

Conjunctiva  never  bluish  white,  but  a 
bright  or  dark  red. 

Cicatricial  tissue  on  tarsus  and  fornix 
always  left;  after  pannus  there  may 
be  fixed  opacity  of  the  cornea. 

All  these  substances  are  beneficial  in  the 
treatment  of  this  disease. 
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form  of  solutions.  Van  Milligen,  who  saw  much  of  this  disease  in  Con- 
stantinople, advises  the  use  of  a solution  of  acetic  acid  (from  1 to  20 
grains  to  the  ounce),  but  this  remedy  is  not  well  borne.  Magnani,  of 
Turin,  and  Gallenga,  of  Parma,  use  ice-cold  packs,  which  are  applied  to 
the  eyes  for  ten  minutes  at  a time  five  or  six  times  a day.  Danvers  lays 
stress  upon  the  examination  of  the  nose  and  pharynx  as  preliminary  to  the 
ocular  treatment.  Darier  states  that  in  vernal  conjunctivitis  silver  and 
copper  are  valuable  only  when  there  is  an  abundant,  stringy,  muco-purulent 
discharge,  and  that  the  pericorneal  form  of  the  disease  is  to  be  treated  by 
massage  with  mercurial  ointment  made  with  lanolin.  Davidson  and  Law- 
son  have  used  radium  with  excellent  results.  Bandolph  uses  salicylic  acid 
in  solution  (1  per  cent.)  and  as  an  ointment.  If  there  is  much  pericorneal 


Fig.  210. — Section  of  growth  in  the  bulbar  type  of  vernal  conjunctivitis. 

(Danvers.,  X 100. 

The  epithelial  covering  is  prolifera  ed  Mid  sends  long,  thin  processes  into  the 
connective  stroma.  In  transverse  section  the  processes  resemble  the  nests  of 
epithelioma. 

injection  atropin  and  smoked  glasses  are  to  be  used.  Attention  to  the 
general  health  is  of  importance,  and  often  a course  of  quinin,  arsenic,  or 
iron  will  be  needed. 

Surgical  treatment  of  vernal  conjunctivitis  is  admissible  in  the  tarsal 
type.  The  lid  should  be  everted,  and  the  growths  should  be  cut  off  with 
scissors.  The  hypertrophies  around  the  cornea  have  been  excised,  burned 
by  the  electron utery,  or  destroyed  by  electrolysis,  but  the  results  have  not 
been  satisfactory.  If  a single  tumor  of  the  bulbar  conjunctiva  is  present, 
it  should  be  removed  for  diagnostic  purposes  (Danvers).  Brossage  is  em- 
ployed by  some  surgeons. 

lurulent  Conjunctivitis  (Purulent,  or  Gonorrheal,  Ophthalmia;  Oph- 
thalmia Neonatorum;  Ophthalmoblennorrhea  Neonatorum). — Ordinarily  by 
these  terms  is  meant  an  acute  contagious  conjunctivitis  due  to  the  gono- 
coccus of  Neisser,  occurring  either  in  infants  within  a few  days  following 
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birth  or  in  adults.  In  the  former  the  disease  is  known  as  the  ophthalmia 
of  the  newborn;  in  the  latter  it  is  called  gonorrheal  ophthalmia.  It  has 
been  shown  recently  by  Groenouw  that  the  bacillus  coli  communis,  asso- 
ciated with  other  microorganisms,  was  present  in  six  of  forty  cases  of  oph- 
thalmia neonatorum.  Bietti  has  reported  a case  of  blennorrhea  in  a new- 
born child  in  which  only  the  colon  bacillus  was  found.  The  staphylococcus 
and  streptococcus  in  exceptional  cases  are  known  to  cause  purulent  oph- 
thalmia indistinguishable  by  clinical  signs  from  mild  cases  caused  by  the 
gonococcus.  Rapidly  extending  necrosis  of  the  cornea  with  abundant 
purulent  secretion  may  be  due  to  infection  by  the  Klebs-Loefller  bacillus  in 
cases  of  localized  diphtheritic  conjunctivitis.  In  view  of  these  facts  it 
becomes  necessary  to  modify  the  definition  of  ophthalmia  neonatorum. 
The  medico-legal  importance  of  these  observations  should  not  be  overlooked 
by  the  surgeon,  who,  in  the  absence  of  a careful  bacteriologic  examination, 
is  not  justified  in  making  positive  statements  as  to  the  etiology  of  a case 
of  purulent  ophthalmia.  Hence  the  subject  of  purulent  ophthalmia  will 
be  considered  under  these  heads:  (1)  goporrheal  ophthalmia  of  the  adult; 
(2)  gonorrheal  ophthalmia  of  the  newborn;  ('3)  purulent  ophthalmia  not 
due  to  the  gonococcus. 

Gonorrheal  Ophthalmia  of  the  Adult. — This  disease,  which  occurs  more 
frequently  in  males  than  in  females,  is  due  to  inoculation  of  the  conjunctiva 
with  secretion  from  a mucous  membrane  which  is  affected  with  inflamma- 
tion due  to  the  gonococcus  of  Neisser.  The  pus  from  a vaginal  or  urethral 
gonorrhea,  or  the  discharge  from  a gleet,  is  conveyed  to  the  eye  by  scch 
media  as  the  fingers,  handkerchief,  towel,  or  washbowl.  It  is  improbable 
that  the  gonococcus  is  carried  by  the  air.  Gonorrheal  ophthalmia  oi  the 
adult  is  always  a serious  disease.  It  is  characterized  by  great  swelling  of 
the  lids,  a copious  secretion  of  pus,  a tendency  to  involvement  oi  Lne  cornea, 
and  marked  constitutional  disturbance. 

Symptoms. — The  period  of  incubation  ranges  from  a few  hours  to 
three  days.  This  is  followed  by  the  period  of  infiltration,  lasting  two  or 
three  days,  which  begins  with  the  signs  of  an  acute  ^atarrhal  conjunctivitis. 
Soon  the  eyelids  become  hard,  swollen,  and  brawny,  the  upper  lid  often  be- 
coming enormously  enlarged  and  hanging  o/er  .he  cheek.  The  conjunctiva 
of  the  lids  and  fornix  becomes  much  swelled,  and  often  minute  hemor- 
rhagic spots  are  seen  inside  the  lids.  The  conjunctiva  is  hard,  rough,  and 
granular  from  infiltration  of  seroplnstic  lymph,  and  presents  a deep-red, 
velvety  appearance.  The  ocular  conjunctiva  is  greatly  swelled  and  forms  a 
ring  around  the  cornea  (chemosis)  and  may  protrude  between  the  lids. 
During  the  acute  stage  the  discharge  is  watery  and  sanious,  and  is  streaked 
with  flakes  of  mucus.  T1  ere  is  great  pain  in  and  around  the  eye.  The 
pre-auricular  glards  ar*  tender  and  swollen  and  may  suppurate.  There  is 
a rise  of  temper atui  y both  local  and  general,  and  often  the  patient  becomes 
much  weakened  by  the  inflammation.  During  this  stage  eversion  of  the 
lids  is  impossible  without  the  outer  can  thus  be  cut. 
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In  the  stage  of  purulent  discharge  the  lids  become  less  hard  and  tender, 
the  secretions  are  distinctly  purulent,  and  the  inflammatory  symptoms  are 
less  marked.  Enormous  quantities  of  yellow  or  yellowish-green  pus  ooze 
out  of  the  conjunctival  sac  and  flow  down  upon  the  cheek.  This  stage  con- 
tinues for  two  or  three  weeks,  and  is  succeeded  by  the  stage  of  convalescence 
or  papillary  swelling.  The  conjunctiva  may  return  gradually  to  the  normal 
condition  or  may  pass  into  a state  of  chronic  blennorrhea,  in  which  there 
is  general  redness  and  thickening  of  the  membrane,  with  the  presence  of 
enlarged  papillae.  The  entire  course  of  the  disease  lasts  six  or  eight  weeks. 

This  disease  presents  various  clinical  pictures  according  to  its  severity. 
As  a rule,  the  mildest  cases  are  those  due  to  gleet;  the  severest  result  from 
infection  with  pus  from  a violent  gonorrhea,  the  discharge  from  the  vagina 
or  urethra  being  thick  and  yellowish.  In  severe  cases  a croupous  deposit 
may  be  seen  on  the  conjunctiva;  in  mild  cases  its  surface  is  covered  with 
flakes  of  lymph,  which  are  easily  detached.  In  the  severest  cases  a deep 
infiltration  exists  like  that  which  is  seen  in  diphtheritic  conjunctivitis. 

Etiology  and  Diagnosis. — The  disease  is  due  to  the  gonococcus  of 
Neisser  (Eig.  3,  Plate  IX),  which  occurs  as  a diplococcus  and  sometimes 
in  a tetracoccus  form.  It  is  readily  stained  with  aqueous  solutions  °f  ann  n 
dyes,  and  is  decolorized  by  Gram's  method.  Chartres  states  that  the  serious 
ophthalmias  are  those  produced  by  streptococci,  or  by  streptococci  and 
gonococci,  or  by  a combination  of  these  with  other  bacteria. 

The  diagnosis  of  gonorrheal  conjunctivitis  is  usually  easily  made  by 
the  history  of  the  patient  and  by  the  symptoms  described  above;  in  case 
of  doubt  a bacteriologic  examination  should  be  made. 

Complications. — These  are  numerous,  ann  may  be  immediate  or 
remote.  That  which  is  most  dreaded  is  cornea1  involvement.  This  structure 
may  present  a dull  hazy  look  a few  days  after  the  commencement  of  the 
inflammation.  Small  oval  ulcers  form  irjund  the  limbus.  These  may  be 
comparatively  clean  or  may  be  surrcuLTed  by  a zone  of  infiltration;  or 
large  central  ulcers  may  be  found  Tr*  corneal  lesions  may  heal  or  may 
go  on  to  perforation.  They  are  due  to  two  factors : pressure  on  the  vessels 
and  infection.  Perforation  of  a central  ulcer  permits  the  escape  of  aqueous 
humor ; the  lens  comes  fc  rwa  *d,  closing  in  the  opening,  which  is  sealed  by 
the  deposition  of  lymph,  neaccumulation  of  aqueous  is  then  followed  by 
reposition  of  the  lenc,  which  carries  with  it  a tag  of  lymph,  thus  forming 
an  anterior  polar  caiaract.  Sometimes  the  iris  becomes  adherent  to  the 
posterior  surfac  3 of  the  cornea,  producing  the  condition  known  as  anterior 
synechia.  It  the  perforation  occurs  in  an  ulcer  situated  peripherally,  the 
iris  is  sure  h)  become  adherent  in  the  scar  following  the  healing  process, 
and  thus  is  established  an  adherent  leucoma.  Perforation  may  be  followed 
by  infection  of  the  ciliary  body  and  chorioid,  ending  in  destruction  of  the 
pj  e by  panophthalmitis , or  in  the  slow  shrinking  of  the  globe,  which  char- 
acterizes phthisis  bulbi.  The  inflammatory  process  weakens  the  cornea, 
and  often  the  intra-ocular  pressure,  acting  on  such  a softened  structure,  leads 
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to  staphyloma  (see  “Cornea”).  In  a few  cases  iritis  occurs  apart  from 
perforation. 

Prognosis. — The  prognosis  of  gonorrheal  ophthalmia,  which  is  always 
a serious  disease,  will  depend  on  the  violence  of  the  inflammation,  the 
intelligence  of  the  surgeon,  the  faithfulness  of  the  nurse,  and  the  character 
of  the  treatment.  An  incompetent  surgeon  will  lose  nearly  all  the  eyes  he 
treats;  a competent  one  will  occasionally  have  a bad  result.  In  young 
persons  the  prognosis  is  more  favorable  than  in  elderly  individuals.  The 
greater  the  chemosis,  the  greater  the  danger  of  corneal  complications. 
Marginal  ulcers  are  not  so  serious  as  central  ones.  Much  can  be  foretold 
by  the  appearance  of  the  cornea.  If  it  be  cloudy  early  in  the  disease,  the 
outlook  is  bad;  if  milky,  the  cornea  surely  will  slough.  Sudden  pain  in 
the  course  of  gonorrheal  ophthalmia  means  a perforation  of  the  cornea  or 
the  establishment  of  iritis.  If  the  eyeball  is  not  perforated  and  lost, 
vision  may  be  so  much  reduced  by  scarring  of  the  cornea  as  to  be  practically 
valueless. 

Prophylaxis. — Whenever  called  to  treat  a case  of  gonorrhea  the 
surgeon  should  warn  the  patient  of  the  danger  of  infecting  his  eyes.  If 
one  eye  is  already  infected,  the  other  should  be  immediately  sealed  up  by 
means  of  Buller’s  shield,  which  is  a watch-glass  placed  between  two  pieces 
of  strong  adhesive  plaster  or  pieces  of  rubber.  This  is  placed  over  the 
unaffected  eye  and  is  securely  sealed  above  and  on  the  nasal  and  temporal 
sides,  leaving  an  aperture  below  for  the  air.  Wherever  possible,  cases  of 
gonorrheal  ophthalmia  should  be  isolated. 

Treatment. — It  may  happen  that  the  surgeon  gets  his  eye  inject  jd 
when  examining  a patient,  or  is  present  when  the  accident  happens  to 
another.  In  such  an  event  the  conjunctiva  is  to  be  washed  out  w'th  boric 
acid  solution,  and  a strong  solution  of  nitrate  of  silver  (gr.  x-xxx  to 
53)  is  to  be  applied  to  the  membrane.  This  treatment  may  abort  the  dis- 
ease. It  is  applicable,  however,  only  to  the  period  immediately  following 
the  infection. 

The  treatment  of  a case  of  gonorrheal  opbLnalmia  will  depend  upon 
the  stage  of  the  disease.  In  the  period  of  ir  filtration  cold  applications  are 
useful.  They  should  be  applied  day  and  nig±A  m this  manner : Pieces  of 
linen,  or  gauze,  each  two  inches  square  several  layers  in  thickness,  are 
to  be  placed  on  a cake  of  ice  near  the  patient’s  bed.  Every  two  minutes 
the  pieces  are  changed,  the  one  removed  from  the  eye  being  destroyed. 
In  mild  cases  it  will  suffice  to  r»se  this  treatment  only  during  the  day. 
Pads  of  absorbent  cotton  can  be  used  in  place  of  linen.  The  patient’s  bed 
should  be  narrow  and  capable  of  being  approached  from  either  side.  The 
room  should  be  well  ventilated  and  scantily  furnished.  Vessels  should  be 
at  hand  for  the  collection  and  immediate  destruction  of  all  materials 
coming  in  contact  w’th  the  discharge. 

Aside  from  the  use  of  cold  and  attention  to  the  general  condition 
of  the  patient  there  is  little  to  be  done  in  the  acute  stage.  The  bowels 
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should  be  kept  open.  The  pulse  can  be  kept  down  by  aconite  or  veratrum. 
When  pain  is  severe  one  of  the  opium  preparations  should  be  used.  Where 
the  lids  are  greatly  swollen  a canthotomy  will  be  in  order.  When  this 
operation  is  necessary  a general  anesthetic  should  be  given.  With  a pair 
of  strong  scissors  the  tissues  at  the  outer  canthus  are  to  be  cut  down  to 
the  bone.  The  chemotic  conjunctiva  can  then  be  felt.  If  hard,  it  is  to  be 
scarified  in  lines  radiating  from  the  cornea.  This  treatment  relieves  the 
blood-vessels  and  removes  the  pressure  on  the  eye.  The  cul-de-sac  can 
then  be  irrigated  with  warm  boric  acid  (1  per  cent.)  or  bichlorid  solution 
(1  to  4000). 

In  the  stage  of  purulent  discharge  the  chief  indications  for  treatment 
are:  (1)  cleanliness  and  (2)  the  use  of  germicides  and  reducing  agents. 
The  cold  applications  are  now  discontinued  and  the  surgeon  aims  to  keep 
the  pus  from  accumulating  by  cleansing  the  conjunctiva  every  half-hour 
or  hour  during  the  time  that  the  secretion  is  abundant.  This  will  require 
both  a day  and  a night  nurse.  The  eye  is  to  be  cleansed  by  gently  sepa- 
rating the  lids,  mopping  up  the  pus  with  absorbent  cotton,  and  washing  the 
cul-de-sac  with  a boric-acid  solution  by  means  of  a pipette.  Many  ingenious 
instruments  have  been  devised  for  lifting  the  eyelid  and  at  the  same  time 
throwing  a stream  of  water  on  to  the  conjunctiva.  All  such  Cji  tri  nances 
are  to  be  avoided  as  dangerous  to  the  cornea  in  the  hands  u*  u,il  except 
possibly  their  inventors.  The  kind  of  antiseptic  solution  t sed  is  of  little 
moment  as  long  as  it  is  not  too  strong.  The  chief  indication  is  to  prevent 
the  accumulation  of  pus.  Boric  acid  (3  per  cent.),  uichlorid  of-  mercury 
(1  to  15,000),  or  permanganate  of  potassium  K1  lo  5000)  may  be  used 
with  equal  success.  The  solution  chosen  should  ho  warm. 

After  the  stage  of  infiltration  is  over  and  the  lids  can  be  gently  turned, 
a germicide  should  be  applied  to  the  conjunctiva.  The  nitrate  of  silver 
(1  or  2 per  cent.)  solution  has  stood  the  test  of  time.  It  is  used  once 
daily,  and  need  not  be  neutralized.  Of  late  years  protargol  in  5-  to  40- 
per-cent.  strength  solutions  has  beer  used  by  many  ophthalmic  surgeons. 
It  does  not  possess  any  advantage  over  silver.  The  presence  of  a croupous 
membrane  contra-indicates  tbe  use  of  silver.-  In  such  cases  peroxid  of 
hydrogen  should  be  applied.  In  the  last  stage  of  the  disease,  when  the 
papillary  hypertrophic-  appear,  the  application  of  a weak  solution  of  silver 
(gr.  j to  §j),  or  the  stick  of  alum,  will  be  in  order. 

The  treatmeit  (f  corneal  ulceration  is  preventive  and  curative.  The 
former  include.’  canthotomy  to  relieve  pressure  on  the  globe,  incision  of 
chemosis  to  prevent  strangulation  of  the  minute  vessels  which  ramify  in 
the  periphery  of  the  cornea,  and  frequent  cleansing  of  the  conjunctiva  to 
prevent  accumulation  of  pus  and  infection  of  the  cornea.  The  curative 
measures  are  the  use  of  atropin  (gr.  iv  to  §j)  thrice  daily  and  the  frequent 
washing  of  the  ulcer  with  formalin  (1  to  2000).  The  latter  is  the  only 
antiseptic  having  the  property  of  penetrating  tissues.  It  is  the  aqueous 
solution  of  a gas  (hence  the  bottle  must  be  well  stoppered),  and  is  of  great 
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value  in  the  treatment  of  corneal  ulceration.  To  prevent  prolapse  of  the 
iris,  in  case  a marginal  ulcer  shows  impending  perforation,  eserin  (V10 
to  V5  of  1 per  cent.)  is  to  be  used,  provided  iritis  is  not  present.  Unfortu- 
nately this  drug  increases  iris-hyperemia,  and  cannot  be  employed  in  iritis. 

Ophthalmoblennorrhea  Neonatorum. — This  is  an  acute  inflammatory 
conjunctivitis  occurring  in  the  newborn,  and  is  due  to  the  gonococcus. 

Symptoms. — Usually  on  the  second  or  third,  less  often  on  the  fourth 
or  fifth,  day  the  infant  shows  a redness  of  the  eyelids  with  a muco-purulent 
discharge.  Slight  redness  of  the  conjunctiva  is  succeeded  by  great  swelling 
of  the  lids,  chemosis,  and  abundant  purulent  discharge  (Fig.  5,  Plate  X). 
Generally  one  eye  is  infected  first,  and  if  promptly  treated  the  process 
is  much  less  severe  in  the  second  eye.  The  symptoms  are  the  same  as  in 
gonorrheal  ophthalmia  of  the  adult,  although  in  the  case  of  the  infant  the 
process  is  less  severe  and  corneal  complications  are  less  frequent.  The  chief 
danger  is  to  the  cornea.  There  is  great  swelling  of  the  retrotarsal  fold, 
and  when  the  upper  lid  is  everted  the  fornix  comes  into  view  as  a red,  rough, 
suppurating  mass  resembling  granulations.  • In  some  cases,  where  the  swell- 
ing of  this  fold  is  great,  the  upper  lid  becomes  everted  spontaneously  when 
the  child  cries. 

Etiology. — The  disease  is  due  to  inoculation  by  the  gonococcus  either 
while  the  child  is  passing  through  the  maternal  passage  or  shortly  there- 
after. In  a few  cases  it  is  evident  that  the  infection  must  have  occurred 
in  uiero , since  the  disease  was  present  at  birth.  Strzeminski  believes  that 
the  gonococcus  can  penetrate  the  intact  fetal  membranes.  Infection  xS 
common  in  slow  labors  and  in  face  presentations.  Vaginal  secretion,  which 
is  adherent  to  the  eyelashes  and  lid-margins,  may  gain  access  to  die  con- 
junctiva when  first  the  child  begins  to  open  and  close  its  eyes.  Hough  at- 
tempts at  washing  may  introduce  the  infection  into  the  cul-de-sac.  There 
are  cases  of  purulent  ophthalmia  in  the  newborn  which  are  dne  to  infection 
by  bacteria  other  than  the  gonococcus,  as  will  be  explain^  Liter  on. 

Diagnosis. — This  should  present  no  difficulty.  Any  redness  or  dis- 
charge about  the  eyes  of  an  infant,  occurring  during  tne  first  week  of  life, 
is  to  be  regarded  as  gonococcic  infection  uness  i,acteriologic  examination 
shows  the  contrary. 

Prognosis. — While  a serious  disease  when  recognized  early  and  prop- 
erly treated  few  cases  end  in  loss  of  the  eye,  although  often  the  cornea  is 
left  with  a small  cloud.  If  the  c?o0  Is  seen  while  the  cornea  is  clear  the 
prognosis  is  favorable,  except  in  diphtheritic  types  or  in  those  of  general 
malnutrition.  If  not  treated  promptly  and  properly,  80  per  cent,  of  these 
cases  will  end  in  blindness,  owing  to  the  sloughing  of  the  cornea.  At  the 
first  visit  the  surgeon  should  examine  the  cornea,  since  the  prognosis  depends 
on  its  condition. 

Prophylaxis. — In  no  other  disease  have  prophylactic  measures  met 
with  such  brilliant  'esults.  Vaginal  antiseptics  should  be  used  before  birth, 
and  immediately  after  delivery  the  child’s  eyes  are  to  be  washed  with 
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bichlorid  solution  (1  to  8000).  Then  a drop  of  2-per-cent,  strength  solu- 
tion of  silver  nitrate  is  to  be  placed  on  each  cornea.  This  causes  consid- 
erable reaction,  but  prevents  the  disease.  In  three  instances  fatal  bleeding 
from  the  conjunctiva  has  followed  the  prophylactic  application  of  silver. 
The  formation  of  small  corneal  opacities  is  of  more  frequent  occurrence. 
The  method  described  is  particularly  valuable  in  hospital  practice  and  in 
private  families  where  gonorrheal  infection  of  the  mother  is  suspected. 
A less  efficient  method  of  prophylaxis  is  the  cleansing  of  the  lids  with  a 
bichlorid  wash  and  the  irrigation  of  the  conjunctiva  with  5-per-cent,  boric 
acid  solution.  Other  prophylactic  applications  are  protargol  (20  per  cent.) 
and  perchlorid  of  mercury  (1  to  3000).  So  important  is  prophylaxis  by 
silver,  which  is  known  as  Crede’s  method,  that  in  some  foreign  countries 
its  practice  is  made  obligatory  by  law.  More  than  30  per  cent,  of  the 
inmates  of  German  and  Austrian  asylums  for  the  blind  were  rendered  sight- 
less by  ophthalmia  neonatorum.  Fuchs  states  that,  of  the  300,000  blind 
persons  in  Europe,  10  per  cent,  may  be  attributed  to  this  disease. 

Treatment. — The  same  principles  which  govern  the  surgeon  in  the 
treatment  of  gonorrheal  ophthalmia  in  the  adult  will  obtain  in  this  disease. 
Cleanliness  is  to  be  strictly  observed.  When  suppuration  begins,  the  averted 
lids  are  to  be  painted  once  daily  with  a 2-per-cent,  strength  solution  of 
nitrate  of  silver.  Where  the  granular  masses  are  abundant,  stronger  solu- 
tions (4  to  8 per  cent.)  can  be  used  until  the  flow  of  pus  becomes  less; 
then  the  weaker  solution  is  used  until  the  child  is  well.  Strong  solutions 
of  silver  must  not  be  brought  into  contact  with  the  cornea.  Toward  the 
latter  part  of  the  treatment  a weaker  solution  (gr.  as  lo  §j)  is  to  be  used. 
Corneal  complications  are  to  be  treated  as  in  the  adult,  except  that  the 
atropin  solution  must  be  a weak  one  (gr.  l/4-j  to  §j). 

Non-gonorrheal  Purulent  Conjunctival”.— Under  this  head  it  is  pro- 
posed to  describe  briefly  those  cases  of  ru  -ulent  ophthalmia  presenting  the 
clinical  signs  of  gonococcic  infectior,  in  which  the  gonococcus  is  shown  by 
bacteriologic  examination  to  be  absent.  The  importance  of  a demonstration 
of  the  presence  or  absence  of  the  gonococcus  is  unappreciated  by  many  sur- 
geons; yet  it  has  a direct  bearing  on  questions  of  veracity  and  on  the  treat- 
ment. Grandclement  states  that  if  strong  solutions  of  silver  are  used  in 
non-gonorrheal  purulent  conjunctivitis  the  danger  of  corneal  suppuration 
is  increased.  Myles  blandish  insists  that  in  all  cases  of  purulent  conjunc- 
tivitis the  diagnosis  should  depend  on  the  bacteriologic  findings,  not  on  the 
clinical  appearance.  He  states  that  ulcers  of  the  cornea  with  very  rapid 
necrosis  may  he  due  to  the  Klebs-Loeffler  bacillus.  In  such  cases  diphtheria 
antitoxin  gives  favorable  results  as  regards  both  the  conjunctivitis  and  the 
cornea]  complication.  Francisco,  in  a study  of  40  cases  of  ophthalmia 
neonatorum,  found  the  gonococcus  in  30,  and  in  several  of  the  remaining 
cases  the  Koch- Weeks  bacillus  was  present.  The  average  duration  of  the 
gonococcic  cases  was  53  days;  of  the  non-gonococcic  cases,  36  days.  Pari- 
naud  mentions  cases  of  conjunctivitis  in  the  newborn  in  which  there  is 
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little  pus,  much  lacrimation,  and  moderate  palpebral  injection.  In  these 
cases  the  pneumococcus  is  present.  Groenouw  found  the  bacillus  coli  com- 
munis in  6 of  40  cases  of  ophthalmia  neonatorum,  and  Bietti  has  reported 
a case  in  which  the  colon  bacillus  was  the  only  microorganism  found. 
Haglund  found  the  diplococcus  intracellular  is  meningitidis  in  the  conjunc- 
tival secretion  of  a boy  whose  eye  was  lost  by  a purulent  inflammation. 
Recently,  in  St.  Louis,  several  cases  of  purulent  ophthalmia  in  babes  have 
been  shown  to  be  due  to  the  bacillus  coli  communis. 

Treatment. — In  cases  of  non-gonorrheal  purulent  conjunctivitis  the 
treatment  will  include  cleanliness,  the  use  of  antiseptics,  and  attention 
to  the  general  condition  of  the  patient.  If  the  Klebs-Loeffler  bacillus  is 
present  the  antitoxin  of  diphtheria  is  to  be  employed. 

Croupous  Conjunctivitis  (Pseudomembranous,  Plastic,  or  Membranous 
Conjunctivitis) . — This  disease  is  characterized  by  the  formation  of  an 
exudate  on  the  conjunctiva,  where  it  coagulates  and  forms  a membrane. 

Etiology. — Croupous  conjunctivitis  is  the  result  of  many  different 
causes,  the  chief  of  which  are  bacterial,  mechanical,  or  chemical.  Among 
the  bacterial  causes  are  the  Klebs-Loeffler  bacillus,  the  streptococcus,  the 
pneumococcus,  the  bacillus  of  Weeks,  the  gonococcus,  and  the  xerosis  bacil- 
lus. 

Loss  of  substance  of  the  conjunctiva  is  followed  by  a fibrinous  deposit 
under  which  healing  progresses.  This  process  is  seen  after  wounds — as, 
for  example,  after  tenotomy — and  after  injuries.  A formation  of  false 
membrane  follows  the  application  to  the  conjunctiva  of  an  irritant  which 
may  be  organic  (infusion  of  jequirity)  or  inorganic  (ammonia,  nitrate 
of  silver  in  strong  solutions) . By  painting  the  conjunctiva  with  ammonia 
Sourdille  was  able  to  produce  at  will  either  a croupous  or  a c ip)  theritic 
form  of  conjunctivitis,  according  as  the  strength  of  the  irritant  was  varied. 
The  same  result  can  be  had  by  the  application  of  jequirity.  There  is  a 
relationship  between  croupous  conjunctivitis  and  scrofiT*>  a^d  eczema.  Age 
is  an  etiologic  factor,  the  disease  having  not  been  ebs'u . ed  in  the  newborn 
and  rarely  among  adults,  while  it  is  found  in  the  mtjurity  of  cases  between 
the  sixth  month  and  seventh  year. 

The  relation  of  croupous  to  diphtheritic  conjunctivitis  has  been  the 
cause  of  much  controversy.  At  the  present  time  the  views  of  Coppez, 
who  finds  that  the  symptoms,  both  lcca1  and  general,  gradually  merge  in 
the  two  affections,  are  accepted  ckmie  cases  diagnosticated  as  croupous 
conjunctivitis  have  been  followed  by  fatal  systemic  infection,  and  others 
by  post-diphtheritic  paralysis.  Toe  croupous  deposit  on  the  conjunctiva 
may  be  present  coincident  with  diphtheria  of  the  throat,  and  in  some 
cases  of  croupous  conjunctivitis  the  true  diphtheria  bacillus  has  been 
found.  Coppez’s  view  oi  Lire  identity  of  these  affections  has  been  strength- 
ened by  therapeutic  te  >ts.  McQueen,  in  a case  where  the  clinical  diagnosis 
was  croupous  conjunctivitis,  and  the  membranes  which  re-formed  after 
removal  were  found  to  contain  diphtheria  bacilli,  injected  antidiphtheritic 
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serum  with  success.  Gossetti  and  Iona  found  the  diphtheria  bacillus  present 
in  6 of  29  cases  of  croupous  conjunctivitis.  While  the  last  word  has  not 
been  said  concerning  the  relationship  of  these  types  of  conjunctival  inflam- 
mation, it  is  necessary  to  distinguish  clinically  between  the  croupous  and 
diphtheritic  forms. 

Symptoms. — Croupous  conjunctivitis  presents  itself  as  a mild  or  as  a 
severe  type.  The  mild  form  begins  as  an  ordinary  conjunctivitis  followed  by 
swelling  of  the  lids,  which  are  soft,  pliable,  and  generally  are  not  painful  to 
the  touch.  The  characteristic  false  membrane  follows  in  a few  days.  It  is 
formed  in  the  fornices  and  tarsal  conjunctiva,  the  bulbar  portion  of  the  mem- 
brane being  exempt.  The  deposit  is  of  a grayish-white,  translucent,  porce- 
lain-like appearance.  When  stripped  off,  it  leaves  a raw  and  perhaps  a 
bleeding  surface : a diagnostic  point  which  serves  to  distinguish  it  from  the 
diphtheritic  form.  The  false  membrane  generally  disappears  in  about  two 
weeks.  The  signs  of  an  ordinary  conjunctivitis  reappear  and  regeneration 
becomes  complete.  The  cornea  is  rarely  involved. 

A recurring  form  has  been  described  in  which  the  membrane  is  formed 
again  and  again,  the  process  lasting  for  months  or  longer. 

The  severe  type  of  the  disease,  caused  by  streptococcic  infect:on  shows 
great  swelling  of  the  lids,  considerable  discharge,  and  rapid  obstruction 
of  the  cornea  due  to  the  spreading  of  the  exudation  upon  the  bulbar  con- 
junctiva. 

Diagnosis. — Croupous  conjunctivitis  may  be  confounded  with  diph- 
theritic and  gonorrheal  inflammations.  In  diphtheritic  conjunctivitis  the 
exudation,  instead  of  being  limited  to  the  surface,  involves  the  deeper 
layers  of  the  conjunctiva.  The  bulbar  portion  ot  this  membrane  is  involved 
and  corneal  ulceration  is  frequent.  In  gonorrheal  conjunctivitis  the  dis- 
charge is  much  more  purulent  than  in  the  ^oupous  form.  Croupous  con- 
junctivitis is  never  found  among  the  newborn.  As  a matter  of  fact,  the 
diagnosis  cannot  be  made  in  all  cases  by  the  clinical  signs.  Dependence 
can  be  placed  alone  upon  the  bact<  riclogic  findings. 

Treatment. — The  sound  ?ye  should  be  protected  by  a bandage  or  by 
a Buller  shield.  Nitrate  of  silver,  protargol,  and  other  irritants  are  posi- 
tively harmful  in  croupous  conjunctivitis.  Their  use  is  not  to  be  advised 
as  long  as  the  pseudomembrane  is  present.  The  local  application  of  iced 
compresses,  or,  if  the  putient  is  feeble,  the  employment  of  hot  applications, 
will  be  beneficial.  The  conjunctiva  is  to  be  washed  three  times  a day  with 
bichlorid  of  mercury  (1  to  5000),  boric  acid,  or  a normal  salt  solution. 
Some  surgeons  report  good  results  from  sprinkling  sulphate  of  quinin  on 
the  conjunctiva,  and  others  use  this  remedy  in  the  form  of  a lotion.  After 
catarrh i.  1 symptoms  have  become  established,  weak  solutions  of  silver  can 
be  ap  )liud  cautiously.  If  the  cornea  is  involved  a bacteriologic  examina- 
tion should  be  made.  If  the  Klebs-Loeffler  bacillus  is  found,  diphtheria 
antitoxin  should  be  used.  Aristol  has  been  recommended  as  a local  appli- 
cation in  croupous  conjunctivitis  with  corneal  ulceration. 
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Diphtheritic  Conjunctivitis,  which  is  rarely  seen  in  the  United  States 
and  in  England,  but  is  common  in  Germany  and  in  some  other  Continental 
countries,  is  an  extremely  serious  disease.  It  is  a specific  inflammation 
characterized  by  the  formation  of  an  exudate  on  and  within  the  layers  of 
the  bulbar  and  tarsal  conjunctiva. 

Symptoms. — Clinicians  distinguish  three  stages:  those  of  infiltration, 
suppuration,  and  cicatrization.  In  the  stage  of  infiltration,  which  lasts 
from  six  to  ten  days,  the  initial  symptoms  are  similar  to  those  attending 
purulent  ophthalmia,  with  the  addition  that  pain  is  more  severe  in  diph- 
theritic conjunctivitis.  The  lids  are  stiff  and  boardlike.  The  conjunctiva 
is  of  a gray  or  buff  color,  and  is  covered  with  an  exudation.  If  this  is 
stripped  off,  the  surface  beneath  is  of  the  same  color,  not  red  and  bleeding 
as  in  croupous  conjunctivitis.  The  bloodless  condition  of  the  conjunctiva, 
which  is  produced  by  coagulation  of  an  exudate  compressing  the  vessels, 
tends  to  produce  necrosis,  and  this  destructive  process  may  advance  so 
rapidly  that  the  eye  may  be  destroyed  within  twenty-four  hours.  There  is 
danger  of  corneal  necrosis  at  any  time  during  the  stage  of  infiltration. 
Patches  of  membrane  are  often  found  in  the  throat,  and  any  excoriated 
spots  about  the  cheeks,  nose,  or  mouth  readily  become  infected  when  brought 
into  contact  with  the  secretions. 

The  stage  of  infiltration  is  succeeded  gradually  by  that  of  suppuration. 
The  lids  become  softer,  the  fibrinous  exudate  disappears,  and  the  conjunc- 
tiva begins  to  look  reddish,  raw,  and  succulent.  A purulent  discharge  is 
present.  This  stage  ends  and  is  followed  by  that  of  cicatrization. 
leaves  the  conjunctiva  atrophic  and  shrunken,  with  frequently  great  0 3- 
formity  of  the  lids.  Thus,  trichiasis,  entropion,  symblepharon,  ^nd  even 
exophthalmos  may  be  produced.  Involvement  of  the  cornea,  wi  ich  is  a 
frequent  complication,  assumes  the  form  either  of  local  ul aeration  or  of 
diffuse  infiltration.  It  is  always  secondary,  there  being  l > such  process 
as  primary  diphtheria  of  the  cornea.  Coppez  states  tba,  ca  -es  reported  to 
have  been  primary  diphtheria  of  the  cornea  were  principally  instances  of 
corneal  diseases  from  other  causes  in  which  the  finding  of  the  xerosis 
bacillus  led  to  an  incorrect  diagnosis.  The  advent  of  corneal  involvement 
causes  great  pain,  and,  as  a rule,  the  process  occurs  early  in  the  case. 

Etiology. — Diphtheritic  conjunctive  is  due  to  the  Loeffler  bacillus 
(Fig.  2,  Plate  IX).  The  disease  occurs  chiefly  in  children  between  the 
ages  of  two  and  eight  years.  Genera11/  both  eyes  are  involved.  It  may 
occur  primarily,  or  may  be  secondary  to  nasal  or  faucial  diphtheria. 

Diagnosis. — The  chief  corneal  signs  of  croupous  and  diphtheritic 
conjunctivitis  having  beer  enumerated,  it  remains  to  be  said  that  the 
diagnosis  may  be  impossible  without  bacteriologic  examination.  Coppez 
states  that  there  is  a g^ojp  of  bacteria  (the  xerosis  bacillus,  the  pseudo- 
diphtheria bacillus  01  Hoffmann,  the  bacterium  septatum  of  Gelpke)  which 
can  be  distingui  ihed  from  the  true  diphtheria  bacillus  only  by  culture  or  by 
inoculation  ex]  »eriments.  To  make  certain  of  the  diagnosis  of  ocular  diph- 
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theria  he  advises  examination  of  cover-glass  preparations,  cultures  on 
serum-agar?  and  the  use  of  the  Ernest-Xeisser  double  coloration.  A com- 
petent bacteriologist  can  make  these  examinations  and  report  the  result 
the  first  day  the  case  is  seen.  Owing  to  the  general  presence  of  the  xerosis 
bacillus  in  the  conjunctiva,  the  making  of  a microscopic  examination  of 
the  discharge  is  less  valuable  here  than  in  faucial  diphtheria. 

Treatment. — In  this  disease  both  general  and  local  treatment  must 
be  employed.  Immediately  the  case  is  recognized  as  one  of  diphtheritic 
conjunctivitis,  an  injection  of  antitoxin  must  be  given.  The  earlier  this 
treatment  is  instituted,  the  less  will  be  the  danger  of  corneal  sloughing. 
The  injection  should  be  repeated  at  the  end  of  twenty-four  hours.  Im- 
provement should  be  noticeable  at  the  end  of  a few  hours.  If  the  antitoxin 
is  used  later,  the  beneficial  effect  will  be  slow  in  appearing.  When  the 
antitoxin  treatment  is  begun  early  the  cornea  can  be  saved  in  nearly  all 
cases. 

Locally  mild  antiseptic  washes  are  to  be  used.  To  protect  the  cornea 
from  friction  it  wrill  be  advisable  to  place  vaselin  in  the  cul-de-sac  twice 
daily.  The  sound  eye  should  be  covered  with  a Buller  shield. 

Phlyctenular  Conjunctivitis  (Conjunctivitis  Eczematosa;  Cciftfulous, 
Lymphatic,  or  Strumous  Ophthalmia;  Phlyctenular  OphthaLn ■ ?.) . — This 
is  a focal  type  of  conjunctival  and  corneal  inflammation  occurring  chiefly  in 
children  and  characterized  by  eruption  of  phlyctenulae  (Eig.  4,  Plate  X). 
These  are  accumulations  of  lymphoid  cells,  forming  red  or  ations  about  the 
size  of  a millet-seed  and  situated  upon  the  limbus  of  the  conjunctiva.  Soon 
the  epithelium  at  the  apex  of  the  phlyctena  separates,  the  underlying  tissue 
becomes  softened  and  breaks  down,  and  thi  s a minute  gray  ulcer  is  pro- 
duced. Often  the  same  process  occurs  simultaneously  in  the  cornea.  For 
this  reason  some  ophthalmic  writers  have  considered  the  disease  in  its 
entirety  under  one  heading,  devoting  i separate  chapter  to  it.  The  author 
will  treat  of  phlyctenular  conjunctivitis  in  this  place,  and  of  phlyctenular 
keratitis  in  the  succeeding  chapter,  it  being  understood  that  no  sharp  line 
of  demarcation  can  be  drawn  between  these  subjects. 

Etiology. — There  is  no  general  agreement  as  to  the  etiology  of 
phlyctenular  conjunctivitis  and  keratitis.  Horner  regarded  the  phlyctenulae 
as  merely  ocular  manifestations  of  eczema,  and  this  view  has  been  con- 
firmed recently  by  the  studies  of  Sydney  Stephenson.  He  found,  among  669 
cases  of  phlyctenular  affections  of  the  eye,  that  in  355  (53.06  per  cent.) 
eczema  was  present  on  examination,  had  been  present  previously,  or  is 
known  to  have  appeared  later.  He  demonstrated  eczematous  changes  in  the 
skin,  in  the  nasal  and  buccal  mucous  membranes,  and  in  the  external 
auditory  meatus.  The  phlyctenular  diseases  of  the  eye  go  hand  in  hand 
with  :uberculous  manifestations,  such  as  swelling  or  abscess  of  the  glands 
below  the  jaw,  joint  and  bone  lesions,  otorrhea,  dactylitis,  pulmonary 
phthisis,  and  scrofulodermata.  The  occasional  observation  of  phlyctenular 
conjunctivitis  and  keratitis  in  apparently  healthy  individuals  may  be  ex- 
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plained,  as  Gradle  states,  by  the  assumption  that  a small  tuberculous  focus 
has  been  overlooked.  Many  writers  assume  that  the  active  microorganism 
is  the  staphylococcus  pyogenes  aureus  or  albus,  which  is  present  under  the 
affected  epithelium.  Phlyctenular  ocular  disease  often  follows  measles  or 
scarlatina.  Rhinitis  is  always  present,  and  adenoid  vegetations  are  common. 
The  disease  often  is  associated  with  ascarides  and  lumbrici,  and  also  with 
caries  of  the  teeth.  Hereditary  syphilis  may  be  a factor.  The  disease  is 
occasionally  seen  in  adults. 

Symptoms. — The  subjective  symptoms  are  pain,  photophobia,  lacrima- 
tion,  and  blepharospasm.  The  child  avoids  the  light,  hides  in  a dark 
corner,  or  buries  its  head  in  a pillow.  Examination  is  difficult,  owing  to 
its  struggles,  and  separation  of  the  lids  requires  retractors.  The  child 
often  presents  a characteristic  strumous  appearance,  being  pale  and  thin, 
or  flabby.  Enlarged  cervical  lymphatic  glands,  adenoid  vegetations  in  the 
pharynx,  thick  lips,  eczema  of  the  nose  and  upper  lid,  and  purulent  otitis 
media  are  often  seen  in  these  children. 

Inspection  early  in  the  case  shows  vesicles  which  form  flattened 
prominences,  measuring  from  1 to  4 millimetres  in  diameter.  They  are 
of  a gravish-red  color  and  are  surrounded  by  reddened  conjunctiva.  A few 
days  later,  the  epithelium  having  been  cast  off,  ulcers  (phlyctenular  ulcers) 
appear.  These  are  smaller  than  the  vesicles,  because  of  a growth  of  epithe- 
lium from  the  periphery.  The  disease  may  present  one  or  several  phlyc- 
tenulae. After  a variable  time  these  heal  and  leave  no  scar  on  the  con- 
junctiva. When  appearing  on  the  cornea  a faint  scar  or  deep  cloud  may 
remain,  or  the  ulcer  may  perforate.  In  the  multiple  form  the  symptoms  a~e 
generally  much  more  complicated  and  relapses  are  common.  The  dx3oc.se 
is  not  contagious.  When  a phlyctenular  ulcer  advances  from  the  periphery 
toward  the  centre  of  the  cornea,  it  is  followed  by  a narrow  bana  of  vessels. 
The  name  fascicular  keratitis  (Fig.  8,  Plate  X)  has  been  given  to  this 
condition.  In  phlyctenular  conjunctivitis  there  is  abuicUnt  lacrimation 
with  little  or  no  discharge.  Eczema  and  blepharitis  marginal  is  are  often 
present.  The  life  period  of  each  phlyctena  is  from  a tew  days  to  several 
weeks. 

Diagnosis. — Attention  to  what  has  been  mei  tioned  will  prevent  errors 
in  diagnosis.  In  herpes  of  the  conjunctiva,  with  which  disease  phlyctenular 
conjunctivitis  may  be  confounded,  the  vesicles  are  transparent,  appear  in 
clusters,  and  do  not  show  a predilecticn  for  the  limbus.  Furthermore,  they 
are  more  transient.  In  spring  catarrh  the  elevations  are  larger  and  do  not 
ulcerate.  Trachoma  of  the  bulbar  conjunctiva  is  associated  with  the  same 
process  in  the  conjunctiva  of  the  lids  and  rarely  involves  the  limbus.  Aerie 
rosacea  of  the  conjunctiva  closely  resembles  phlyctenular  conjunctivitis. 
The  diagnosis  can  be  nu  de  from  the  fact  that  the  former  disease  occurs  only 
in  adults  who  at  the  same  time  present  acne  rosacea. 

Prognosis.-  Generally  this  is  favorable,  the  disease  yielding  promptly 
to  proper  treatment.  When  the  cornea  is  deeply  involved  scars  will  be  left. 

18 


274 


MODERN  OPHTHALMOLOGY. 


A small  number  of  cases  will  prove  refractory  to  the  most  careful  treatment. 
Localized  infiltrates,  not  the  phlyctenulae,  are  referred  to  here,  the  latter 
being  transient  lesions. 

Treatment. — Recognizing  that  phlyctenular  conjunctivitis  is  largely 
the  local  expression  of  a systemic  disturbance,  it  will  be  the  surgeon’s  duty 
to  find  the  cause  and  remove  it,  while  at  the  same  time  local  treatment  is 
to  be  employed.  Errors  of  diet  must  be  corrected,  and  it  is  well  to  exclude 
the  sugars  and  starches,  feeding  the  child  on  meats,  milk,  and  oatmeal. 
The  meals  should  be  given  with  regularity,  and  eating  between  them  or  the 
use  of  miscellaneous  articles  of  diet  must  be  forbidden.  The  child  with 
phlyctenular  conjunctivitis  or  keratitis  should  not  be  kept  indoors  or  in  a 
darkened  room.  On  the  contrary,  he  should  be  compelled  to  obtain  fresh 
air  and  sunlight.  The  eyes  should  not  be  bandaged.  The  skin  should  be 
kept  clean  and  the  bowels  open.  Often  the  use  of  calomel  internally  will 
improve  the  health.  The  palatable  preparations  of  iron,  codliver-oil,  and 
of  quinin  can  often  be  employed  with  benefit.  The  syrup  of  the  iodid  of 
iron,  20  or  30  drops  three  times  a day  after  meals,  is  an  accepted  remedy. 
In  those  cases  which  do  not  respond  to  the  general  treatment  just  men- 
tioned, and  the  local  measures  to  be  described,  the  salicylate  of  scrL  sho  lid 
be  used  internally  in  large  doses  (gr.  iij  every  four  hours,  for  , child  of 
five  years).  The  effects  must  be  carefully  watched,  depression  tinnitus 
being  signals  for  the  temporary  interruption  of  the  doses.  If  this  treat- 
ment is  not  followed  by  improvement  after  a few  davs,  it  will  be  useless 
to  continue  it  (Gradle). 

Locally  the  use  of  atropin  is  indicated.  Where  th  re  is  much  irritation 
holocain  can  be  used  occasionally.  If,  as  is  gex'^ally  the  case,  the  child 
comes  to  the  surgeon  after  the  vesicles  have  burst,  mercury  should  be  used 
locally.  There  is  probably  no  mercurial  preparation  more  efficient  than  a 
properly  prepared  ointment  of  the  yellf  w oxid  (gr.  j to  oj).  A small  piece 
of  this  remedy  is  to  be  placed  under  Hie  upper  lid,  once  a day,  by  means 
of  a probe.  The  eye  is  then  to  he  passaged.  Finely  powdered  calomel 
dusted  on  to  the  ulcers  is  an  appi  "‘priate  application.  It  should  not  be  used 
if  the  patient  is  taking  iodid  cf  potassium  internally,  since  the  potassium 
iodid  in  the  tears,  uniting  with  the  calomel,  will  form  double  iodids  and 
cause  irritation.  The  treatment  with  the  yellow  oxid  must  be  continued  for 
ten  days  after  all  signs  of  redness  have  disappeared.  The  patient’s  refrac- 
tion should  then  be  examined.  In  addition  to  the  treatment  outlined  above 
it  will  be  nece.  sauy  to  give  attention  to  the  concomitant  lesions  of  the  nose, 
ear,  skin,  pharynx,  and  lymphatic  glands. 

HerptA  of  the  Conjunctiva  (Herpes  Simplex). — Herpes  of  the  con- 
junctive, occurring  apart  from  herpes  zoster  ophthalmicus,  is  a very  rare 
ah  ctnn  In  it  vesicles  are  found  on  the  bulbar  conjunctiva  between  the 
Hmbus  and  canthus.  They  appear  in  clusters  and  often  the  cornea  is 
involved  simultaneously.  The  disease  occurs  chiefly  in  adults.  Photophobia 
and  abundant  lacrimation  are  marked  symptoms.  The  intact  vesicles  are 
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rarely  seen,  because  they  rupture  early.  They  leave  small  ulcers  to  which 
shreds  of  epithelium  are  attached.  The  disease  is  to  be  distinguished  from 
phlyctenular  conjunctivitis  by  the  description  given  above.  It  is  to  be 
treated  by  attention  to  the  general  health  and  by  the  use  of  the  yellow  oxid 
ointment. 

Papular  Conjunctivitis. — A few  cases  have  been  recorded  of  papular 
conjunctivitis.  Schreiber  has  described  the  case  of  a man,  aged  twenty-one 
years,  who  presented  eroded  papules  on  the  genitals,  and  later  similar 
papules  appeared  on  the  bulbar  conjunctiva.  The  condition  was  considered 
phlyctenular  until  the  presence  of  a peculiar  efflorescence  led  to  the  em- 
ployment of  specific  treatment,  under  which  the  disease  rapidly  disappeared. 

Pemphigus  of  the  Conjunctiva. — This  rare  disease,  which  was  ob- 
served by  Homer  3 times  in  70,000  eye  cases,  is  characterized  by  the  devel- 
opment of  successive  crops  of  bullae.  Pain,  photophobia,  and  lacrimation 
are  prominent  symptoms.  The  disease  is  generally  associated  with  pem- 
phigus of  other  parts  of  the  body,  such  as  the  nose^  mouth  or  throat,  or 
skin.  The  bullae,  which  begin  in  the  fornix* or  bulbar  conjunctiva,  rupture 
and  leave  grayish,  ulcerated  areas.  These  slowly  cicatrize,  causing  shrink- 
ing and  deformity.  Meanwhile  other  bullae  appear.  Thus,  the  process 
continues  for  months  or  years.  The  conjunctiva  becomes  dry;  meridional 
bands  pass  between  the  lids  and  the  globe,  forming  the  condition  known  as 
symblepharon  posterius,  and  in  severe  cases  there  is  complete  obliteration 
of  the  cul-de-sac  (total  symblepharon).  The  margins  of  the  lids  may  be- 
come adherent  (ankyloblepharon).  Ulcers  appear  on  the  cornea,  which 
becomes  opaque  and  staphylomatous.  Thus,  vision  is  lost.  The  cauL°.  oi 
the  disease  is  unknown,  and  treatment  is  of  little  use.  Lawson  aa  rocates 
the  dissection  of  the  lid  from  the  globe,  the  raw  surfaces  being  co^s  ere  I with 
Thiersch  grafts.  Arsenic  may  be  given  internally.  Essential  atrophy  of 
the  conjunctiva  (Fig.  3,  Plate  X)  seems  to  be  due  to  pemphigus,  although 
some  writers  describe  it  as  an  independent  disease. 

Parinaud’s  Conjunctivitis  (Lymphoma  of  the  Cooiunctiva). — This  is 
a rare  and  peculiar  form  of  conjunctival  disease  which  has  been  studied  by 
Parinaud,  Gifford,  Goldzieher,  Despagnet,  ami  Dominique.  It  is  charac- 
terized by  the  development  of  gigantic  lymph-follicles  in  the  conjunctiva 
and  by  the  presence  of  lymphomata  in  the  nock  on  the  same  side  as  the  dis- 
eased eye.  The  infection  is  supposed  to  be  of  animal  origin,  but  this  has  not 
been  proven  and  a specific  microorga’ mm  nas  not  been  demonstrated.  The 
disease  begins  suddenly  with  great  thickening  of  the  lids.  There  is  a 
muco-purulent  discharge,  which  may  be  abundant  or  scanty.  Within  the 
first  week  or  two,  large,  polypoid,  pedunculated  granulations  appear  on  the 
tarsi,  in  the  fomices,  or  the  ocular  conjunctiva,  or  in  all  these  places. 
Coetaneous  with  the  conymctivitis^  the  pre-auricular  and  retromaxillary 
glands  swell  and  in  some  cases  the  cervical  and  submaxillary  glands  are 
similarly  affected.  The  swelling  may  attain  enormous  proportions  and 
suppuration  frequently  occurs.  There  are  rigors  and  a rise  of  temperature. 
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With  one  exception,  in  all  the  cases  so  far  recorded,  the  disease  has  been 
unilateral.  Spontaneous  cure  occurs  in  from  two  to  six  months,  the  dis- 
ease being  rebellious  to  treatment.  The  visible  granulations,  which  at  first 
are  red  or  grayish  red,  often  hide  smaller  ones,  which  are  yellowish.  They 
may  become  eroded.  The  disease  is  easily  differentiated  from  trachoma, 
but  not  from  tuberculosis.  The  prognosis  is  favorable,  since  the  conjunctiva 
becomes  normal  and  in  few  of  the  reported  cases  has  the  cornea  been 
involved. 

As  regards  treatment,  Parinaud  uses  nitrate  of  silver,  Abadie  favors  the 
galvanocautery,  Gifford  thinks  that  copper  sulphate  is  of  value,  and  other 
ophthalmologists  have  used  iodoform  ointment.  Ablation  and  expression 
of  the  granular  masses  have  been  tried  with  apparent  benefit. 

Lithiasis  of  the  Conjunctiva  (Uratic  Conjunctivitis). — This  disease 
is  characterized  by  a deposit  of  crystals  of  uric  acid  or  sodium  urate,  in 
the  acini  of  the  Meibomian  glands.  The  disease  is  associated  with  the  gouty 
or  rheumatic  diathesis.  Patients  with  lithiasis  complain  of  a pricking 
sensation  in  the  eyes  and  the  feeling  of  a foreign  body  under  the  lids. 
Examination  shows  the  deposits  existing  as  numerous  small  concretions 
of  a yellowish-white  color.  Both  the  palpebral  and  bulbar  portion."  of  the 
conjunctiva  are  hvperemic  and  the  anterior  scleral  vessels  i re  engorged. 
The  disease  is  more  common  in  elderly  than  in  young  subjects.  It  is  proper 
to  state  that  Herbert,  who  has  carefully  studied  the  conjunctival  changes 
produced  by  chronic  inflammation,  considers  “lithiasis,”  “infarcts  of  the 
Meibomian  glands,”  and  “mycosis”  as  cyst-form  "Hons  sequent  to  the  closing 
of  epithelial  tubules.  The  downgrowth  of  these  tubules  is  found  not  only 
in  papillary  trachoma,  but  also  in  all  forms  of  chronic  conjunctivitis.  The 
cheesy  material  found  in  these  cysts  results  from  the  accumulation  and 
degeneration  of  epithelial  and  wandering  cells.  The  treatment  consists  in 
removing  the  crystallized  masses  with  a cataract-needle  under  cocain  anes- 
thesia. This  treatment  is  to  be  followed  by  the  use  of  a boric  acid  wash 
locally  and  the  internal  administration  of  the  salts  of  lithia.  Attention 
to  the  general  health  is  required  in  these  cases.  The  disease  is  prone  to 
recurrence. 

Variolar  Conjunctivitis. — Hyperemia  of  the  conjunctiva  usually  accom- 
panies variola.  Abou,  the  fifth  day  of  the  eruption  the  conjunctiva  may 
show  a catarrhal  form  of  inflammation  which  readily  yields  to  simple  treat- 
ment. The  intensity  of  the  conjunctivitis  is  in  proportion  to  the  involve- 
ment "t  the  face  and  eyelids.  Pustules  rarely  form  upon  the  conjunctiva. 
When  they  occur  they  resemble  phlyctenulae.  A favorite  site  for  the  pus- 
tules is  the  area  between  the  corneal  margin  and  the  inner  or  outer  canthus. 
Pustules  may  appear  on  the  limbus,  in  which  event  corneal  ulceration  is 
likely  to  supervene.  Chance  states  that  pustules  may  form  on  the  tarsal 
conjunctiva  and  on  the  caruncle,  but  are  never  found  at  the  fornix.  In 
the  pustular  type  of  variolar  conjunctivitis  severe  inflammatory  symptoms, 
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such  as  chemosis  and  profuse  discharge,  are  present.  Subconjunctival 
hemorrhages  may  occur  in  hemorrhagic  variola. 

In  the  treatment  of  the  conjunctivitis  of  variola  mild  antiseptic  solu- 
tions should  be  used. 

Chronic  Conjunctivitis  is  a common  disease  in  the  aged,  and  is  char- 
acterized chiefly  by  hyperemia,  swelling  of  the  caruncle,  hypertrophy  of  the 
papillary  layer  of  the  conjunctiva,  and  a scanty  muco-purulent  discharge. 
It  may  be  the  result  of  an  acute  catarrhal  conjunctivitis,  of  an  error  of 
refraction,  of  lacrimal  disease,  of  nasal  inflammation,  of  excessive  near 
work,  or  of  unhygienic  surroundings.  The  treatment  includes  the  removal 
of  the  cause,  abandonment  of  injurious  habits  (smoking,  abuse  of  alcohol, 
etc.),  correction  of  errors  of  refraction,  and  attention  to  the  general  health. 

Lacrimal  Conjunctivitis. — This  term  is  applied  to  those  cases  of  con- 
junctival inflammation  which  are  produced  by  the  irritation  of  the  dis- 
charge from  an  inflamed  lacrimal  sac.  Various  pathogenic  germs  are  found 
in  dacryocystitis,  one  of  the  most  important  being  the  streptococcus  pyog- 
enes (Fig.  1,  Plate  IX).  From  contact  with  the  irritating  discharge, 
the  caruncle  and  plica  semilunaris  become  inflamed.  The  cause  may  be 
easily  determined  if  the  surgeon  thinks  to  investigate  the  condition  of  the 
lacrimal  apparatus.  Often  this  examination  is  overlooked  and  the  disease 
is  classed  as  an  intractable  chronic  catarrhal  conjunctivitis.  The  prognosis 
will  depend  on  that  of  the  lacrimal  disease.  The  cure  of  dacryocystitis  will 
cause  immediate  improvement  in  the  condition  of  the  conjunctiva.  If  a 
corneal  ulcer  has  been  infected  with  the  lacrimal  discharge,  the  prog^o.'is 
may  be  serious,  such  cases  occasionally  leading  to  deep  ulceration  of  ihe 
cornea,  with  perforation  and  loss  of  the  eye. 

Granular  Conjunctivitis  (Conjunctivitis  Granulosa,  or  Trnci.  omatosa ; 
Egyptian  Ophthalmia;  Trachoma;  Military  Ophthalmia;  Granular  Lids). 
— This  may  be  defined  as  a conjunctival  inflammation  (Fig.  d Plate  VIII) 
of  long  duration,  characterized  by  the  presence  of  trachoma  todies  or  granu- 
lations, and  ending  in  cicatricial  changes.  In  this  disease,  in  addition  to 
hyperemia  and  discharge,  there  are  numerous  grayish  or  pinkish-red  bodies, 
which  are  about  the  size  of  a pinhead.  These  art  particularly  abundant  in 
the  conjunctiva  of  the  upper  lid  and  in  the  upper  fornix,  but  also  exist  in 
the  lower  lid  and  in  the  bulbar  conjunctiva.  Trachomatous  tissue  may 
appear  on  the  cornea. 

Etiology. — The  disease  originates  in  infection,  but  the  cause  is  un- 
known. It  has  been  attributed  to  a small  double  coccus  (trachoma-coccus) 
by  Sattler  and  von  Michel ; to  parasitic  protozoa  by  Pfeiffer  and  Eidley ; 
and  to  a fungus,  Micvospcron  track o mat osum,  by  Muttermilch.  Eecently 
(1907)  Halberstaedtcr  and  von  Prowazek  have  described,  in  the  epithelial 
cells  of  the  conjunctiva  m trachoma  cases,  inclusions  (trachoma  bodies) 
which  they  believe  tc  be  parasites  and  the  cause  of  trachoma.  The  most 
recent  investigations  show  that  the  trachoma  bodies  are  not  specific  for 
trachoma  ( Me  K oe ) . 
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The  disease  is  spread  by  transfer  of  secretion  from  a trachomatous 
eye,  the  virulence  of  the  process  depending  upon  the  quantity  and  quality 
of  the  discharge.  The  most  dangerous  epidemics  are  those  characterized  by 
an  abundance  of  yellowish  discharge.  A trachoma  which  is  kept  in  check 
by  systematic  treatment  possesses  slight  power  of  contagion.  The  disease 
is  common  in  places  where  many  persons  are  crowded  into  small  quarters 
and  where  unhygienic  conditions  exist,  as  in  barracks,  workhouses,  orphan 
asylums,  and  schools.  The  agents  concerned  in  passing  infectious  particles 
are  numerous,  and  include  such  media  as  washing  utensils,  hands,  hand- 
kerchiefs, bedlinen,  medicine-droppers,  etc.  In  foreign  climes,  where  the 
heat  is  great,  flies  are  the  chief  factors  in  spreading  the  contagion.  Not 
age,  but  race,  is  an  etiologic  factor.  Thus,  trachoma  is  common  among 
Hebrews,  Italians,  Egyptians,  and  other  inhabitants  of  the  East.  The 
negro  is  almost  exempt.  The  disease  is  common  in  Ireland.  The  geo- 
graphic distribution  of  trachoma  is  interesting.  It  is  frequent  in  Arabia, 
Egypt,  the  eastern  part  of  Europe,  and  the  lowlands.  Elevated  areas, 
such  as  the  Tyrol,  Switzerland,  and  isolated  mountain  districts,  where  the 
altitude  exceeds  6000  feet,  are  practically  exempt.  It  is  also  of  rare  occur- 
rence in  Scandinavia  and  in  southern  California.  The  disease  h common 
in  the  western  prairie  districts  of  the  United  States,  particularly  *n  legions 
where  sandstorms  are  frequent.  Ziem  states  that  the  pre^ale^ce  of  the 
disease  has  kept  pace  with  the  destruction  of  forests  and  the  consequent 
production  of  dust  and  sandstorms.  It  is  supposed  by  Kihnt  that  nasal 
disease  is  an  etiologic  factor.  It  has  been  erroneously  believed  that  trachoma 
was  first  introduced  into  Europe  by  Napoleor  s soldiers  returning  from 
Egypt  in  1798.  It  is  probable  that  eyestrain,  by  causing  conjunctival  hyper- 
emia, predisposes  to  the  development  of  trachoma.  The  question  whether 
malaria  influences  it  is  unsettled.  Persons  of  the  so-called  scrofulous  tem- 
perament are  prone  to  the  disease. 

Forms. — The  subject  of  trachcrm'  may  fitly  be  considered  under  the 
following  subdivisions:  1.  Papillary  trachoma.  2.  Granular  or  chronic 
trachoma.  3.  Mixed  trachoma 

1.  The  term  papill^y  tiachoma  (papillary  granulation  or  hyper- 
trophy) means  that  the  oapTlae  of  the  upper  lid,  more  rarely  of  the  lower, 
are  enlarged  and  recognizable  by  the  unaided  eye.  In  mild  cases  the 
conjunctiva  resembles  sandpaper,  while  in  severe  ones  it  has  been  compared 
to  a pile  of  velvet.  It  looks  moist,  red,  and  velvety.  Early  in  the  case 
lacrimation  is  profuse.  Later  a muco-purulent  or  purulent  discharge  ap- 
pears. The  conjunctiva  is  injected,  the  papillae  are  enlarged,  and  the 
characteristic  granulations  are  scattered  through  the  membrane.  After  a 
variate  period  the  disease  subsides.  In  favorable  cases  a cure  results,  the 
granulations  being  absorbed  and  a smooth  conjunctiva  remaining.  In  other 
patients  there  are  indications  of  scar-tissue  in  the  mucous  membrane,  or 
the  disease  may  pass  into  the  chronic  form. 

2.  Granular  or  chronic  trachoma  generally  is  chronic  from  the  begin- 
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ning,  but  in  some  cases  it  results  from  the  imperfect  disappearance  of  the 
papillary  form.  The  characteristic  feature  is  the  presence  of  the  trachoma 
granules.  These  are  round,  opaque  bodies,  of  grayish-white  color,  measuring 
about  two  millimetres  in  diameter.  They  are  deeply  set  in  the  conjunctiva 
and  are  often  confluent,  thus  forming  areas  of  trachomatous  material.  They 
may  be  scattered  over  the  whole  conjunctiva,  but  are  particularly  numerous 
where  the  adenoid  tissue  is  abundant:  i.e.,  in  the  fornices,  especially  the 
upper  one.  The  conjunctiva  may  be  hyperemic  or  anemic.  There  is  gen- 
erally a slight  muco-purulent  discharge.  The  eyes  burn  and  smart,  near 
work  becoming  difficult,  particularly  at  night.  The  disease  may  continue 
thus  insidiously  for  many  months,  when  suddenly  an  attack  of  acute  in- 
flammation ensues  and  the  picture  changes  to  that  of  acute  inflammatory 


Fig.  211. — Trachoma  follicles.  (Authob  ) 


trachoma.  Redness,  pain,  lacrimation,  photophobia,  discharge,  blepharo- 
spasm, corneal  inflammation  and  ulceration,  and  rapid  loss  of  vision  are 
now  important  symptoms.  Acute  inflammatory  trachoma  is  simply  tra- 
choma to  which  an  acute  conjunctivitis  has  been  added. 

When,  in  the  quiet  form,  the  hoc  are  everted,  the  characteristic  granu- 
lations appear  as  sago-like  elevations  which  are  arranged  in  rows  and  are 
particularly  prominent  in  the  fornices.  A few  isolated  trachoma  bodies  may 
be  seen  in  the  bulbar  conjunctiva.  The  membrane  is  rough,  and  does  not 
show  the  velvety  appearance  found  in  the  papillary  variety.  After  the 
advent  of  inflammatory  symptoms  the  Membrane  shows  swelling  of  the 
papillae,  which  m;  y obscure  the  granulations.  They  may  be  absorbed,  but 
generally  new  trachoma  bodies  appear,  and  thus  the  disease  continues  in- 
definitely. After  a variable  period  grayish-white  bands  of  connective  tissue 
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are  to  be  seen,  marking  the  appearance  of  the  stage  of  cicatrization.  Thus 
the  disease  improves  at  the  expense  of  the  normal  conjunctiva,  which  is 
replaced  by  scar-tissue.  In  this  stage  the  tarsal  plates  become  deformed, 
producing  trichiasis,  entropion,  and  corneal  ulceration.  The  conjunctiva  is 
converted  into  a pale,  bluish-white,  atrophic  membrane,  and  the  fornices 
are  much  reduced  in  size  or  are  entirely  obliterated. 

3.  Mixed  trachoma  is  a common  condition,  the  papillary  and  granular 
forms  being  present  simultaneously.  The  papillary  form  involves  chiefly 
the  tarsal  conjunctiva,  while  the  granules  develop  luxuriantly  in  the 
fornices. 

Complications  and  Sequels. — The  chief  complications  of  trachoma 
are  corneal  ulcers  and  pannus.  Corneal  ulcers  may  appear  at  a place  where 
the  cornea  is  normal  or  in  connection  with  pannus.  The  nature  of  these 
ulcerations  does  not  demand  special  attention  in  this  place.  Pannus  (Fig. 
2,  Plate  X)  consists  in  the  formation  of  a new  growth  of  connective  tissue 
which  is  situated  between  the  epithelium  and  Bowman’s  membrane  and  is 
provided  with  blood-vessels.  This  new  tissue  presses  its  way  from  the 
periphery  toward  the  centre,  and  corresponds  chiefly  to  that  part  of  the 
cornea  in  relationship  with  the-  upper  lid.  Pannus  may  disappear,  entirely, 
or  the  enlarged  vessels  may  shrink,  leaving  small  radiating  lii  to  mark 
the  spot  where  they  existed.  If  ulceration  is  associated  with  pannus,  the 
cornea  will  likely  remain  clouded  in  its  upper  part.  Bullor  has  seen  cases 
of  trachoma  associated  with  ichthyosis. 

Among  the  sequelae  are  trichiasis  and  entropion.  Xormally  the  margin 
of  the  lid,  at  the  point  where  the  conjunctiva  ai  d sk  n unite,  forms  a right 
angle.  In  trachoma  it  is  worn  away,  and  the  Qyela&nes,  being  given  a wrong 
direction  ( trichiasis ),  rub  on  the  cornea,  producing  constant  irritation. 
The  contraction  of  the  newly  formed  connective  tissue  leads  to  thickening 
and  incurvation  of  the  tarsal  plate  (orguric  entropion , Fig.  6,  Plate  VII) 
with  trichiasis.  Continuance  of  eithei  condition  leads  to  corneal  inflam- 
mation and  ulceration.  The  low  -ir  jyelid  often  turns  outward  as  a result 
of  trachoma.  The  thickened  conjunctiva  presses  the  lid-margin  away  from 
the  globe  and  contraction  ot  fibres  of  the  orbicularis  muscle  completes  the 
eversion  ( spastic  ectropion.  Fig.  5,  Plate  VII).  When  atrophy  of  the 
conjunctiva  has  become  marked,  the  folds  in  the  fornices  disappear  and  the 
mucous  lining  of  the  lids  passes  directly  into  that  of  the  globe  (posterior 
symblepharon).  Tn  excessive  atrophy  the  conjunctiva  is  converted  into  a 
dry,  tough  membrane  (xerosis);  the  cornea  suffers  at  the  same  time,  be- 
coming cicati.'cial  and  opaque.  In  the  course  of  trachoma  in  the  Malay  race, 
and  also  among  the  Chinese,  Steiner  observed  pigmentation  of  the  con - 
junctica  in  the  form  of  irregular  dots  and  lines.  The  spots,  which  are 
found  most  frequently  on  the  upper  lid,  are  black.  They  are  without 
pathologic  significance.  Among  the  most  important  sequel®  are  the  corneal 
changes,  which  include:  (1)  the  formation  of  scars,  following  ulceration, 
by  the  transformation  of  pannus  into  connective  tissue;  and  (2)  the 
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alterations  in  curvature,  which  may  be  slight  or  may  produce  a decided 
bulging  of  the  membrane  (ectasia  of  the  cornea).  Thus  it  is  seen  that 
trachoma,  by  reason  of  its  complications  and  sequehe,  is  one  of  the  most 
important  of  ocular  diseases. 

Pathology. — As  regards  the  nature  and  origin  of  the  changes  found 
in  trachoma  there  is  much  dispute.  Iwanoff,  Berlin,  and  others  contend 
that  there  is  a new  product,  while  Sattler,  Raehlmann,  and  Vincentiis 
believe  that  there  is  simply  a change  in  the  normal  tissue.  Burnett  states 
that  the  process  is  probably  a combination  of  both.  Attempts  which  have 
been  made  to  distinguish  histologically  between  follicular  conjunctivitis 
and  trachoma  have  not  been  successful.  Herbert  believes  that  the  difference 
is  in  the  amount  of  material  present  in  the  two  types.  He  states  that  in 
follicular  conjunctivitis  and  trachoma,  in  addition  to  an  increase  in  the 
number  of  large  plasma-cells  (rounded  cells  modified  from  connective- 
tissue  cells  in  chronic  inflammation)  which  are  distributed  through  the 
conjunctiva,  there  is  an  hypertrophy  of  existing  follicles  and  lymphoid 
tissue,  with  a new  formation  of  these  structures.  The  changes  in  trachoma 
begin  in  the  lymphatic  spaces  of  the  lymph-vessels.  Such  a collection  of 
cells,  encapsuled  by  vessel-walls,  by  growth  gives  origin  to  a follicle.  Com- 
monly the  follicles  are  formed  by  the  continued  addition  of  cells  grouped 
in  lymph-spaces  and  lymph-vessels.  Absorption  of  follicles,  according  to 
the  same  authority,  takes  place  in  various  ways:  1.  The  cells  are  carried 
away  in  the  lymphatics.  2.  Other  cells  become  ameboid  and  travel  through 
the  surface  epithelium  or  into  the  blood-vessels.  3.  Others  undergo  vacuolar 
or  hyalin  degeneration.  The  trachomatous  process  involves  all  parts  of  tl  e 
conjunctiva,  except  the  ocular  portion  near  the  cornea  and  a narrow  strip, 
three  millimetres  broad,  next  to  the  lid-borders.  These  part*  Lormally 
are  covered  by  stratified  squamous  epithelium.  As  regards  the  hypertrophic 
changes,  there  is  an  extension  of  surface  by  the  formation  of  papillae  and 
an  increase  of  epithelium  in  epithelial  downgrowths.  Tiese  epithelial 
tubules  often  lead  to  the  formation  of  cysts  possessing  yellowish  and  cheesy 
contents.  In  the  stage  of  atrophy  there  is  a disappearance  of  areas  of  the 
normal  fibrous  and  elastic  matrix  of  the  conjunctiva,  with  the  formation 
of  scar-tissue.  The  development  of  papillae  is  not  characteristic  of  trachoma, 
since  they  may  attend  any  type  of  conjunctivitis  of  considerable  duration. 

Diagnosis. — The  diagnosis  of  trachoma  generally  presents  little  diffi- 
culty. Such  diseases  as  chronic  catarrhal  conjunctivitis,  vernal  catarrh, 
and  the  papilliform  swellings  of  purulent  conjunctivitis  have  been  suffi- 
ciently described  and  will  not  embarrass  the  careful  observer.  Between  the 
false,  or  follicular,  granulation  and  the  true,  or  “sago-grain,”  granulation 
differentiation  may  sometimes  be  difficult.  The  chief  characteristics  of 
these  affections,  which  a.  e different  clinically,  but  not  histologically,  are 
given  by  Stephenso.a  as  follows : — 
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Follicular,  or  False,  Granulation. 

1.  Oval  or  roundish,  transparent  bod- 

ies, the  diameter  of  which  seldom 
or  never  exceeds  1 or  1.5  milli- 
metres. They  often  possess  a 
faint-yellowish  hue,  and  are 
usually  arranged  in  rows.  Their 
tendency  is  to  remain  discrete: 
that  is,  separate  from  one  another. 
They  are  always  larger  in  the  in- 
ferior fornix. 

2.  Seldom  are  associated  with  much 

change  in  the  structure  of  the 
conjunctiva. 

3.  Papillary  hypertrophy  of  the  upper 

lid  is  trivial. 

4.  The  tarsus  is  not  implicated. 

5.  The  growths  disappear  spontane- 

ously without  forming  scar-tissue. 


<j.  No  drooping  of  the  upper  lid. 

7.  Pannus  and  corneal  ulcers  are  ab- 

sent. 

8.  Trichiasis,  entropion,  and  shrinking 

of  the  cul-de-sac  do  not  occur. 

9.  Occurs  chiefly  in  persons  under 

twenty  years  of  age. 

10.  Not  contagious. 


“Sago-grain,”  or  True,  Granulation. 

1.  Round,  opaque,  ill-defined  bodies  of 

grayish-white  color  and  extreme 
friability.  Firmly  and  deeply  im- 
bedded in  the  conjunctiva,  their 
diameter  often  reaching  2 milli- 
metres or  more.  They  tend  . to 
become  confluent,  thus  forming 
areas  of  trachomatous  material. 
They  are  always  larger  and  more 
numerous  in  the  upper  fornix. 

2.  Structural  changes  are  always  pres- 

ent in  the  conjunctiva. 

3.  Papillary  hypertrophy  of  the  upper 

lid  is  marked  in  many  of  the  cases. 

4.  The  tarsus  is  often  involved. 

5.  Spontaneous  cure  occurs  only  with 

the  onset  of  scarring,  which  may 
be  slight  or  extensive  according 
to  the  degree  of  development  of 
the  original  granulation. 

6.  Upper  lid  droops  in  most-  cases. 

7.  Pannus  and  corneal  u’ce.s  occur  in 

at  least  25  per  cent.  of  the  cases. 

8.  Trichiasis,  entropion,  and  shrinking 

of  the  CbJ-u^-sic  occur  very  fre- 
quently 

9.  May  oct  u at  any  age. 

10.  Conditionally  contagious. 


Prognosis. — When  seen  early  and  tinted  persistently  the  prognosis 
of  trachoma  is  favorable.  Corneal  ulcer  fit  ion  and  pannus  often  give  better 
results  than  would  be  expected,  although  vision  is  often  reduced.  Trichia- 
sis and  entropion  can  be  relieve1  by  operative  treatment.  In  the  stage  of 
atrophy  treatment  is  of  little  u^e.  Unfortunately  persons  with  trachoma 
often  cease  treatment  too  st'm,  and  under  such  circumstances  they  are  sure 
to  suffer  a recurrence.  Such  cases  often  end  in  blindness  or  in  serious 
reduction  of  vision.  A trachomatous  eye  is  always  liable  to  attacks  of 
acute  inflammation  in  response  to  a fresh  irruption  of  trachoma  follicles 
or  to  external  irritants. 

Tre/tmlni. — The  treatment  of  trachoma  is  prophylactic,  medical, 
and  surgical.  When  possible  these  cases  should  be  isolated.  In  private 
practice  tich  patient  should  have  his  own  towels,  soap,  washbowl,  and 
handkerchiefs.  In  asylums  and  schools  the  lavatory  arrangement  should 
include  what  is  known  as  the  “jet  system,”  which  makes  it  impossible  for 
+.he  same  water  to  be  used  by  more  than  one  person.  Cleanliness  is  always 
in  order  in  trachoma.  Hot  water  and  Castile  soap  are  probably  as  efficient 
ns  any  of  the  numerous  antiseptic  washes. 
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The  medical  treatment  may  be  formulated  as  follows:  In  acute  in- 
flammatory attacks  cleanliness,  hygienic  measures,  and  atropin  are  to  be 
employed  until  the  pain  and  inflammation  have  subsided.  Then  once  daily 
the  conjunctiva  of  the  lids  and  fornices  is  to  be  painted  with  a solution 
of  nitrate  of  silver,  of  the  strength  of  2 or  3 grains  to  the  ounce,  until  the 
secretion  ceases.  If  the  cornea  is  involved  atropin  is  to  be  used  once  or 
twice  a day.  This  treatment  should  be  continued  week  after  week,  but  it 
must  not  be  kept  up  indefinitely,  because  of  the  danger  of  producing 
argyrosis.  In  applying  the  silver  solution  the  surgeon  should  see  that  it 
reaches  the  folds  in  the  upper  fornix.  Caustics  are  absolutely  to  be  es- 
chewed in  this  as  in  every  other  form  of  conjunctivitis.  What  is  wanted 
is  stimulation  of  the  absorbents,  not  destruction  of  the  membrane.  In  many 
lands,  after  the  secretion  has  diminished,  a stick  of  lunar  caustic  or  copper 
sulphate  is  employed.  Schiele  uses  the  solid  stick  of  iodic  acid,  and  claims 
that  it  does  not  cause  a scar.  Nesnamoff  employs  a 1-  or  2-per-cent, 
strength  solution  of  iodin  in  liquid  petrolatum.  Seabrook  commends  this 
treatment  in  chronic  cases  with  little  secretion.  Ichthyol  in  10-  or  20- 
per-cent.  strength  solutions  has  found  favor  with  some  ophthalmic  sur- 
geons. In  the  hands  of  many  practitioners  copper  and  other  caustics  are 
positively  harmful.  When  used  they  are  to  be  employed  simply  as  irritants, 
not  as  escharotics,  and  their  application  will  not  be  in  order  until  after 
the  discharge  has  practically  ceased.  Instead  of  copper,  a stick  of  alum 
can  be  used  as  a stimulating  agent.  It  is  possible,  as  Thompson  has 
remarked,  that  trachoma  is  a much  different  disease  in  the  Mississippi 
Valley  from  that  type  found  in  some  far-distant  place,  and  that  the  treat- 
ment should  vary  accordingly.  As  the  case  improves  under  the  ;-eatment 
outlined,  the  period  between  the  applications  can  be  lengthen  ;a  and  the 
patient  can  make  use  of  a collyrium  of  sulphate  of  zinc,  boric  acid,  protargol, 
or  argyrol.  The  use  of  a 3-  to  10-per-cent,  strength  ointment  of  citrate  of 
copper  in  white  vaselin  is  recommended  by  Wright,  of  MobTe.  He  states 
that  it  produces  absorption  of  the  granulations,  is  non-irritant,  and  can  be 
used  by  the  patient. 

Under  medical  treatment  improvement  of  trachoma  is  often  a slow 
process.  Hence  various  surgical  measures  have  been  advocated,  and  many 
of  these  are  of  great  antiquity.  Among  timse  worthy  of  mention  are  scari- 
fication, expression,  brossage,  grattage,  ^vision  of  individual  granulations, 
excision  of  the  cul-de-sac,  the  application  of  the  galvanocautery  and  electrol- 
ysis, or  the  use  of  the  x-rays.  Th^se  measures,  as  a rule,  are  to  be  em- 
ployed only  in  cases  in  which  auite  symptoms  are  absent  and  which  resist 
medical  treatment,  although  some  eminent  authorities  prefer  them  to  med- 
ical measures.  The  objection  to  most  surgical  procedures  is  that  the  scar 
resulting  from  the  operation  may  more  than  offset  the  good  derived  from 
the  operation.  Of  ti  e surgical  procedures,  the  least  objectionable  is  ex- 
pression. This  can  be  dorie  in  various  ways,  but  the  use  of  the  roller 
forceps  is  preferred.  The  instrument  is  used  to  express  the  contents  of 
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the  trachoma  follicles,  and  this  is  accomplished  rapidly  and  safely  under 
local  or  general  anesthesia.  Expression  may  be  used  alone  or  it  may  be 
combined  with  scarification  of  the  conjunctiva  and  the  local  use  of  a 
germicide  which  is  rubbed  into  the  tissues  by  means  of  a stiff  brush.  The 
author  prefers  expression  used  alone  and  followed  immediately  by  cold 
compresses.  Later  for  several  weeks  a solution  of  nitrate  of  silver  is  to 
be  applied.  In  using  expression  care  must  be  taken  to  press  out  the 
trachomatous  material  in  the  region  of  the  fornices  and  canthi.  Stephen- 
son, Walsh,  and  Mayou  have  reported  favorably  on  the  treatment  of  trachoma 
by  x-ray  tube  exposure.  Radium  has  been  used  by  Selenowski  and  others 
with  good  results.  A tube  containing  10  milligrams  of  radium  bromid  is 
placed  against  the  everted  lid  for  a period  of  from  two  to  ten  minutes;  the 
treatment  is  continued  at  intervals  of  a few  days. 

Pannus  generally  clears  up  pari  passu  with  the  improvement  in  the 
conjunctiva,  but  in  some  cases,  in  which  there  is  a formation  of  dense 
connective  tissue,  it  may  require  special  treatment,  such  as  the  use  of 
jequiritv  or  the  performance  of  periectomy.  Jequirity,  which  was  intro- 
duced into  ophthalmic  practice  by  de  Wecker,  is  employed  to  S'T  up  a 
violent  corneal  inflammation  in  the  hope  that  with  its  subsidence  the  pannus 
will  disappear.  It  is  used  in  an  infusion  (3  to  5 per  cent.)  applied  to  the 
everted  lids,  or  the  powdered  drug  may  be  dusted  on  to  the  conjunctiva. 
The  latter  method  is  highly  recommended  by  Cheatham  The  jequirity 
treatment  must  be  used  with  caution,  since  some  casec  have  been  reported 
in  which  its  employment  was  followed  by  destmci  on  of  the  cornea.  In 
many  cases  it  has  a curative  effect  on  pannus.  Lai  dolt  and  Holmes  favor 
the  treatment  of  pannus  by  boric  acid  and  massage. 

Since  pannus  is  a corneal  complication  it  a circumcorneal  disease,  the 
excision  of  a piece  of  conjunctiva  adjacent  i u the  cornea  has  been  done  for 
the  purpose  of  producing  an  area  of  cicatricial  tissue,  which  shall  act  as 
a safeguard  against  invasion.  Boecamann,  who  has  had  an  extensive 
experience  with  this  operation  (periectomy),  regards  it  as  a harmless  and 
efficient  treatment  for  pannus 

Vaccinia  of  the  Conjunctiva  is  of  rare  occurrence,  and  is  characterized 
by  violent  redness  and  swelling  of  the  affected  membrane.  The  infection 
is  carried  by  unclean  Angers  and  runs  the  course  of  vaccinia.  It  tends  to 
recovery  and  call*  tor  little  treatment. 

Varicella  ^ 4he  Conjunctiva  has  been  described  by  Hilbert. 

Conjunctivitis  Petrificans  (Acute  Calcification  of  the  Conjunctiva). — 
In  1893  Leber  described  this  rare  disease,  which  is  characterized  by  the 
presence  in  the  conjunctiva  of  lime  in  organic,  crystal lizable  combination. 
The  on  appears  as  white,  opaque  spots,  with  slight  or  no  inflammatory 
and  subjective  symptoms.  The  disease  spreads  spasmodically,  new  foci 
appearing  while  others  are  healing,  the  process  lasting  for  months  or  years. 
The  smaller  foci  vanish  by  absorption,  while  the  larger  ones  leave  shriveled, 
thickened  spots  in  the  conjunctiva.  In  some  cases  the  disease  produces 
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blindness  through  corneal  involvement.  W hen  it  is  possible  to  do  so,  the 
foci  are  to  be  excised. 

MISCELLANEOUS  DISEASES  OF  THE  CONJUNCTIVA. 

Ophthalmia  Nodosa  (Raupenhaar-ophthalmie)  is  due  to  the  entrance 
of  caterpillar-hairs  into  the  conjunctiva  or  cornea  and  iris.  The  disease 
is  characterized  by  intense  pain  and  the  appearance  of  nodules  in  the  tissues 
involved.  Lacrimation  and  photophobia  are  present.  Violent  inflammatory 
symptoms  supervene  some  weeks  or  months  after  the  receipt  of  the  injury, 
and  iritis  and  iridocyclitis  are  frequent  complications.  Where  nodules  are 
found  in  the  iris  the  disease  may  simulate  tuberculosis.  Often  careful  and 
repeated  examinations  are  necessary  before  the  hairs  can  be  found.  Ex- 
cision of  the  nodules  and  the  continued  use  of  a mydriatic  are  called  for. 

Filaria. — In  addition  to  the  cysticercus  an  entozoon  known  as  Filaria 
loa  has  been  observed  beneath  the  conjunctiva.  The  parasite  occurs  among 
the  natives  of  the  west  coast  of  Africa  and  ,in  persons  who  have  visited  this 
region.  The  worm  varies  from  twenty  to  seventy  millimetres  in  length  and 
is  about  one-half  to  one  millimetre  broad.  It  is  round,  firm,  transparent, 


Fig.  212. — Conjunctivitis  petrificans.  (Reif.) 


and  colorless.  By  its  movements  beneath  the  conjunctiva  or  under  the  skin 
of  the  eyelids  it  keeps  the  eye  irritated.  The  treatment  is  wholly  surgical. 
The  worm  should  be  removed  through  a conjunctival  injision. 

Pterygium  (Fig.  7,  Plate  VIII)  is  a fleshy  and  vascular  growth, 
triangular  in  shape,  springing  from  the  conjunctiva,  generally  of  the  outer 
or  inner  cantlius,  and  extending  to  the  cornea,  with  which  it  is  united. 
It  is  frequently  located  over  the  course  of  fhe  internal  rectus  muscle.  The 
same  eye  may  present  two  pterygia,  one  on  the  nasal,  the  other  on  the 
temporal,  side;  and  the  two  may  moef  m the  centre  of  the  cornea.  In  rare 
instances  pterygium  is  found  growing  from  the  centre  of  the  lower  or 
upper  eyelid,  as  in  Fig.  213.  If  of  recent  origin,  the  growth  will  appear 
reddish  and  succulent  (pterygium  crassum)  ; if  somewhat  old  and  atrophic, 
it  will  appear  thin  and  membranous  (pterygium  tenue).  The  disease  may 
remain  stationary  or  may  Decome  progressive,  rapidly  encroaching  upon 
the  cornea.  In  the  course  of  years  it  may  completely  cover  the  cornea  and 
thus  do  great  carnage  to  vision.  The  conjunctiva  forming  the  pterygium 
may  be  tense,  and  thus  the  plica  semilunaris  may  be  obliterated.  Such 
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growths  often  cause  irritation  by  the  constant  tension  and  may  even  limit 
the  action  of  the  ocular  muscles.  A pterygium  often  will  become  irritated 
and  inflamed,  particularly  in  the  summer,  when  dust  is  abundant. 

Etiology.— Pterygium,  while  generally  found  in  adult  and  middle 
life,  is  occasionally  seen  in  young  persons.  It  is  common  among  farmers, 
thrashers,  ranchmen,  teamsters,  stonecutters,  and  other  persons  who  are 
much  exposed  to  the  elements.  Heat,  a dry  atmosphere,  high  winds,  ex- 
posure to  sunlight,  and  the  irritating  effect  of  alkaline  dust  are  etiologic 
factors.  The  disease  is  much  more  frequent  in  the  southwestern  than  in 
other  portions  of  the  United  States.  It  begins  either  in  degenerative 
processes  following  on  pinguecula — this  growth  pulling  the  conjunctiva 
on  to  the  cornea,  where  it  becomes  attached — or  it  follows  upon  a small 


Fig.  213. — Traumatic  pterygium.  (Oliver.) 


ulceration  at  the  margin  01  the  cornea.  Savage  believes  that  Fuchs’s  view 
that  pterygium  originate,,  frjm  pinguecula  is  incorrect. 

Pathology. — H’ .otologic  examination  shows  that  a pterygium  is  sim- 
ply an  hypertrophy  of  che  conjunctiva  which  involves  the  epithelial  and 
anterior  elastic  1 avers  of  the  cornea. 

Prognoses.  — If  the  pterygium  has  encroached  upon  the  pupillary 
area  of  the  curnea,  there  will  be  diminution  in  vision  after  the  excision 
of  the  growth.  If  the  entire  cornea  is  covered,  the  removal  of  the  pteryg- 
ium wi^  improve  vision,  but  normal  vision  should  not  be  expected.  In 
gent^a.,  ic  may  be  said  that  the  prognosis  in  cases  of  pterygium  is  favor- 
aJe.  The  condition  may  return  to  a less  extent  than  before  operation. 

Treatment. — Medicines  are  useless  in  the  treatment  of  pterygium; 
operation  alone  is  valuable.  The  growth  should  be  transplanted  or  excised. 
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The  old  operation  of  ligation,  which  is  barbarous  and  unscientific,  should 
not  be  performed.  The  surgical  management  of  this  disease  will  be  dis- 
cussed in  the  latter  part  of  the  present  chapter.  In  extensive  pterygia, 
which  cover  a large  part  of  the  cornea,  it  may  be  advisable  not  to  disturb 
the  growth,  but  to  perform  iridectomy.  Fortunately  these  neglected  cases 
are  seldom  encountered.  Bemoval  of  a pterygium  is  followed  by  increased 
haziness  of  the  cornea,  due  to  inflammatory  action,  and  often  this  cloud  dis- 
appears slowly.  The  best  visual  result  does  not  always  come  immediately. 
Ophthalmometric  examinations  show  that  the  corneal  curvature  is  altered 
by  the  pterygium,  and  after  its  removal  search  should  be  made  for  astig- 
matism. Pterygium  causes  astigmatism  in  two  ways:  by  lifting  up  the 
superficial  corneal  layers  and  by  traction.  Patients  from  whom  pterygia 
have  been  removed  often  complain  that  the  growths  have  returned.  In  a 
measure,  this  is  true,  but  the  secondary  growth  is  smaller,  and  consists 
chiefly  of  blood-vessels  which  are  necessary  to  the  reparative  process  in  the 
cornea. 

Pseudopterygium  (Cicatricial  Pterygium)  is  the  name  applied  to  tl^e 
fixation  of  a fold  of  conjunctiva  upon  the  cornea  as  a sequence  of  inflam- 
matory action.  This  may  result  from  trauma  by  heat  or  caustics,  or  may 
follow  operations  for  the  removal  of  conjunctival  growths.  In  some  in- 
stances pseudopterygia  develop  after  chronic  superficial  ulceration  of  the 
margin  of  the  cornea.  In  other  cases  they  are  sequent  to  a chronic  blen- 
norrheic  or  to  a diphtheritic  process.  A true  pterygium  ordinarily  permits 
the  passage  of  a sound  beneath  its  folds  at  the  limbus,  while  in  pseudo* 
pterygium  this  cannot  be  done.  In  the  former  the  growth  general' y is 
progressive,  while  pseudopterygia  remain  fixed  at  the  part  of  the  cornea 
to  which  they  originally  became  attached.  Small  pseudopterygia  may  be 
permitted  to  remain;  large  ones  should  be  excised.  There  is  a r^re  form 
of  false  pterygium  named  pterygo-symblepharon,  which  is  chi  ^a«  terized  by 
adhesion  between  the  lower  lid  and  the  cornea  through  an  imorvening  flat, 
vascular  band  of  conjunctiva. 

Pinguecula  is  a small,  yellowish  growth  of  t^e  bulbar  conjunctiva, 
adjacent  to  that  part  of  the  cornea  corresponding  to  the  interpalpebral 
fissure.  It  looks  like  a piece  of  fat,  but  is  considered  a hyalin  degenera- 
tion of  the  conjunctiva  and  subconjunctival  tissue,  associated  with  an 
hypertrophy  of  the  elastic  fibres  of  the  nmjunctiva.  It  is  rounded  or 
triangular  in  shape,  and  is  found  in  aduhs  who  are  exposed  to  irritating 
influences.  Fuchs  considers  that  pterygium  originates  from  pinguecula, 
but  Knapp  holds  that  this  statement  is  too  sweeping.  Pinguecula  is  gen- 
erally non-progressive  and  rarely  calls  for  treatment.  It  can  be  excised 
or  destroyed  by  means  of  tho  ' autery. 

Amyloid  Degeneration  of  che  Conjunctiva. — This  rare  disease,  which 
was  first  described  by  Oettingen,  of  Dorpat,  has  been  observed  principally 
in  Bussia.  The  con;  jimtiva  becomes  hypertrophied,  often  projects  between 
the  lids,  and  is  y diutfish,  wax-like,  non-vascular,  and  friable.  The  disease 
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generally  begins  in  the  retrotarsal  folds  and  invades  the  bulbar  and  pal- 
pebral portions  of  the  conjunctiva  as  well  as  the  caruncle.  The  eyelids  are 
much  thickened,  and,  when  drawn  forcibly  apart,  the  wax-like  conjunctiva 
is  seen  surrounding  the  cornea,  which  is  usually  clear,  but  may  show  pannus. 
The  swollen  tissue  is  friable,  and  often  breaks  when  the  lids  are  held  apart. 
The  disease  often  lasts  for  years  without  inflammatory  symptoms,  and  the 
patient  cannot  see  because  of  inability  to  open  the  lids.  There  is  no 
discharge  or  lacrimation,  and  pain  is  absent.  The  affection  is  as  frequently 
unilateral  as  bilateral.  The  cases  so  far  reported  have  occurred  in  adults. 
Some  writers  have  claimed  that  a relationship  exists  between  trachoma 
and  amyloid  degeneration ; but  this  view  is  not  now  accepted.  The  disease 
has  nothing  to  do  with  amyloid  degeneration  located  in  other  organs  or 
tissues. 

The  first  step  is  an  hypertrophy  of  the  conjunctiva.  This  is  followed 
by  an  increase  of  the  adenoid  elements,  and  later  there  is  a hyalin  degen- 
eration, which  is  followed  by  the  appearance  of  amyloid  bodies.  Finally, 
calcification  and  ossification  occur.  Hyalin  and  amyloid  degeneration  look 
so  much  alike  that  differentiation  can  be  obtained  only  by  examining 
excised  pieces  of  tissue.  Calcification  or  ossification  of  the  diseased  con- 
junctiva may  occur  in  these  cases.  In  a doubtful  case  the  diagnosis  can 
be  made  by  means  of  the  iodin  test.  Treatment  is  of  little  vzKQ  Excision 
may  be  of  benefit. 

Xerosis  (Xerophthalmos;  Atrophy  of  the  Conjvm  ti\a;. — In  this  con- 
dition the  conjunctiva  becomes  thick,  dry,  and  of  c whitish  color  resem- 
bling skin.  An  analogous  process  is  observed  in  Pm  cornea.  Xerosis  of 
the  conjunctiva  appears  either  sequent  to  a kcal  disease  or  as  an  accom- 
paniment of  a general  affection.  Locally  ii  occurs  after  cicatricial  degen- 
eration following  trachoma,  pemphigus,  bv'rns,  or  diphtheritic  conjunctivitis 
(parenchymatous  xerosis);  or  it  may  be  due  to  insufficient  protection, 
as  in  ectropion  and  lagophthalmos,  tho  exposed  conjunctiva  becoming  cov- 
ered with  a thick,  epidermoid  ef  ithe  ium  (epithelial  xerosis ).  Resulting 
from  a general  disease,  conjunct! >al  xerosis  occurs  in  a light  and  also  in  a 
severe  type.  The  former  accompanies  nyctalopia,  while  the  latter  is  found 
in  cases  of  keratomalacia.  A special  bacillus  (xerosis  bacillus)  has  been 
described.  According  to  Fuchs,  it  is  neither  the  cause  of  xerosis  nor  char- 
acteristic of  this  dioerse,  since  it  is  found  in  the  healthy  conjunctival  sac. 

In  the  primary  type  the  part  of  the  conjunctiva  corresponding  to 
the  palpebrcu  opening  shows  a froth-like  deposit  (composed  of  degenerated 
epithelium 'I,  which  is  triangular  in  form,  the  base  being  toward  the  cornea. 
The  conjunctiva  is  anesthetic  and  irritation  fails  to  produce  lacrimation. 
In  se  vere  cases  the  cornea  becomes  dull  and  opaque  and  may  slough.  An 
* nportant  subjective  symptom  is  night-blindness.  The  disease  is  common 
in  Frazil  and  among  the  negroes  of  the  South.  Prognosis  is  unfavorable. 

Treatment. — Primary  xerosis  of  the  conjunctiva  is  found  chiefly 
among  the  ill  nourished  and  calls  for  supportive  and  tonic  treatment. 
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Local  treatment  is  of  little  value.  Glycerin  and  water,  an  emulsion  of 
codliver-oil,  or  white  vaselin  may  be  used  as  local  applications  with  comfort 
to  the  patient. 

Tuberculosis  of  the  Conjunctiva. — Since  Koster,  in  1874,  described 
this  disease  (Fig.  8,  Plate  VIII)  many  cases  have  been  recorded;  but  the 
bacillus  of  tubercle  has  been  recognized  as  the  cause  only  since  1882.  It 
is  a rare  affection,  Eyre  having  met  with  it  in  8 out  of  25,000  new  oph- 
thalmic cases  in  London.  It  may  be  primary,  but  is  generally  secondary 
to  nasal  or  laryngeal  tuberculosis.  An  abrasion  from  a slight  trauma  or 
the  breaking  of  a conjunctival  phlyctenula  furnishes  a nidus  for  the  growth 
of  the  bacillus  which  can  be  carried  to  the  raw  surface  by  particles  of  dust, 
towels,  fingers,  or  by  unclean  instruments  used  in  tenotomy  operations. 
The  youngest  case  occurred  in  an  infant  of  ten  months,  the  oldest  in  a man 
of  thirty  years.  Most  cases  occur  at  or  about  puberty.  Females  seem  to 
be  more  liable  than  males  in  the  proportion  of  1.5  to  1.  The  palpebral 
conjunctiva  is  more  often  the  seat  of  the  lesion  than  is  the  bulbar  portion. 
The  lower  lid  is  more  often  involved  than  the  upper.  The  disease  is  gen- 
erally unilateral.  The  cornea  often  is  the  seat  of  superficial  inflammation. 
Iritis  may  develop.  While  the  pre-auricular  gland  on  the  affected  side  is 
hard,  swollen,  and  tender,  it  does  not  often  suppurate.  The  submaxillary 
and  cervical  glands  may  be  infiltrated. 

The  clinical  features  of  the  disease  have  been  grouped  by  Sattler  as 
follows:  First  group — characterized  by  small  miliary  ulcers,  which  may 
coalesce,  generally  attacking  the  palpebral,  but  sometimes  affecting  tba 
bulbar  conjunctiva.  Second  group — characterized  by  grayish  or  yellowish 
subconjunctival  nodules,  varying  in  size,  but  rarely  larger  than  v hbixip- 
seed.  Third  group — characterized  by  florid,  hypertrophied  papilke  and 
rounded  outgrowths  of  granulation  tissue,  springing  from  the  palpebral 
conjunctiva  or  situated  in  the  fornices,  recurring  after  removal,  and  accom- 
panied by  edema  and  thickening  of  the  lids.  Fourth  groip — “lupus”  of 
the  conjunctiva,  characterized  by  numerous  pedunculate  1,  cockscomb-like 
excrescences  in  the  fornices,  of  a jelly-like  consistency,  often  showing  more 
or  less  ulceration.  To  these  Eyre  adds  anothoi  g~oLp  to  cover  those  cases 
characterized  by  distinctly  pedunculated  tumors,  microscopically  resem- 
bling papillomata : cases  without  involvement  of  the  subconjunctival  tissue 
or  production  of  any  symptoms  other  than  mechanical  ones.  Pain,  as  a 
rule,  is  not  a prominent  symptom.  4.  mjderate  discharge  is  present. 

Etiology. — This  disease  is  dee  i;o  the  tubercle  bacillus,  as  can  be 
shown  by  microscopic  sections  aua  by  inoculation  experiments. 

Diagnosis. — Tuberculosis  ef  the  conjunctiva  may  be  mistaken  for 
trachoma,  papilloma,  chancre,  or  epithelioma.  Trachoma  cases  improve 
under  treatment  by  sil\vr.  while  tuberculosis  does  not.  In  case  of  doubt 
a microscopic  examination  of  an  excised  portion  of  infiltrated  tissue  should 
be  made.  In  the  <\bbenc6  of  the  tubercle  bacillus  inoculation  experiments 
should  be  undertaken.  This  method  is  more  reliable  than  microscopic 
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examination,  although  it  requires  a longer  period  (six  or  eight  weeks) 
before  the  diagnosis  can  be  determined. 

Prognosis. — This  will  depend  on  the  ability  of  the  surgeon  to  remove 
all  of  the  diseased  tissue.  Where  this  is  not  practicable  a cure  should  not 
be  expected,  although  vision  may  be  lost  by  involvement  of  the  cornea. 
Spontaneous  cure  of  conjunctival  tuberculosis  is  possible. 

Treatment. — Stephenson  has  cured  one  case  by  x-ray  treatment.  If 
this  means  fails,  early  and  complete  removal,  of  the  diseased  conjunctival 
tissue  and  enucleation  of  swollen  pre-auricular  glands  should  be  under- 
taken. This  can  be  done  with  the  knife,  spoon,  or  cautery.  Any  tuber- 
culous material  which  is  left  behind  may  cause  general  infection.  After 
the  diseased  tissue  has  been  removed  a collyrium  of  bichlorid  of  mercury, 
or  a dusting-powder,  such  as  iodoform  or  aristol,  can  be  applied.  The 
general  system  should  receive  proper  treatment.  Good  food,  fresh  air, 

* 


Fig.  214. — Tuberculosis  of  the  cor'unctiva.  (Eyre.) 

Granulations  are  present  on  the  temporal  sid'  o.'  the  bulbar  conjunctiva  of  the 
right  eye,  with  a central  ^^..ous  mass. 

and  proper  climatic  conditions  should  be  secured.  Tuberculin  injections 
have  not  proved  efficient  in  this  disease. 

Argyrosis  of  the  Conjnrcin  *. — As  a result  of  the  long-continued  ap- 
plication of  a solution  of  nitr«te  of  silver,  of  argvrol,  or  of  protargol,  or  from 
exposure  to  the  action  ot  silver-dust,  the  conjunctiva  becomes  discolored. 
Prolonged  use  of  sulpha > of  iron  will  cause  a yellow  coloration  of  the  con- 
junctiva (sideros^s  conjunctive).  An  example  of  argyrosis  is  shown  in 
Fig.  7,  Plate  XI  Silver  is  deposited  in  the  elastic  fibers  of  the  conjunctiva 
in  the  form  of  an  albuminate  or  an  oxid.  The  discoloration  of  silver  causes 
the  conjunctiva  to  appear  bluish,  while  the  stain  following  protargol  is  of 
a dirty-brownish  color.  Formerly  argyrosis  was  considered  irremediable; 
recently  Schwarz  has  reported  successful  results  from  the  injection,  into  the 
conjunctiva,  of  a solution  of  potassium  iodid  varying  in  strength  from  30 
pei  cent,  to  saturation.  The  injections  are  made  at  intervals  of  two  to  three 
weeks. 

Leprosy. — According  to  Xeve,  conjunctivitis  occurs  frequently  in  lepers, 
the  anesthetic  lids  being  exposed  to  the  bites  of  flies  and  mosquitoes 
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and  to  injury  from  foreign  bodies.  Leprous  nodules  occur  in  the  con- 
junctiva by  extension  from  the  deeper  tissues.  They  generally  develop  near 
the  corneal  margin  and  grow  into  the  sclera  and  cornea.  The  process 
extends  and  causes  iritis,  nodules  appearing  in  the  iris. 

Lupus  of  the  Conjunctiva  may  appear  primarily,  hut  is  generally  due 
to  extension  from  the  skin  of  the  eyelid.  In  the  conjunctiva  it  appears 
as  an  ulcer  which  may  heal  in  one  direction  and  extend  in  another.  The 
lupous  ulcer  presents  a bottom  covered  with  granulations  in  which  the 
Bacillus  tuberculosis  has  been  found.  Since  the  same  microorganism  is 
present  in  both  tuberculosis  and  lupus,  the  diagnosis  must  be  made  by 
the  clinical  appearances.  The  treatment  consists  in  excision,  destruction  by 
the  cautery,  or  the  application  of  the  x-rays. 

Xanthoma  of  the  Conjunctiva  has  been  reported  bv  Van  Duyse. 

Sporotrichosis  of  the  Conjunctiva  has  been  noted  by  Morax  and 
Cruchaudeau.  Potassium  iodid  was  given  with  a good  result. 

Hemorrhage  from  the  Conjunctiva  in  rare  instances  becomes  alarm- 
ing^  and,  in  the  case  of  infants,  has  caused  death.  It  may  occur  in  persons 
who  give  no  history  of  injury  or  of  hemophilia.  It  has  been  seen  to  follow 
the  operation  of  expression  in  trachoma,  and  also  occurs  without  known 
cause.  In  at  least  three  instances  fatal  hemorrhage  has  followed  the  appli- 
cation of  nitrate  of  silver  to  the  eyes  of  the  newborn  (Wiener).  Profuse  and 
repeated  hemorrhages  may  occur  for  several  months  and  suddenly  cease. 
They  are  probably  due  to  the  presence  of  minute  vascular  tumors.  When 
caused  by  an  ulcer  the  bleeding  vessel  can  be  easily  controlled  by  the  app  lica- 
tion of  forceps. 

Abscess  of  the  Conjunctiva,  a localized  area  of  suppuration  in  the  sub- 
conjunctival tissue,  may  be  due  to  trauma,  but  sometimes  occu^°  apart 
from  injury  or  other  determinable  cause.  It  may  be  situated  any  part 
of  the  bulbar  conjunctiva,  but  is  more  likely  to  involve  the  region  of  the 
caruncle.  A suppurating  Meibomian  cyst  opening  through  fne  palpebral 
conjunctiva  is  not  uncommon.  Pus  from  an  orbital  abb-ess  may  cause  the 
conjunctiva  to  bulge  and  form  a fluctuating  ma°?.  T lese  conditions,  how- 
ever, are  not  abscesses  of  the  conjunctiva  in  tbe  s’srict  sense  of  the  term. 
Hot  applications  and  an  early  incision  are  to  be  employed. 

Actinomycosis  of  the  Conjunctiva  is  a very  rare  condition  which  has 
been  observed  by  Demicheri  and  Vincentiis.  In  the  case  reported  by  the 
former  observer,  a young  man,  suffering  with  subacute  catarrh  of  the 
conjunctiva,  presented  on  the  everted  upper  lid,  along  the  posterior  tarsal 
margin,  about  fifteen  yellowish-g*  a\  granules,  three-tenths  of  a millimetre 
or  more  in  diameter,  resembling  a granular  or  follicular  eruption  or  the 
infarcts  of  Meibomian  g'anls  common  in  elderly  persons.  Microscopic 
examination  of  the  contents  of  these  granules  showed  typical  masses  of 
actinomycosis.  The  focus  of  infection  was  excised,,  with  recovery. 

Syphilis  of  the  Conjunctiva. — The  conjunctiva  is  subject  to  the  pri- 
mary, secondary,  o,nd  tertiary  lesions  of  syphilis:  chancre,  macular  and 
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papular  syphilides,  copper-colored  spots,  mucous  patches,  gummata,  and 
ulcer.  Chancres  not  only  involve  the  conjunctiva  by  extension  from  the 
eyelids,  but  have  also  been  seen  primarily  in  the  upper  or  lower  fornix 
or  on  the  bulbar  conjunctiva.  Chancre  (Fig.  7,  Plate  VII)  here  gives 
rise  to  the  same  characteristic  symptoms  as  elsewhere.  There  is  a small 
swelling  and  induration,  ulcerated  at  the  top,  absence  of  pain,  and  enlarge- 
ment of  the  lymphatic  glands.  The  chancre  feels  like  a piece  of  parchment. 
Buckley  found  over  4 per  cent,  of  extragenital  chancres  located  on  the 
lids  and  conjunctiva.  Infection  occurs  chiefly  by  the  unclean  finger  of 
the  patient  or  by  the  diseased  mouth  of  another  person.  The  latter  source 
may  be  immediate,  as  in  the  removal  of  foreign  bodies  under  the  conjunctiva 
by  the  tongue;  or  intermediate,  as  by  soiled  towels,  gloves,  the  wearing 
of  a mask,  the  use  of  an  opera-glass  as  in  Falcone’s  case,  or  the  use  of 
unclean  surgical  instruments.  The  diagnosis,  of  chancre  of  the  conjunctiva 
is  not  difficult  provided  the  surgeon  thinks  of  the  possibility  of  its  occur- 
rence, but  the  condition  may  be  mistaken  for  gummatous  ulcer,  epithe- 
lioma, tuberculosis,  or  chalazion.  The  prognosis  is  favorable,  only  a small 
scar  remaining.  The  local  treatment  includes  cleanliness  and  the  vse  of 
a mild  mercurial  ointment. 

Mucous  patches,  which  occur  rarely  on  the  conjunctiva,  look  hi  e the  same 
lesion  elsewhere.  Under  internal  and  local  treatment  they  generally  heal  rapidly. 
Copper-colored  spots  are  rarely  seen,  and  grouped  papular  sypbihdes  are  also  of  rare 
occurrence  and  are  found  in  connection  with  the  same  lesions  of  he  face  and  eyelids. 
Gummata  of  the  conjunctiva  ^re  rare,  and,  according  to  de  Beck,  usually  are 
developed  in  the  ridge  where  the  conjunctiva  passe?  into  the  cornea,  but  may  occur 
in  other  parts  of  the  mucous  membrane.  They  forn  rou  ided  tumors  of  the  size  of  a 
split  pea.  They  are  smooth  and  firm,  present  a light-pink  color,  and  when  uncom- 
plicated cause  no  pain.  They  grow  rapidly,  quickly  disappear  under  proper 
general  and  local  treatment.  In  the  absent"1  of  a specific  histoiy  they  may  be 
mistaken  for  cyst,  abscess,  or  chalazion,  obese  cases  should  be  treated  with  iodid 
of  potassium  internally  and  cleansing  washes  locally. 

Conjunctival  Ulcers,  asnle  fmm  those  occurring  as  a part  of  a tuber- 
cular or  malignant  process,  are  probably  of  more  frequent  occurrence  than 
has  been  generally  sup  post 'l  These  lesions,  which  are  often  situated  about 
one  millimetre  from  t>e  cornea  and  measure  from  two  to  four  millimetres 
in  diameter,  may  appear  in  any  part  of  the  membrane,  but  the  bulbar 
conjunctiva  corresponding  to  the  interpalpebral  space  is  a favorite  site. 
The  disease  may  cause  marked  injection,  slight  swelling,  and  little  pain. 
Such  a lesion  will  be  overlooked  easily  unless  a solution  of  fluorescin  is 
used  v>  outline  it.  Where  only  the  epithelium  has  been  cast  off,  the  stain 
does  not  show  as  well  as  in  deeper  ulcers. 

,nhe  chief  causes  of  conjunctival  ulcers  are  trauma  and  syphilis.  Spme 
cases  follow  the  breaking  down  of  abscesses  due  to  measles,  variola,  and 
other  exanthematous  diseases.  Others  are  the  result  of  local  necrosis,  such 
as  occurs  in  diphtheria  of  the  conjunctiva.  The  condition  may  be  mis- 
taken for  acute  catarrhal  conjunctivitis. 
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Subconjunctival  Ecchymosis  (Subconjunctival  Hemorrhage)  is  a com- 
mon condition  which  follows  injuries  or  operations  or  may  occur  sponta- 
neously. It  consists  of  a collection  of  blood  beneath  the  ocular  or  transi- 
tional part  of  the  conjunctiva.  It  can  be  distinguished  from  inflammation 
by  its  uniformity  in  color  and  by  the  absence  of  vessels.  Subconjunctival 
hemorrhage  is  frequent  after  fractures  of  the  skull.  It  is  common  in 
elderly  people  whose  arteries  are  atheromatous,  and  often  occurs  in  children 
with  pertussis.  The  condition  does  not  call  for  any  particular  treatment. 
The  blood  will  be  absorbed  in  from  ten  to  twelve  days. 

Emphysema  of  the  Conjunctiva  occurs  from  the  same  causes  that 
produce  a similar  condition  of  the  lids,  viz.:  fracture  of  the  nasal  bones 
or  of  the  walls  of  the  frontal  or  ethmoidal  cells,  or  ulceration  of  the  bones 
leading  to  perforation  of  these  spaces.  It  may  result  from  forcible  blowing 
of  the  nose.  The  swelling  caused  by  emphysema  is  tense,  elastic,  and 
crepitates  on  pressure.  It  may  accompany  ecchymosis  or  may  exist  alone. 
The  proper  treatment  is  the  application  of  a compress  bandage. 

Chemosis  is  a condition  in  which  the  ocular  portion  of  the  conjunctiva 
becomes  edematous  and  is  lifted  up  around  the  cornea,  the  swelling  being 
often  so  great  that  the  membrane  projects  between  the  eyelids.  Such  swell- 
ings may  be  classified  as  active,  or  inflammatory,  and  passive,  or  non- 
inflammatory. The  former  is  present  in  almost  all  cases  of  purulent  con- 
junctivitis. It  follows  the  bites  of  insects  and  the  stings  of  bees.  It  is 
occasionally  seen  in  acute  catarrhal  conjunctivitis.  It  is  of  common  occur- 
rence in  acute  glaucoma,  iritis,  iridocyclitis,  and  in  infection  following 
operations  on  the  globe.  It  is  also  present  as  a symptom  of  nephritis  an  1 
ii  sometimes  caused  by  the  internal  use  of  certain  drugs,  such  as  :odid  of 
potassium  and  quinin. ' The  passive  form  of  chemosis  is  seen  in  o' a alco- 
holics and  in  gouty  persons. 

A form  of  edema  known  as  filtration  chemosis  occurs  che  aqueous 
humor  escapes  beneath  the  conjunctiva  through  a fistula  a1',  the  corneo- 
scleral margin. 

The  pathologic  condition  in  chemosis  is  simply  infiltration  of  the 
subconjunctival  tissue  with  leucocytes,  transuded  blood,  and  fibrin.  There 
is  also  a formation  of  new  vessels.  The  cordon  disappears  with  the 
subsidence  of  the  cause,  and  does  not  cal’  for  treatment  except  when  the 
swelling  threatens  the  integrity  of  the  cornea.  In  this  event  the  swollen 
tissue  may  be  incised  in  numerous  places  with  a cataract-knife.  The  small 
cuts  are  to  be  made  radial  to  the  cornea. 

Symblepharon,  an  abnormrl  cohesion  of  the  eyelid  to  the  globe  (Fig.  4, 
Plate  VII),  results  from  the  union  of  two  raw  surfaces,  and  may  be  caused 
by  trauma,  such  as  cuts  o;  biuos,  or  may  result  from  pemphigus  or  diphthe- 
ritic or  purulent  conjunctivitis.  It  is  rarely  seen  as  a congenital  condition. 
The  attachment  is  gem  rally  between  the  lower  lid  and  the  globe.  It  may 
consist  of  a few  s(cnler  threads  of  thickened  conjunctiva  or  may  exist  as  a 
dense  band  of  tis  me.  Anterior  symblepharon  is  an  adhesion  forming  a bridge 
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between  the  lid  and  globe,  but  not  reaching  to  the  fornix;  in  the  posterior 
variety  the  band  involves  the  fornix.  As  a result  of  symblepharon  there  is 
limitation  of  ocular  movements,  and  thus  diplopia  may  be  produced.  When 
the  adhesions  involve  the  centre  of  the  cornea  vision  will  be  reduced. 
Symblepharonic  eyes  are  often  irritated  and  hyperemic  from  constant  trac- 
tion. In  some  cases  the  lids  are  fastened  to  the  globe  in  such  a way  that 
closure  is  impossible,  and  thus  lagophthalmos  is  caused,  with  resulting 
corneal  mischief.  Often  there  is  also  entropion  and  trichiasis.  Mild  cases 
of  symblepharon  give  rise  to  few  or  no  symptoms. 

The  term  symblepharon  has  been  applied  also  to  the  contraction  and 
shrinking  of  the  conjunctiva  following  trachoma.  Here  there  is  no  adhe- 
sion of  opposing  surfaces,  but  a slow  diminution  in  size  of  the  cul-de-sac. 

The  prognosis  of  symblepharon  depends  on  the  extent  to  which  adhe- 
sions have  taken  place.  In  anterior  symblepharon  the  prognosis  is  favor- 
able; in  the  posterior  form  it  is  grave,  and  in  total  symblepharon  little 
improvement  is  to  be  expected.  When  caused  by  shrinking,  the  condition 
is  incurable.  The  treatment  is  surgical.  Various  operations  for  its  relief 
are  described  in  the  latter  part  of  this  chapter. 

INJURIES  TO  THE  CONJUNCTIVA. 

It  is  necessary  to  consider  the  lodgment  of  foreign  bodies  and  the 
effect  of  trauma  and  of  chemicals. 

Foreign  Bodies  often  lodge  upon  the  conjunctiva  and  are  of  the  most 
varied  nature.  They  cause  pain,  photophobia,  lacrimation,  and  blepharo- 
spasm. When  in  the  lower  cul-de-sac  the^  are  easily  observed.  If  in  the 
upper  fornix  they  are  often  overlooked,  and  'nn  be  seen  best  when  secondary 
eversion  of  the  lid  is  performed  or  when  the  lid  is  lifted  away  from  the 
globe  while  the  patient  looks  downward . The  foreign  body  may  rest  on 
the  conjunctiva  or  become  f astern  d In  the  membrane,  either  by  the  force 
which  originally  propelled  it  or  by  the  action  of  the  patient  in  rubbing  his 
eye.  A foreign  body  may  be  washed  away  by  the  tears.  If  found  loose  in 
the  conjunctival  sac,  it  can  he  removed  by  flushing,  the  eye  with  warm  physio- 
logic salt  solution.  If  at, ached,  it  can  often  be  removed  by  wiping  the 
conjunctiva  with  ? toothpick  wrapped  in  absorbent  cotton.  The  foreign 
body  becomes  caught  in  the  cotton,  and  thus  is  not  lost.  When  deeply 
lodged  in  the  upper  fornix  foreign  substances  may  remain  in  situ  for  many 
months,  producing  much  or  little  discomfort,  and  leading  to  a luxuriant 
growth  of  granulations.  Insects,  bugs,  and  larvae  may  lodge  in  the  cul- 
de-sac  and  often  cause  intense  irritation,  owing  to  the  action  of  the  formic 
acid  which  most  of  them  contain.  In  all  cases  where  the  presence  of  a 
foreign  body  is  suspected,  the  search  for  it  should  not  be  abandoned  until 
after  the  upper  fornix  has  been  explored. 

Burns  of  the  Conjunctiva  (Fig.  1,  Plate  X)  are  frequently  caused  by 
lime,  pieces  of  hot  metal,  or  gunpowder.  Scalds  often  follow  the  bursting  of 


DISEASES  OF  THE  CONJUNCTIVA. 


295 


water-gauges  on  locomotives.  The  gravity  of  such  injuries  is  often  unap- 
preciated at  the  time  of  the  receipt  of  the  injury.  Among  the  results  are 
ankyloblepharon,  symblepharon,  entropion,  ectropion,  as  well  as  lesions  of 
the  cornea  and  destruction  of  the  lids.  The  raw  conjunctival  surfaces  grow 
together  and  lead  to  extensive  adhesions.  In  the  treatment  an  attempt 
should  be  made  to  prevent  the  union  of  raw  surfaces.  If  the  lower  cul- 
de-sac  has  been  deeply  burned,  adhesion  will  be  sure  to  occur  and  the  fornix 
will  be  obliterated.  Burns  of  the  upper  cul-de-sac  without  destruction  of 
the  eyelid  are  rarely  seen. 

The  treatment  of  burns  of  the  conjunctiva  should  be  begun  at  the 
earliest  possible  moment.  Acids  can  be  neutralized  by  a 1-per-cent,  strength 
solution  of  sodium  bicarbonate  or  potassium  bicarbonate  (saleratus).  Hot 
metal  should  be  removed  as  soon  as  possible.  In  such  injuries  the  injection 
of  castor-oil  into  the  cul-de-sac  is  often  advised.  In  burns  by  lime  the 
offending  substance  should  be  removed  as  early  as  possible,  and  to  accom- 
plish this  a jet  of  cold  water  is  to  be  employed.  The  use  of  water  in  such 
cases  has  long  been  denounced  by  ophthalmic  writers,  but  recently  Andreae 
has  shown  that  cold  water  neutralizes  the  heat  generated  by  the  contact 
of  lime  with  tears,  and  aids  in  the  speedy  removal  of  the  lime.  Contrary 
to  popular  belief,  water  in  contact  with  oxid  of  calcium  does  not  generate 
sufficient  heat  to  injure  the  eye  within  ten  minutes.  It  may  happen  that 
the  pieces  of  lime  can  be  removed  more  rapidly  by  the  use  of  a spatula, 
knife-blade,  or  spud.  After  removal  has  been  accomplished  holocain  can 
be  used  to  relieve  pain  and  iced  compresses  can  be  applied  to  control  in- 
flammatory action.  The  adhesion  of  raw  surfaces  must  be  preveidea  by 
passing  a probe  into  the  fornices  twice  daily.  Yaselin  can  be  used  within 
the  cul-de-sac.  If  these  measures  are  insufficient,  Coover  and  Black  advise 
the  use  of  egg-film  placed  between  the  raw  surfaces.  The  film,  taken  from 
the  small  end  of  an  egg  is  to  be  placed  over  the  globe  an  I changed  daily. 
In  case  the  cornea  is  involved  the  use  of  atropin  will  tern  order. 

In  injuries  by  gunpowder  the  eye  should  be  anesthetized  by  holocain 
or  cocain  and  the  powder-grains  should  be  picked  out  by  means  of  a cataract- 
needle  or  snipped  off  with  scissors.  In  the  after  Are  itment  the  daily  use  of  a 
solution  of  boric  acid  will  be  in  order.  In  such  cases  the  cornea  often  is 
involved  and  atropin  must  be  used.  Often  the  powder-grains  will  be  driven 
through  the  cornea  and  into  the  iris  or  lens. 

Trauma  of  the  conjunctiva,  asit  e 3rom  the  lodgment  of  foreign  bodies 
or  burns,  must  be  considered.  The  membrane  may  be  torn  by  blows  from 
the  fist,  the  rent  being  often  situated  in  the  bulbar  conjunctiva  concentric 
with  the  cornea.  Such  cases  -equire  cleanliness,  a suture,  and  cool  appli- 
cations. 

A FFECTIONS  OF  THE  CARUNCLE. 

The  Plica  Semilunaris  and  Caruncle  participate  in  inflammations  of 
the  conjunctiva  These  parts  are  frequently  red  and  swollen  in  persons 
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suffering  from  eyestrain,  and  particularly  in  those  with  imperfect  conver- 
gence. The  older  writers  gave  considerable  attention  to  a localized  inflamma- 
tion of  the  caruncle  which  they  named  encantlns.  It  is  attended  by  infection 
and  swelling  of  the  sebaceous  glands,  and  may  lead  to  suppuration,  in  which 
case  the  small  abscess  should  be  opened. 

Excessive  development  of  hairs  on  the  caruncle,  tnchosis  carunculce, 
may  cause  persistent  hyperemia,  with  the  sensation  of  a foreign  body. 
Epilation  or  excision  of  the  hair-bulb  is  the  proper  treatment. 

Tumors  of  the  Caruncle. — As  primary  growths,  adenomata,  papillomata, 
cylindromata,  fibromata,  lymphangiomata,  sarcomata,  and  carcinomata 
have  been  seen  in  this  region.  They  should  be  excised.  Congenital 
telangiectasia?  and  dermoid  cysts  have  also  been  observed.  Lithiasis  of  the 
caruncle  is  a rare  affection.  The  concretions  should  be  picked  out  with  a 
cataract-needle. 

OPERATIONS  ON  THE  CONJUNCTIVA. 

The  chief  operations  performed  on  the  conjunctiva  are  those  for  pteryg- 
ium, symblepharon,  trachoma,  and  tumors.  Such  minor  procedures  as  the 
removal  of  a foreign  body  from  or  the  opening  of  an  abscess  ot  the  con- 
junctiva, or  the  application  of  medicines  to  this  membrane,  need  or  iurther 
mention  in  this  place.  In  all  operative  procedures  limited  to  or  involving 
the  conjunctiva  it  will  be  necessary  to  follow  certain  rules  regarding  the 
preparation  of  the  field  of  operation.  The  necessity  is  mne  the  less  patent 
although  the  impossibility  of  rendering  the  conjunctiva  sterile  is  now 
recognized.  The  skin  of  the  face,  forehead,  aid  eyelids  must  be  washed 
with  hot  water  and  soap,  then  with  bichlor'd  solution  (1  to  5000).  In 
case  pus  or  muco-pus  is  present  in  the  lacrina1  sac  the  secretion  must  be 
removed  and  the  passages  flushed  with  the  Scime  solution.  The  conjunctiva 
is  to  be  cleansed  by  causing  warm  steri  le  water  to  flow  over  its  entire  sur- 
face, the  upper  lid  being  everted.  rl  Ms  is  followed  by  a flushing  with 
bichlorid  (1  to  5000).  The  eye  s then  to  be  covered  with  a sterile  towel 
wrung  out  of  the  same  solution.  The  conjunctiva  is  then  anesthetized  with 
a sterile  holocain  or  cocair  solution,  the  medicine  being  conveyed  bv  a sterile 
dropper. 

Pterygium  Operations. — A pterygium  may  be  treated  by  (1)  excision, 
(2)  transplantation,  o1*  (3)  cauterization.  The  instruments  needed  are  a 
stop-speculum,  fl:  ation  forceps,  dissecting  forceps,  sharp-pointed  scissors, 
strabismus-hook,  needles,  needle-holder,  sutures,  a cataract-knife,  and  an 
eleetrocautory. 

1*  • -Excision  Operation  is  begun  by  seizing  the  pterygium  near 

the  corneoscleral  margin  and  lifting  the  growth  up.  The  apex  can  then  be 
shaved  oh  from  the  cornea.  If  the  surgeon  prefers  divulsion  a small  cut 
made  beneath  the  neck  of  the  growth  with  sharp-pointed  scissors  and  a 
eh abismus-hook  j§  passed  beneath.  The  divulsion  is  accomplished  bv  tear- 
ing in  the  direction  of  the  cornea.  It  is  claimed  that  this  procedure  gives 
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a better  separation  between  tlie  pterygium  and  the  cornea  than  can  be 
obtained  otherwise.  The  apex  being  freed,  the  body  of  the  growth  can 
be  separated  from  the  normal  conjunctiva  back  as  far  as  the  caruncle,  and 
then  excised.  The  gap  is  filled  by  uniting  the  adjacent  conjunctiva  with 
interrupted  sutures.  This  operation  is  applicable  only  to  small  pterygia. 
In  large,  fleshy  ones,  particularly  in  those  with  expanded  bases,  total  excision 
is  not  advisable,  since  the  motion  of  the  eye  in  the  opposite  direction  may 
be  limited  by  the  cicatrix.  In  such  cases  it  will  be  best  to  excise  only  the 
apex  and  a part  of  the  body  of  the  growth  or  to  resort  to  transplantation. 
Complete  excision  of  the  pterygium,  the  denuded  area  being  covered  with 
a Thiersch  flap,  has  been  successfully  practiced  by  Hotz. 

2.  Transplantation  is  done  by  first  separating  the  apex  as  described 
above.  The  growth  is  then  to  be  split  in  the  direction  of  the  long  axis, 
one-half  being  transplanted  into  the  upper,  the  other  into  the  lower,  fornix. 
The  raw  space  made  by  the  separation  of  the  growth  from  the  eyeball  is 


Fig.  215. — Operation  for  pterygium.  (McReynolds.) 


filled  by  suturing  the  adjacent  conjunctiva.  To  facilitate  sliding  of  the 
membrane,  incisions  are  to  be  made  concentric  with  the  cornea.  A gauze 
dressing  is  to  be  applied  and  the  sutures  are  removed  on  he  fourth  day. 
There  are  several  modifications  of  the  transplantation  >pt  nation,  that  of 
McKeynolds  being  preferred  by  the  author.  The  apex  c f che  growth  is  lifted 
up  from  the  cornea  and  is  separated  from  it  by  shaving  it  off  with  a von 
Graefe  knife.  Then  the  pterygium  is  to  be  thoroughly  lifted  from  the 
underlying  sclera  for  a distance  of  five  milhmet  es  from  the  cornea.  An 
incision  is  made  along  the  lower  border  of  the  growth  for  a distance  of  ten 
to  twelve  millimetres.  The  ocular  conjunctiva  is  separated  from  the  globe 
below  the  growth,  the  separation  extending  to  the  lower  fornix.  The  apex 
of  the  pterygium  is  to  be  flattened  and  unrolled  with  forceps,  while  two 
needles  are  passed  through  the  apex  of  the  growth  and  are  brought  out 
deeply  in  the  fornix,  as  is  shown  in  Fig.  215.  On  tying  the  suture  the 
pterygium  is  buried  and  at  the  same  time  the  denuded  scleral  area  is 
covered  with  conjunctiva.  The  suture  is  removed  at  the  end  of  a week. 

3.  Cauterization. — This  (Coe’s)  method,  according  to  Loring,  is  a 
valuable  procedure.  Ic  consists  simply  in  the  application  of  the  cautery  to 
the  apex  of  tb  j pterygium  on  the  cornea,  the  body  of  the  growth  not  being 
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touched.  The  operation  is  said  not  to  be  followed  by  pain  or  inflammatory 
symptoms.  One  thorough  application  is  said  to  be  sufficient. 

Symblepharon  Operations. — Procedures  for  the  relief  of  symblepharon 
anterius  are  successful,  while  operations  for  symblepharon  posterius  fre- 
quently are  failures.  In  the  former  condition  the  adhesion  is  severed  close 
to  the  eyeball,  and  reunion  is  prevented  by  daily  use  of  the  probe.  In  case 
the  symblepharon  extends  from  the  cornea  back  to  the  fornix,  the  ingenuity 
of  the  surgeon  will  be  taxed.  Among  the  best  operations  for  this  condition 
are  the  procedures  of  Knapp,  Arlt,  Teale,  and  Harlan. 

In  Knapp’s  method,  after  adhesions  have  been  severed,  the  defect  is 
covered  with  vertical,  stretched  flaps  of  conjunctiva,  which  are  stitched  into 
the  fornix.  In  Arlt’s  operation  the  corneal  part  of  the  symblepharon  is 
detached  and  is  stitched  into  the  fornix  by  threads  passed  through  the  lid, 
while  the  denuded  surface  is  covered  by  sliding  the  conjunctiva  from  each 
side.  This  method  of  disposing  of  symblepharon  insures  a conjunctival 
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Fig.  216. — Operation  for  symblepharon.  (Teyle.) 

A,  Tip  of  the  symblepharon.  B,  C,  Conjunctival  flaps.  D,  Deluded  surface  left  by 
removal  of  the  symblepharon  from  the  eyeball. 

surface  opposed  to  the  raw  spaces  if  the  conjunctiva  cannot  be  stretched 
sufficiently  to  cover  the  defect.  If  such  a contingency  arises  it  will  be  best 
to  cover  the  raw  surface  with  a bit  of  mucous  membrane  from  the  patient’s 
mouth,  or  a piece  of  rabbit’s  conjunctiva  or  a skin-graft  after  the  manner 
of  Thiersch. 

In  Teale’s  operation  the  ti  ) of  +he  symblepharon  is  left  in  situ  and 
the  remainder  is  dissected  from  the  eyeball  down  to  the  fornix.  The  defect 
is  closed  by  conjunctival  ffi  ns.  as  shown  in  Fig.  216. 

Harlan’s  operation  (Fig.  217),  which  the  author  has  used  successfully 
in  total  symblepharon  of  the  lower  lid,  is  performed  in  this  manner:  The 
eyelid  is  separated  from  the  globe  and  a bridge  is  made  of  the  lid  by  an 
incision  ( A-B ) parallel  to  its  margin.  An  incision  (C-D)  serves  to 
loosen  a skin-flap,  which  is  turned  inside  out,  drawn  beneath  the  bridge, 
and  stitched  by  its  raw  surface  to  the  raw  surface  of  the  lid.  The  space 
left  by  the  turning  of  the  flap  can  be  closed  by  sutures,  an  incision  ( C-E ) 
being  made  to  relieve  tension  on  the  tissues. 

Sk  n-grafting  in  Symblepharon. — Total  symblepharon  of  one  eyelid, 
a condition  formerly  supposed  to  be  incurable,  has  recently  furnished  a 
more  favorable  prognosis,  cases  having  been  operated  upon  successfully  by 
May,  Hotz,  and  others.  Formerly  mechanical  devices  were  used  to  prevent 
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reunion  of  the  cicatricial  bands,  but  of  late  surgeons  have  learned  that  no 
permanent  good  result  can  be  secured  unless  the  raw  surfaces  are  covered 
with  epithelium.  Mechanical  devices  (shields  of  glass,  porcelain,  lead,  and 
silver)  are  now  used  to  hold  large  Thiersch  grafts  in  position  until  they 
have  become  united  to  the  underlying  tissue. 

Removal  of  the  Tarsus  and  Retrotarsal  Folds. — This  (Heisrath’s) 
operation  dates  from  1882,  and  in  recent  years  has  come  into  use  in 
the  treatment  of  trachoma,  owing  to  Kuhnt’s  enthusiastic  advocacy  of  it. 
It  is  simply  a modification  of  an  operation  (excision  of  the  tarsus  and  the 
ciliary  border  of  the  lid)  which  was  done  by  Saunders  early  in  the 
nineteenth  century.  B.  A.  Pope,  in  18G9,  excised  the  major  portion  of  the 
upper  tarsus  for  entropion  and  trichiasis.  The  operation  is  begun  by 
everting  the  upper  lid,  which  is  seized  by  two  fixation  forceps  and  drawn 
strongly  upward.  This  exposes  the  junction  of  the  ocular  and  palpebral 
conjunctiva,  along  which  line  a curved  horizontal  incision  is  made  through 


Fig.  217. — Operation  for  syinblepharon.  (ITaelan.) 

the  conjunctiva  only,  from  canthus  to  canthus.  Three  stitchet  are  now 
passed  through  the  bulbar  conjunctiva;  the  fixation  forceps  is  now  released, 
and  the  lid  is  held  everted  over  a spatula  while  an  incisior  is  made  parallel 
with  and  from  three  to  five  millimetres  from  the  ciliary  ho.der.  The  con- 
junctiva and  tarsal  plate  are  then  dissected  carefully  from  the  orbicularis 
muscle.  The  wound  is  irrigated  with  bichlorid  solution  and  closed  by  the 
sutures  already  passed  through  the  bulbar  con  urictiva.  To  obtain  a sat- 
isfactory result  the  sutures  must  be  passe  1 th  -ough  corresponding  points 
in  the  wound-margins. 

Excision  of  the  Upper  Cul-de-sac,  an  operation  for  the  cure  of  trachoma 
which  was  reintroduced  by  • Galezovsk,  in  1874,  did  not  become  popular 
until  after  the  publications  of  Bruehet  (1882)  and  Despagnet  (1884). 
Hotz,  Jaesche,  and  Lloret  condemned  the  operation.  Lately  it  has  come 
into  use  largely  by  reason  of  xhe  opinion  of  Stephenson,  who  performed 
excision  of  the  upper  fornix  on  more  than  seventy  eyes,  and  saw  only  one 
untoward  result,  his  Lise 5 having  been  under  observation  for  periods  vary- 
ing from  two  to  six  years.  After  a successful  excision  a transverse  line  of 
scar-tissue  marks  the  site  of  operation,  the  fornix  being  represented  by  a 
shallow  depression.  The  ocular  movements  are  not  limited  and  ptosis  is 
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not  usually  induced.  The  upper  fornix  is  removed,  because  it  is  the  seat 
of  the  tissue  in  which  the  trachomatous  process  is  most  marked  and  least 
amenable  to  topical  treatment.  Removal  of  this  tissue  lessens  the  danger  of 
recurrence  of  the  trachomatous  process  and  of  pannus. 

The  operation  is  done  under  local  anesthesia.  The  upper  lid  being 
everted,  the  fornix  is  seized  and  drawn  downward.  At  each  extremity  of 
it  a needle  is  passed  bearing  a silk  suture,  whose  ends  are  held  taut  by  an 
assistant.  With  scissors  the  conjunctiva  is  separated  from  its  attachment 
to  the  tarsal  plate.  The  subconjunctival  tissue  is  then  dissected  and  the 
operation  is  completed  by  cutting  through  the  posterior  layer  of  the  cul- 
de-sac . F ree  bleeding  during  the  operation  may  necessitate  torsion  of  a few 


Fig.  21S. — Excision  of  the  upper  m'-d'-sac.  (After  Stephenson.) 

vessels.  Sutures  are  not  used  tv'  close  the  wound.  The  reaction  is  usually 
slight.  If  large  granulations  appear  in  the  wound  during  healing,  they  can 
he  cut  off  with  scissors.  Ptosis  may  follow  the  operation  and  soon  disappear. 

Expression  of  the  Conte  its  of  Trachoma  Follicles,  an  old  method  of 
treatment,  has  been  popularized  bv  the  articles  of  Hotz,  Noyes,  and  Knapp. 
The  procedure  requires  two  pairs  of  roller  forceps,  the  instrument  of  Knapp 
being  one  of  the  lest.  Under  cocain  or  general  anesthesia  the  upper  lid  is 
everted  and  sm/eci  with  the  forceps,  one  pair  being  used  to  steady  the  lid 
while  the  other  is  employed  to  roll  out  the  trachomatous  material.  Care 
should  be  leken  to  reach  all  parts  of  the  fornices.  After  the  squeezing 
process  I finished  cold  applications  are  used  for  two  or  three  days,  followed 
by  appropriate  local  treatment. 

Grattage  of  the  Conjunctiva. — This  operation,  which  many  French 
opnthalmologists  recommend  for  trachoma,  requires  a pair  of  fixation 
forceps,  a three-bladed  scarifier,  a tooth-brush,  and  a solution  (1  to  500) 
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of  bichlorid  of  mercury.  The  everted  lid  being  held  by  forceps,  the  sur- 
geon thoroughly  scarifies  the  conjunctiva  and  scrubs  the  incised  surface 
with  a stiff  brush  soaked  in  the  bichlorid  solution.  Cold  applications  are  to 
he  used  for  a few  days.  A probe  is  used  daily  to  prevent  the  formation  of 
adhesions  between  the  palpebral  and  ocular  parts  of  the  conjunctiva. 

Penectomy. — As  the  first  step  in  this  operation,  which  is  done  for 
pannus,  a piece  of  bulbar  conjunctiva  two  or  three  millimetres  wide  is 
removed  close  to  the  peripheral  border  of  the  pannus.  Then  a correspond- 
ing strip  of  subconjunctival  tissue  is  excised.  The  underlying  sclerotic, 
which  Boeckmann  claims  is  always  the  seat  of  scleritis  in  these  cases,  is 
scarified  with  a cataract-knife  until  it  appears  of  a normal  whitish  color 
and  the  vascularization  of  the  cornea  disappears.  This  step  is  usually  fol- 


Fig.  219. — Expression  of  trachoma  follicles.  (Autftok.) 

lowed  by  a copious  arterial  hemorrhage.  The  last  step  is  to  arrest  this 
hemorrhage  and  provide  for  an  open,  broad  wound  l f the  conjunctiva  is 
permitted  to  cover  the  scleral  wound,  the  object  of  the  operation  will  he 
defeated,  the  aim  being  to  form  a scar  which  shall  be  a bar  between  the 
corneal  and  pericorneal  inflammation.  To  prevent  the  conjunctiva  be- 
coming attached,  the  eye  is  turned  in  the  opposite  direction  and  the  wound 
is  filled  with  powdered  iodoform,  while  lemorrhage  is  controlled  by  pressure 
with  sterhe  gauze,  the  pressure  being  continued  for  half  an  hour.  The 
operation  is  followed  bv  in  created  vascularization  of  the  cornea;  but  this 
gradually  disappears,  and  hi  ti.ree  or  four  weeks  the  condition  of  the  cornea 
is  much  improved. 

Peritomy  (Syndecto ny  ; Tonsure  of  the  Cornea).— A less  formidable 
and  also  less  efficient  operation  than  periectomy  is  peritomy.  Under  local 
anesthesia  a strip  of  conjunctiva  is  removed  from  around  the  limbus.  Blunt 
scissors  are  used  to  cut  the  membrane.  A strip  three  or  four  millimetres 
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wide  is  removed  adjacent  to  the  cornea.  A small  Yolkmann  scoop  is  then 
used  to  remove  the  subconjunctival  tissue.  A gauze  dressing  is  applied, 
and  healing  is  uneventful.  This  operation  was  formerly  much  in  vogue  in 
the  treatment  of  pannus. 

Subconjunctival  Injections. — After  cleansing  the  conjunctival  sac  a 
local  anesthetic  is  used  and  the  lids  are  held  apart  by  the  fingers  of  an 
assistant  or  preferably  separated  by  a speculum.  Then  with  forceps  the 
conjunctiva  is  lifted  up  at  a point  six  to  eight  millimetres  from  the  limbus 
and  the  needle  of  a hypodermic  or  Pravaz  syringe,  filled  with  the  fluid,  is 
passed  to  the  depth  of  two  or  three  millimetres  in  a direction  parallel  with 
the  sclera.  The  fluid  is  then  discharged,  2 to  10  minims  being  injected. 
The  process  may  be  repeated  at  intervals  of  two  or  three  days. 

Indications. — Subconjunctival  injections  are  valuable  in  the  treat- 
ment of  inflammations  of  the  iris  and  ciliary  body,  in  sloughing  ulcers  of 
the  cornea,  in  scleritis  and  episcleritis,  in  detachment  of  the  retina,  and 
in  glaucoma.  They  ar&  of  little,  if  any,  value  in  chronic  keratitis,  in 
chorioiditis,  in  retinitis,  and  in  optic  neuritis.  The  subconjunctival  in- 
jection of  cocain  is  used  in  patients  requiring  enucleation  or  evisceration 
who  can  not  or  will  not  take  a general  anesthetic. 

Solutions  Used. — Bichlorid  and  cyanuret  of  mercury,  triehiorid  of 
iodin,  sodium  chlorid,  hetol  (cinnamate  of  soda),  and  sodium  citrate  are 
the  substances  which  are  most  frequently  used  at  the  present  day.  Many 
others  have  been  tried  and  abandoned.  As  regards  strength,  bichlorid  is 
used  from  1-30,000  to  1-1000;  triehiorid  of  iodin,  ±-3000  to  1-500;  sodium 
chlorid,  0.75-1000  to  2,  5,  10,  or  20  per  cent  ; hetol,  1 per  cent.;  sodium 
citrate,  5 per  cent. 

Accidents. — In  spite  of  the  use  of  a lot  al  anesthetic,  severe  or  ex- 
cruciating pain  not  infrequently  follows  subconjunctival  injections.  Ac- 
cording to  Darier,  the  addition  of  ? few  drops  of  a 1-per-cent,  strength 
solution  of  acoin  to  the  medicament  io  be  used  subcon junctivally  will  render 
the  injection  painless.  Subconjunctival  ecchymosis  may  follow  the  injury 
to  a vessel.  Injury  to  the  scien  will  not  occur  if  reasonable  care  is  used. 
Localized  necrosis  of  th  * conjunctiva  may  occur  after  a subconjunctival 
injection  of  a bichlorid  solution. 
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DISEASES  OF  THE  CORNEA. 

Since  the  cornea  is  the  most  exposed  part  of  the  eyeball,  it  is  par- 
ticularly liable  to  injury.  Devoid  of  blood-vessels,  except  at  the  extreme 
periphery,  it  readily  becomes  necrotic  under  the  influence  of  pathologic 
processes.  Hence  it  is  not  surprising  to  find  that  corneal  diseases  form 
a large  percentage  (25  to  33)  of  ophthalmic  affections,  and  that  of  10,000 
blind  persons  Uhthoff  found  that  over  13  per  -cent,  had  lost  their  sight  by 
corneal  diseases.  If  to  these  are  added  the  cases  in  which  purulent  con- 
junctivitis produced  corneal  complications,  the  percentage  of  blindness  from 
corneal  disease  is  more  than  27.  Hence  the  great  importance  of  corneal 
injuries  and  diseases  to  the  patient,  to  the  general  practitioner  of  medicine, 
and  to  the  ophthalmic  surgeon.  Although  the  layers  of  Bowman  and  Des- 
cemet  possess  great  resisting  power,  all  parts  of  the  cornea  are  susceptible  to 
pathologic  influences.  Unfortunately  for  ophthalmic  writers,  the  making 
of  a rational  division  of  corneal  diseases  is  as  yet  impossible,  since  there 
is  no  way  of  approaching  these  affections  according  to  a fixed  basis:  i.e., 
one  that  is  etiologic  or  anatomic. 

CONGENITAL  ANOMALIES. 

Opacities  often  occur  in  connection  with  anomalies  of  size  and  form 
of  the  cornea.  In  some  instances  corneal  clouds  are  the  only  demonstrable 
changes.  Such  opacities  may  be  stationary  or  progressive  after  birth,  or 
may  disappear  entirely.  Whether  these  opacities  are  due  uo  an  arrest  of 
development  or  to  an  intra-uterine  inflammation  is  ? •picsUon  which  is 
still  under  dispute,  although  most  of  the  late  authors  incline  to  the  latter 
view.  The  form  of  the  opacity  presents  many  variations:  soYnetimes  there 
is  a circular  cloud  involving  the  whole  of  the  lin  bus  (embryotoxon)  ; or 
several  sickle-shaped  opacities  are  found;  or  tongue-shaped  opacities  occupy 
the  periphery  of  the  cornea,  resembling  In  3 residuum  of  the  so-called 
sclerosing  keratitis  of  extra-uterine  life ; oi  a diffuse,  grayish-white,  dense 
opacity,  looking  like  porcelain,  involves  either  the  whole  cornea  or  the 
central  portion.  In  many  of  the  ca.-es  last  mentioned  alterations  in  shape 
(keratoconus  or  keratoglobus)  ave  present;  or  there  is  an  increase  of  intra- 
ocular tension  leading  to  hydrophthalmos.  Such  dense  opacities  arise  from 
the  posterior  surface  of  +he  co  mea.  If  only  a simple  cloud  is  present,  the 
lesion  is  in  the  endothelium.  In  enlargement  and  ectasia  of  the  cornea 
the  existence  of  a^  vle^r  of  the  posterior  surface  is  to  be  assumed  (von 
Hippel). 
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Pigmentation. — Kayser  saw  a patient  with  congenital  green  coloration 
of  the  periphery  of  the  cornea. 

Congenital  Ectasia  is  a rare  malformation  which  Pincus  attributes 
to  inflammation  occurring  in  the  second  half  of  fetal  life.  It  is  probably 
due  to  an  arrest  of  development  in  the  fetal  cleft,  forming  a coloboma  of  the 
cornea,  which  in  the  later  weeks  of  intra-uterine  life  becomes  filled  with  clear 
corneal  tissue.  In  WiirdemamPs  case  (Fig.  220)  a small  “segment  was 
implanted  on  the  cornea  like  a little  oval  watch-crystal,  five  millimetres  high 
and  seven  millimetres  in  width,  perfectly  clear  and  of  higher  refraction,  so 
that  the  subjacent  portion  of  the  iris  appeared  magnified.”  This  condition  . 
has  been  misnamed  congenital  staphyloma.  The  term  staphyloma  is  applied 
only  to  those  cases  in  which  involvement  of  the  iris  coexists  with  protrusion 
of  the  cornea. 

Hydrophthalmos  will  receive  consideration  in  the  chapter  on  “Glaucoma.” 


Fig.  220. — Congenital  ectasia  of  the  cornea.  (TVVpoemann.) 


Megalocomea  and  Keratoglobus  are  terms  used  synonymously  to  indi- 
cate enlargement  of  the  cornea.  The  difference  between  them  and  hydroph- 
thalmos should  be  clearly  understood.  In  megalocomea  the  eye  shows  no 
signs  of  internal  disorganization.  There  is  no  excavation  of  the  optic  nerve, 
and  good  vision  may  be  present.  !n  hydrophthalmos  there  is  excavation 
of  the  nerve-head,  internal  disorganization  of  the  eve,  and  loss  of  vision. 

Megalophthalmos  is  a rare  ^ngenital  condition  in  which  the  eye  is 
enlarged  in  all'  its  diameters  and  pathologic  changes  are  absent. 

Microcomea  is  found  in  cases  of  microphthalmos. 

Malformation  of  the  Cornea. — Fuchs  has  observed  that  often  in  cases 
of  inherited  syphilis  the  cornea  is  a vertical  ellipse. 

The  conger i Lai  conditions  here  mentioned,  with  the  possible  exception 
of  hydrophthalmos,  do  not  admit  of  treatment. 

TUMORS  OF  THE  CORNEA. 

Trimary  tumors  of  the  cornea  are  extremely  rare,  most  of  the  growths 
involving  this  structure  having  their  origin  in  the  conjunctiva.  Among 
the  primary  corneal  growths  which  have  been  reported  by  competent  ob- 
servers are  papillomata,  fibromata,  myxomata,  sarcomata,  epitheliomata, 
dermoids,  and  keloids.  Snellen,  Galezowski,  Stellwag,  Colsmann,  Lagrange, 
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and  Treacher  Collins  have  met  with  epitheliomata  of  the  cornea.  Rum- 
schewitz,  Panas,  and  Pagenstecher  have  reported  cases  of  primary  sarcoma 
of  the  cornea.  Silex  saw  a fibroma.  The  author  has  observed  one  case  of 
symmetrically  placed  tumors  of  the  corneae,  which  histologic  examination 
showed  to  be  fibromata.  Westcott  met  with  a keloid  of  the  cornea  occurring 
in  a babe  with  staphyloma.  Similar  cases  have  been  reported  by  R.  Simon 
and  I.  Szokalski.  Corneal  cysts  also  occur.  They  are  usually  implantation 
cysts  and  follow  perforating  injuries.  Collins  met  with  one  situated  partly 
in  the  cornea,  partly  in  the  sclera,  which  measured  9.5  by  5 millimetres 
and  was  lined  with  laminated  epithelium.  Generally  corneal  cysts  are  too 
small  to  be  seen  macroscopically,  and  are  found  on  microscopic  examination 
of  enucleated  eyes.  Schieck  has  observed  the  formation  of  four  superficial 
corneal  cysts  in  a case  of  blennorrhea  with  great  chemosis.  He  believes  that 
a superficial  marginal  keratitis  was  followed  by  the  formation  of  pseudo- 
pterygia, beneath  which  the  cysts  developed. 

Treatment. — Since  they  principally  occur  in  eyes  demanding  enuclea- 
tion, the  treatment  of  corneal  tumors  is  practically  nil.  If  the  growth 
is  observed  in  an  early  stage,  it  should  be  removed  and  subjected  to 
microscopic  examination.  The  prognosis  will  depend  upon  the  laboratory 
findings. 


INFLAfinATION  OF  THE  CORNEA. 

Inflammation  of  the  cornea  (keratitis,  corneitis)  may  be  acute  or 
chronic,  idiopathic  or  traumatic,  congenital  or  acquired,  primary  or  cec- 
ondary.  It  may  or  may  not  end  in  ulceration.  Keratitis  may  be  s mpl/ 
a local  process  leading  to  abscess  and  ulcer;  or  the  local  manifestation  of 
a constitutional  disease,  as  the  parenchymatous  keratitis  of  inherited  syph- 
ilis; or  it  may  be  only  a part  of  a disease — such  as  kerato-iritis  and  sclero- 
keratitis — involving  deeper  portions  of  the  eye.  In  kerat/L'<  Hie  cardinal 
signs  of  inflammation — heat,  swelling,  redness,  pain,  and  ns?  of  function — 
are  all  absent  early  in  the  disease.  The  existence  of  keratitis  is  then  evi- 
denced only  by  cloudiness.  This  lack  of  transparent  is  due  to  infiltration 
by  leucocytes  which  have  passed  into  the  cornea  from  the  adjacent  blood- 
vessels or  have  originated  from  the  fixed  cereal  cells  by  karyokinesis. 
Cloudiness  of  the  cornea  impairs  vision,  and  often  it  is  this  which  causes  the 
patient  to  consult  the  surgeon.  In  case:  of  keratitis  which  go  on  to  ulcera- 
tion, pain,  photophobia,  circumcornrj  ^edness,  and  hyperemia  of  the  con- 
junctival vessels  are  marked  symptom:  The  existence  of  a corneal  infiltrate 
is  shown  by  the  presence  of  cloudiness  and  a lack  of  lustre  at  the  affected 
spot,  but  the  surface  is  not  changed  in  curvature:  i.e.}  it  is  not  uneven. 
The  infiltrate,  in  favorab1?  cases,  disappears  by  resorption;  in  unfavorable 
ones  it  ends  in  suppuration,  in  which  case  suppuration  may  be  limited  to 
the  internal  layers  (corneal  abscess)  or  may  destroy  the  corneal  tissue 
external  to  the  abscess  and  thus  leave  a corneal  ulcer.  This  ulcer  is  de- 
scribed as  “foul  ’ when  its  walls  are  still  infiltrated,  or  “clean”  when  the 


306 


MODERN  OPHTHALMOLOGY. 


surrounding  cloudiness  has  disappeared  and  its  base  is  transparent.  An 
ulcer  which  is  covered  by  epithelium  reflects  light:  i.e.,  is  clear  and  bright. 
The  chief  clinical  sign  of  a corneal  ulcer  is  unevenness  of  the  corneal  sur- 
face, which  shows  an  excavation.  Corneal  suppuration  means  a loss  of 
substance,  and  this  loss  is  repaired  by  a new-tissue  formation  which  is  not 
corneal,  but  connective  tissue,  and  hence  is  opaque.  Hence,  a corneal  opacity 
means  a corneal  scar. 

The  source  of  pus  in  suppurative  keratitis  was  for  many  years  a sub- 
ject for  controversy.  It  was  formerly  erroneously  believed  that  corneal 
corpuscles  could  proliferate  to  form  pus-cells.  While  “the  corneal  corpus- 
cles about  an  ulcer  may  proliferate  to  some  extent  before  becoming  necrotic, 
the  new  cells  thus  produced  are  but  few  as  compared  with  the  immigrated 
leucocytes”  (Holden). 

In  its  normal  state  the  cornea  is  devoid  of  vessels  except  at  its  extreme 
periphery,  but  under  pathologic  conditions  vessels  are  rapidly  developed, 
being  necessary  to  the  reparative  process.  After  this  is  complete  the 
vessels  diminish  in  size  and  number  and  may  entirely  disappear  It 
is  important  to  know  the  situation  of  vessels  in  the  cornea,  since  this  fur- 
nishes an  index  of  the  kind  of  keratitis  present.  Superficial  vessels  are 
clearly  seen.  They  spring  from  the  marginal  loops  of  vessels  in  c)  e limbus, 
and  can  be  traced  from  the  cornea  to  the  limbus  and  thenco  ;o  Lhe  conjunc- 
tiva. They  branch  arborescently.  Pannus  may  be  taken  as  a type  of  super- 
ficial vascularization.  Here  the  vessels,  for  ..the  most  pl4rt,  do  not  lie  in 
the  cornea,  but  in  a newly  formed  tissue  resting  on  the  cornea.  Deeply 
seated  vessels  are  not  clearly  recognizable,  siice  t ie)  are  clouded  by  in- 
filtrate in  the  superficial  corneal  layers  restmg  over  them.  They  are  of  a 
reddish-gray  color  and  arise  from  the  v^ssolb  of  the  sclera  close  to  the 
margin  of  the  cornea.  They  seem  to  end  suddenly  at  the  corneal  margin; 
and  in  branching  they  form  ramifmaSous  running  parallel  with  one  an- 
other, like  the  straws  of  a broom.  Parenchymatous  keratitis  shows  this 
type  of  vascularization. 

The  cornea  having  to  sustain  the  intra-ocular  tension,  it  follows  that 
any  pathologic  process  which  softens  this  membrane  renders  it  liable  to 
the  danger  of  alteration  in  its  curvature.  Thus,  keratitis  is  often  followed 
by  staphyloma.  "Neighboring  tissues  participate  in  the  pathologic  process 
in  keratitis;  thu^  there  is  conjunctival  and  ciliary  hyperemia.  Iritis  and 
iridocyclitis  are  oemmon  in  severe  cases,  and  pus  forms  in  the  anterior 
chamber  (kyb^pyon).  While  a small  hypopyon  may  undergo  resorption, 
a large  one  is  likely  to  cause  corneal  necrosis  and  loss  of  vision. 

The  origin  of  hypopyon  has  been  the  subject  of  much  controversy. 
Ewing  states  that  it  has  been  attributed  to  the  direct  passage  of  leucocytes 
though  Descemet’s  membrane  (Horner,  Bokowa) ; to  the  traveling  of 
leucocytes  around  DescemePs  membrane  and  their  passage  into  the  anterior 
chamber  via  the  ligamentum  pectinatum  (Schweigger) ; to  leucocytes  orig- 
inating in  the  endothelium  (Hoffman) ; to  direct  rupture  of  Descemet’s 
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membrane  (Weber,  Verdese,  Silvestri)  ; to  leucocytes  from  the  canal  of 
Schlemm  and  small,  deep,  circumcorneal  vessels  (Nuel)  ; and  to  exudation 
from  the  iris  (Arlt). 

Uhthoff  and  Axenfeld,  after  a series  of  careful  investigations,  doubt  the  origin 
of  hypopyon  from  the  cornea,  and  attribute  it  to  the  iris  and  ciliary  body.  Their 
conclusions  have  been  generally  accepted  by  modern  ophthalmologists.  Elschnig 
has  attributed  the  breaks  in  Deseemet’s  membrane  to  erosions  produced  by  chemo- 
tactic  changes  in  aggregations  of  leucocytes  on  the  posterior  surface  of  the  cornea, 
the  leucocytes  being  derived  from  the  iris,  ciliary  body,  and  ligamentum  pectinatum. 
Two  points  in  favor  of  this  view  are  the  absence  of  bacteria  in  hypopyon  and  its 
frequent  occurrence  with  intact  membrane  of  Descemet.  Onyx , a term  much  used 
by  the  older  writers  to  describe  the  shape  of  an  hypopyon,  is  now  applied  to  a 
collection  of  leucocytes  in  the  corneal  stroma  or  beneath  Descemet’s  membrane. 


CLASSIFICATION  OF  CORNEAL  INFLAMMATIONS. 

Although  no  absolutely  correct  classification  of  corneal  inflammations 
is  possible  in  the  present  state  of  science^  for  teaching  purposes  it  is  ad- 


Fig.  221. — Vascularization  of  the  cornea.  (Elschnig.) 

The  upper  half  of  the  illustration  shows  superficial  vessels;  the  lower 
half  shows  deeply  seated  vessels. 


visable  to  set  before  the  reader  a subdivision  of  these  diseases.  Since  a 
classification  founded  on  etiologic  factors  is  impossible,  these  inflamma- 
tions may  be  divided  according  to  their  location  (as  superficial  and  deep), 
or  according  as  the  process  of  infiltration  undergoes  resorption  or  advances 
to  suppuration  (non-suppurative  and  suppurative  keratitis).  For  practical 
purposes  the  latter  method  is  preferred,  and  thr  s ibjoined  classification 
is  submitted  with  the  understanding  that  it  is  open  to  criticism : — 


(A)  Suppurative  Keratitis. 

1.  Ulcer  of  the  cornea.  3.  Neuroparalytic  keratitis. 

2.  Creeping  ulcer  of  the  cornea.  4.  Lagophthalmic  keratitis. 

5.  Xerophthalr  ic  keratomalacia. 

(B)  NoN-surPURATivE  Keratitis. 

Phlyctenular  or  eczematous  keratitis.  8. 

Interstitial  keratitis.  9. 

Vascular  keratitis.  10. 

Bullous  and  vesicular  ktre  dtis.**- 
Aspergillar  keratitis. 

Malarial  keratPis 


7.  Filamentary  keratitis. 


Keratitis  punctata. 

Superficial  punctate  keratitis. 
Ribbon-shaped  corneal  opacity. 
H.  Herpes  of  the  cornea. 

12.  Marginal  keratitis. 

13.  Striped  keratitis. 

14.  Disc-like  keratitis. 

15.  Grill-like  keratitis. 
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(A)  SUPPURATIVE  KERATITIS. 

Ulcer  of  the  Cornea. — When  a corneal  infiltrate  does  not  undergo 
resorption  it  ends  in  suppurative  keratitis.  It  must  be  understood,  how- 
ever, that  non-suppurative  and  suppurative  inflammations  merge  into  one 
another  by  insensible  degrees.  If  the  suppuration  leads  to  a circumscribed 
collection  of  pus  between  the  corneal  lamellae,  the  condition  is  known  as 
corneal  abscess.  If,  in  this  condition,  the  superficial  corneal  layers  undergo 
necrosis,  so  that  the  abscess  communicates  with  the  external  world,  the  case 
is  one  of  corneal  ulcer.  In  the  life  of  an  ulcer  several  stages  are  recognized. 
When  the  ulcer  is  spreading  and  its  edges  are  “foul,”  we  speak  of  the  state 
of  progression ; when  it  begins  to  become  “clean”  and  shows  signs  of  healing, 
the  stage  is  that  of  regression;  and,  when  it  undergoes  healing,  we  speak 
of  the  stage  of  cicatrization.  This  last  stage  invariably  leaves  a scar  of 
greater  or  less  extent,  and  this  interferes  with  the  transparency  of  the 
cornea.  If  the  process  of  ulceration  is  unchecked,  it  leads  to  perforation 
of  the  cornea,  with  such  important  sequelae  as  iris-prolapse,  the  formation 
of  anterior  synechiae,  or  anterior  polar  cataract,  and  in  some  iusLances 
destruction  of  the  eye  by  panophthalmitis.  Microorganisms  are  nece'.sary 
to  corneal  suppuration,  and  these  are  generally  introduced  from  without, 
finding  lodgment  in  some  minute  spot  of  corneal  tissue  crom  which  the 
epithelium  has  been  exfoliated  or  removed  by  trauma.  The  warmth  and 
moisture  found  about  the  eye  are  factors  favorable  to  the  growth  of  bac- 
teria. Corneal  wounds  which  are  promptly  treated  and  dressed  aseptically 
rarely  lead  to  suppuration.  Unfortunately  tin  re  a~e  no  means  of  rendering 
the  eye  absolutely  aseptic,  compatible  with  Ihe  integrity  of  its  tissues. 

Perforation  occurring  in  the  course  c*  ^n  ulceration  of  the  cornea  is 
a result  of  several  factors,  such  as  increased  intra-ocular  pressure  from 
sneezing  or  crying,  from  blepharosp  imr,  or  from  increased  blood-pressure. 
A sharp  pain  and  a sudden  escape  oi  aqueous  humor  are  the  subjective  signs 
of  perforation.  Objectively  it  ;s  indicated  by  minus  tension  of  the  eye, 
obliteration  of  the  anterior  chamber,  with  or  without  the  presence  of  iris- 
prolapse.  Previous  to  the  occurrence  of  perforation,  when  the  ulcer  has 
acquired  great  depth,  the?e  may  be  a projection  of  the  membrane  of  Des- 
cemet,  in  the  form  of  a transparent  vesicle  (keratocele),  which  fills  the 
floor  of  the  ulcer  arm  may  advance  beyond  the  level  of  the  cornea.  If  the 
perforation  is  small  and  central,  the  iris  may  not  become  prolapsed,  but 
the  lens  is  pushed  forward  and  closes  the  opening.  An  exudate  is  poured 
out,  rud,  after  the  aqueous  humor  reaccumulates  and  the  lens  resumes 
its  normal  position,  a tag  of  exudate  is  found  adhering  to  the  anterior 
capsule  of  the  lens.  Thus  there  is  formed  an  anterior  polar  cataract.  In 
cuch  cases  repeated  ruptures  of  the  cicatrix  may  be  followed  by  a permanent 
-fistula  of  the  cornea.  While  a perforation  may  be  looked  upon  as  an  alarm- 
ing accident,  as  a matter  of  fact  its  influence  upon  corneal  ulceration  is 
generally  favorable,  by  reason  of  the  sudden  reduction  of  tension  permitting 
an  improvement  in  the  circulation  of  corneal  fluids. 
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In  case  of  perforation  located  outside  the  centre  of  the  cornea,  the 
iris  becomes  attached  at  the  site  of  perforation,  and  remains  there,  forming 
an  anterior  synechia.  The  plugging  of  the  perforation  permits  the  rapid 
restoration  of  the  anterior  chamber,  and,  under  favorable  circumstances, 
healing  takes  place  with  the  formation  of  a flat  cicatrix.  Under  unfavorable 
circumstances,  the  prolapsed  iris  and  cicatricial  tissue  are  too  weak  to  resist 
intra-ocular  pressure,  and  a bulging  scar,  staphyloma  of  the  cornea , results. 
Where  practically  the  whole  cornea  perforates,  there  is  a total  prolapse  of  the 
ii~is.  Among  the  accidents  following  perforation  are  luxation  or  extrusion 
of  the  lens,  the  occurrence  of  intra-ocular  hemorrhage,  purulent  irido- 
cyclitis, and  panophthalmitis.  In  cases  where  these  disastrous  complications 
do  not  ensue,  and  where  healing  progresses  favorably,  a corneal  scar  results, 
which  may  be  more  or  less  opaque  for  many  months  or  years. 

Etiology. — Corneal  ulcers  may  be  primary  or  secondary.  The  former  begin  in 
the  cornea,  while  the  latter  are  due  to  conditions  located  originally  in  tissues  outside 
of  the  cornea.  Primary  ulcers  often  result  from  trauma,  such  as  the  impact  or 
lodgment  of  a foreign  body,  the  friction  of  misplaced  cilia,  wounds  received  acciden- 
tally or  by  operations,  burns  or  scalds,  etc.  Secondary  ulcers  result  from  inflamma- 
tions of  the  conjunctiva,  disturbances  in  the  trigeminal  nerve,  or  the  existence  of 
grave  typhoid  states.  Extreme  protrusion  of  the  eyes  in  exophthalmic  goitre  may 
lead  to  inability  of  the  lids  to  protect  the  corneae,  which  slough.  Rapid  sloughing 
of  the  cornea  may  follow  exposure  to  extreme  cold. 

As  regards  age,  corneal  ulcers  are  exceedingly  rare  in  children,  except  as  a 
feature  of  phlyctenular  keratitis  or  as  following  purulent,  diphtheritic,  variolar,  or 
croupous  conjunctivitis.  In  middle-aged  and  elderly  persons  they  are  very  common. 
It  is  probable  that  such  individuals  possess  slight  resisting  power  to  the  inva^lo. 
bacteria,  which  are  ever  present  in  the  conjunctival  cul-de-sac,  and  are  importa  it 
factors  in  the  etiology  of  corneal  diseases.  The  microorganisms  found  corneal 
ulcers  are  numerous  in  variety  and  include  the  ordinary  pus-cocci  ( strep Lococcus, 
staphylococcus,  gonococcus),  the  Bacillus  ulceris  corneve  (zur  Nedden’s  jacillus), 
the  diplobacillus  of  Morax-Axenfeld,  the  pneumococcus,  the  diphtheria  (Klebs- 
Loeffler)  bacillus,  the  Bacillus  pyocyancus,  the  Bacillus  subtil's,  mid  the  colon 
bacillus.  Rarely  is  a corneal  ulcer  due  to  schizomycetal  infection:  Aspergillus 
fumigatus , flavus,  niger,  or  picrum.  Serpiginous  ulcers  with  hypopyon  are  almost 
invariably  due  to  pneumococcic  infection.  Ulcers  no*  typically  serpiginous  are 
generally  due  to  the  staphylococcus  and  streptococcus  ) ut  may  result  from  the 
pneumococcus.  As  regards  social  position,  ulcer  a of  the  cornea  are  much  more 
common  among  the  poor  and  laboring  classes  than  among  the  rich,  the  middle,  and 
the  professional  classes.  This  is  due  to  two  factors:  deficient  nutrition  and  the 
liability  to  trauma  among  these  unfortunates 

Varieties  of  Ulcers  of  the  Cornea. — Ulcers  of  the  cornea  present 
many  clinical  variations.  Aside  from  the  catarrhal  nlcers  which  are  men- 
tioned on  page  253,  and  phlyctenular  ones  which  will  be  considered  under 
the  head  of  “Phlyctenular  Keratitis,"  there  are  others,  viz.:  the  simple 
ulcer,  the  round  centre’  Ucer,  the  rodent  ulcer,  the  crescentic  ulcer,  the 
dendriform  ulcer,  tim  atheromatous  ulcer,  the  atrophic  ulcer,  and  the  ser- 
pent ulcer. 

The  Simple  Lleer,  which  may  be  secondary  to  the  rupture  of  a phlyctenula,  or 
primarily  caused  b}  trauma,  presents  itself  as  a small,  superficial  opacity,  with  loss 
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of  corneal  substance  and  slight  pericorneal  injection.  It  may  be  simple  or  multiple, 
and  tends  to  recur.  VTiile  generally  healing  without  incident,  in  the  ill  nourished 
it  may  be  converted  into  a deep,  purulent  ulcer.  Under  the  use  of  a boric  acid 
solution  these  ulcers  often  heal  readily.  If  due  to  phlyctenular  disease,  the  ointment 
of  the  yellow  oxid  of  mercury  should  be  employed.  In  any  event,  attention  to  the 
general  health  will  be  in  order. 

The  Round  Central  Ulcer , sometimes  called  the  central,  non-irritative  ulcer,  is 
indolent  and  stationary,  often  remaining  for  months.  It  is  round,  and  is  located 
over  the  pupil.  Often  it  is  clear  at  the  bottom,  but  may  show  some  infiltration. 
It  is  characterized  by  the  absence  of  irritative  symptoms.  Vessels  are  commonly 
absent,  and  photophobia  and  lacrimation  are  not  marked  symptoms.  Such  ulcers 
occur  in  cases  of  chronic  catarrhal  conjunctivitis  and  in  trachoma.  They  may 
remain  superficial  or  may  become  deep  and  end  in  perforation  or  in  the  formation 
of  a permanent  scar.  As  regards  treatment,  any  conjunctival  disease  present  must 
receive  appropriate  attention.  This,  combined  with  the  daily  use  of  a 1-per-cent, 
strength  solution  of  boric  acid,  and  the  protection  of  the  eyes  by  dark  glasses,  will 
suffice.  Atropin  is  generally  unnecessary  in  this  form  of  ulcer. 

The  Rodent  Ulcer  ( ulcus  rodens  of  Mooren )•  was  described  by  Bowman,  in  1849, 
and  by  Mooren,  in  1867.  It  is  a rare  condition,  and  occurs  chiefly  in  advanced  life. 
Its  etiology  is  not  known.  Rodent  ulcer  generally  develops  at  the  corneal  margin  as 
a narrow,  extended,  superficial  infiltration  which  soon  forms  an  ulcer  and  presents 
marked  inflammatory  symptoms.  It  is  separated  from  the  normal  central  ntxrt  of 
the  cornea  by  an  irregular,  interrupted,  grayish  margin  about  1 millimetre  n w.dth. 
This  line  presents  undermined  edges  and  is  the  advancing  border  of  thp  ulcer.  The 
undermining  is  characteristic  of  rodent  ulcer.  The  surrounding  cor  v.al  tissue  is 
infiltrated,  and  from  the  limbus  vessels  pass  into  the  diseased  ‘ rev'.  The  ulcer 
becomes  clean  and  begins  to  cicatrize.  About  this  time  other  ulcers  appear  within 
the  zone  which  was  first  attacked,  and  the  process  continue*  until  only  a small 
central  area  of  the  cornea  remains  unaffected.  Commonlv  Lotn  eyes  are  involved 
and  the  patient  becomes  blind.  The  course  of  the  disease  is  slow  and  may  last  for 
months.  According  to  McNab,  an  ulcer  of  less  than  thre'  months’  duration  should 
not  be  named  rodent. 

In  the  course  of  the  process  the  epithelium,  the  anterior  elastic  lamina,  and  the 
outer  layers  of  the  substantia  propria  are  des'ro^eu,  thus  materially  reducing  the 
thickness  of  the  cornea.  Hypopyon  is  rare  ana  perforation  of  the  cornea  has  not 
occurred  in  any  of  the  reported  cases.  The  rrognosis  of  rodent  ulcer  is  grave.  If  it 
is  seen  at  an  early  stage,  the  process  may  be  checked  by  the  use  of  the  galvano- 
cautery.  This  should  be  applied  with  n e care,  lest  the  remaining  normal  tissue 
be  destroyed.  Following  this  treavm  it  the  eye  should  be  kept  sterile  by  the  use  of 
bichlorid  vaselin — 1 to  3000;  nr  I to  5000 — three  or  four  times  a day.  Some 
surgeons  curette  the  infected  a *ea,  cut  away  the  rough  edges,  and  apply  tincture  of 
iodin  to  the  raw  surface. 

The  Ring  Ulcer  ( ring  abscess),  which  appears,  for  the  most  part,  in  aged  and 
decrepit  subjects,  begi  is  near  the  limbus  and  extends  around  the  circumference  of 
the  cornea.  Thus,  the  nutrient  supply  is  cut  off  and  the  whole  cornea  sloughs. 
Pain  is  not  a proi  iin»  nt  symptom  in  these  cases.  A common  cause  of  ring  ulcer  is 
trauma.  The  disease  is  frequent  among  miners.  Not  infrequently  it  follows  surgical 
operations  .na^e  upon  the  eyeball.  Often  the  case  ends  in  panophthalmitis  and 
requires  mucloation.  The  infection  may  be  due  to  the  streptococcus,  the  pneumo- 
coccus, or  i>e  Bacillus  pyocyaneus.  A similar  ulcer  is  sometimes  seen  in  children  as 
a result  of  phlyctenular  disease. 

Tht  only  remedy  for  ring  ulcer  is  destruction  of  the  infected  area,  preferably 
by  t’  e galvanocautery.  Eserin  in  weak  solution  (gr.  *4  to  5j)  is  useful.  Hot  applica- 
tions can  also  be  employed  with  benefit,  but  poultices  are  never  in  order.  If  perfora- 
tion is  threatened,  eserin  should  be  instilled  and  paracentesis  should  be  performed. 
Later  in  the  history  of  the  case,  or  after  the  galvanocautery  has  been  employed, 
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atropin  will  be  in  order  to  check  iritis.  Tonics,  antiperiodics,  and,  in  suitable  cases, 
stimulants  are  to  be  used.  In  the  ring  ulcer  of  children  it  will  be  necessary  to  use 
an  ointment  of  the  yellow  oxid  of  mercury  locally  and  to  give  attention  to  the  general 
health. 

The  Crescentic  Ulcer  (also  called  the  “chiseled ,”  or  “ ditch ulcer)  is  one  of 
the  rarest  and  most  intractable  forms  of  corneal  disease.  It  generally  appears  at 
the  upper  part  of  the  cornea,  beginning  near  the  limbus  and  extending  like  a 
crescent.  It  is  called  “chiseled”  because  it  looks  as  though  the  epithelium  and  sub- 
stantia propria  had  been  cut  out  with  a chisel.  Such  an  ulcer  spreads  rapidly,  follow- 
ing the  curve  of  the  corneal  margin.  The  sclera  is  not  involved.  There  may  be  two  or 
even  three  such  ulcers  in  the  same  eye.  In  the  early  stage  the  crescentic  ulcer  is 
almost  transparent.  Pain,  photophobia,  lacrimation,  and  redness  are  marked  symp- 
toms. If  unchecked  the  process  leads  to  perforation  of  the  cornea  with  prolapse  of 
the  iris.  In  the  regressive  stage  such  an  ulcer  becomes  cloudy,  or  of  a grayish- 
white  color,  vessels  grow  into  it,  and  it  fills  with  semi-opaque  tissue.  Iritis  is  a 
frequent  complication.  This  type  of  ulcer  is  usually  due  to  catarrhal  conjunctivitis. 
In  simple  cases  the  treatment  of  the  affected  conjunctiva  by  solutions  of  silver 
nitrate  or  of  argyrol  will  be  required.  Severe  cases  will  need  the  galvanocautery 
locally,  and  tonics  and  stimulants  internally. 

The  Atrophic  Ulcer,  which  is  found  in  neuroparalytic  keratitis,  is  characterized 
by  a paucity  of  subjective  and  objective  signs  of  inflammation.  The  ulcer  appears 
in  the  central  part  of  the  cornea  as  a grayish  depression  with  ill-defined  edges. 

The  Bacillus  Pyocyaneus  Ulcer  is  characterized  by  violent  inflammatory  symp- 
toms, rapid  destruction  of  the  cornea  often  leading  to  panophthalmitis,  and  the 
presence  of  a greenish-yellow,  purulent  discharge.  The  infection  follows  an  injury. 
The  prognosis  is  grave.  The  treatment  is  similar  to  that  of  ulcus  serpens. 

The  Dendritic  Ulcer  will  be  described  under  the  name  of  “Malarial  Keratitis.” 

The  Atheromatous  Ulcer  is  found  in  old  corneal  scars  and  in  staphylomato-* 
eyes  which  have  undergone  hyalin  degeneration  with  deposition  of  lime  salts.  Small 
pieces  of  lime  may  be  found  lying  on  the  floor  of  the  ulcer  under  a thick  co  iting  oi 
pus.  These  ulcers  tend  to  perforation  and  the  consequent  production  of  panophthal- 
mitis. The  atheromatous  ulcer  is  primarily  a necrosis,  thus  differing  from  the 
ordinary  ulcer,  which  is  primarily  an  infiltration.  It  differs  from  ulcvs  serpens  in 
this  respect,  that  the  necrotic  process  extends  only  so  far  as  Is  mcessary  for  the 
sequestration  of  a given  portion  of  the  corneal  tissues  (Fuchs).  ^ 

A form  of  suppurative  keratitis  which,  on  account  of  it*5*  -^riousness,  demands 
special  consideration  is  the  creeping,  serpentine,  or  serpiginous  ulcer. 

Creeping  Ulcer  of  the  Cornea  (Hypopyon  Keratitis— Roser  ; 
Necrotic  Corneal  Abscess  — Weber;  Ulcus  Corner  Serpens  — 
SxVEMiscH ; Serpiginous  Ulcer).— This  form  of  ulcer  begins  as  a rounded 
spot  of  a yellowish  or  grayish-white  cohi  ojeupying  the  central  portion  of 
the  cornea  (Fig.  2,  Plate  XI) . Its  teod»  ncy  is  to  spread  peripherally.  The 
opacity  is  greater  at  the  margin  of  die  ulcer  than  at  the  centre.  In  the  area 
of  propagation  the  margin  is  ele\  aied  and  more  yellow  than  in  other  places. 
Surrounding  the  ulcer  is  a zone  of  gray  infiltration  presenting  striae.  That 
part  of  the  cornea  corresp'u.ding  to  the  ulcer  is  at  first  somewhat  elevated, 
hut  soon  becomes  depi\sstd.  A violent  iritis  and  the  early  appearance  of 
hypopyon  attest  the  ;everity  of  the  pathologic  process.  Pain,  photophobia, 
eircum corneal  irjt2i/ion,  and  slight  edema  of  the  lids  are  present  in  most 
cases.  If  the  pro^ss  is  unchecked,  great  sloughing  occurs  with  corneal  per- 
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foration,  and  vision  is  correspondingly  reduced  or  entirely  lost.  When  per- 
foration occurs,  the  hypopyon  and  aqueous  humor  are  evacuated  and  the  iris 
prolapses.  In  favorable  cases  perforation  is  followed  by  a scar,  which  may 
be  flat  or  ectatic;  in  unfavorable  ones  panophthalmitis  ensues,  and  the  eye 
ends  in  phthisis  bulbi.  In  favorable  cases  a dense  scar  is  left  in  the  cornea, 
the  iris  is  adherent  to  the  lens,  and  the  pupil  is  occluded  by  a membrane. 
In  unfavorable  cases  the  destructive  process  is  rapid. 

Etiology.  Creeping  ulcer  of  the  cornea  may  be  found  at  any  period 
of  life,  but  is  most  frequent  between  the  fortieth  and  seventieth  years. 
Of  80  cases  occurring  in  the  Basel  ophthalmologic  clinic,  reported  by  Wehrle, 
22.5  per  cent,  were  poorly  nourished,  while  77.5  per  cent,  were  in  good 
condition.  In  56  cases  traumatism  was  present ; in  3 exposure  to  cold  was 
the  supposed  cause,  and  in  21  cases  the  cause  could  not  be  determined. 
Many  of  the  patients  presented  chronic  conjunctival  and  lacrimal  diseases. 
Creeping  ulcer  is  comparatively  frequent  among  miners,  vine-trimmers, 
harvesters,  and  others  who  are  exposed  to  accidental  injuries.  As  regards 
its  bacteriology,  it  will  suffice  to  say  that  recent  investigations  by  Dri  ault, 


Fig-  222.  Appearance  of  the  cornea  in  ‘-.'cus  serpens.  (Knies.) 
A,  In  the  height  of  the  disease.  B,  After  tre.  tm<  at  by  Saemisch’s  incision. 


Petit,  Coppez,  Mo  rax,  Axenfeld,  and  others  show  conclusively  that  most 
cases  of  serpiginous  ulcer  of  the  cornua,  and  all  typical  cases,  are  due  to 
the  pneumococcus,  which  is  found  between  the  layers  of  the  membrane. 
Other  bacteria,  particularly  the  staphylococcus  and  streptococcus,  cause 
ulcers  which  are  clinically  similar  to  the  pneumococcic  ulcer.  As  mentioned 
above,  trauma  can  be  traced  in  a majority  of  serpiginous  ulcers;  and  it 
is  safe  to  assume  +hf  t.  ;n  the  remainder  of  the  cases,  slight  injuries  to  the 
epithelial  layer  have  permitted  the  bacteria  to  begin  their  invasion.  In  all 
cases  of  ulcerous  karatitis  there  is  microbic  infection  which  is  exogenous 
in  type.  Whether  endogenous  microbic  infection  of  the  cornea  is  possible 
is  not  kn->wn. 

In  a large  percentage  of  cases  of  ulcus  serpens  the  patient  suffers  from 
trachoma  or  from  a chronic  inflammation  of  the  lacrimal  sac.  In  some 
instances  he  carries  the  infection  by  his  handkerchief  or  by  using  his 
si’iva  to  moisten  the  eye.  Ulcus  serpens  also  occurs  in  variola,  rubeola, 
typhus,  scarlatina,  etc.  Fuchs  states  that  the  ulcus  serpens  of  variola 
appears  not  in  the  height  of  the  disease,  but  in  the  stage  of  desiccation; 
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and,  like  the  ulceration  occurring  in  other  infectious  diseases,  has  been 
attributed  to  metastasis,  but  is  more  likely  due  to  infection  from  without. 
Variolous  ulcers  are  found  in  children  as  well  as  in  adults,  and  often  both 
eyes  are  affected. 

Pathology. — This  form  of  ulcer  spreads  both  laterally  and  in  depth. 
It  often  leads  to  perforation.  Early  in  the  history  of  the  case  intra-ocular 
disturbances  are  present,  such  as  turbidity  of  the  aqueous  humor,  the  pres- 
ence of  a fibrinous  exudation  on  the  lens  and  iris,  detachment  of  the  endo- 
thelium behind  the  ulcer,  and  the  presence  of  a purulent  exudation  in  the 
anterior  chamber.  Leucoc}rtes  are  abundant  in  the  tissues  about  the 
circumcorneal  zone,  in  the  anterior  chamber,  the  ligamentum  pectinatum, 
the  posterior  lamellae  of  the  cornea,  the  endothelial  layer,  and  in  the  iris. 


/ Fig.  223.— Creeping  ulcer  of  the  cornea.  <AUaHOR.) 

(Photomicrograph  by  Dk.  II.  P.  ) 

The  extending  ulcer  presents  overhanging  margins.  It  may  extend  in  one 
direction  while  healing  in  another.  Numerous  foci  of  inflammation  appear, 
scattered  over  its  floor.  The  corneal  lamellae  slough,  down  to  the  layer  of 
Descemet.  This  rarely  breaks  down  early.  Generally  it  bulges  forward  as 
a transparent  bleb,  filling  in  the  floor  of  the  ulcer.  When  it  ruptures,  the 
aqueous  humor  escapes,  the  count a collapses,  and  the  lens  either  comes  for- 
ward, blocking  the  rupture,  ir  it  escapes  entirely  from  the  globe.  Perfora- 
tion may  cause  intra-ocular  ‘nfection,  ending  in  panophthalmitis,  or  the 
morbid  process  may  shon  signs  of  improvement  and  the  eyeball  be  saved. 

Prognosis  or  Houneal  Ulcers. — However  small  and  insignificant  it 
may  appear,  a ro.-,jpal  ulcer  is  always  an  element  of  danger  to  visual  acuity 
and  even  to  the  integrity  of  the  globe.  Early  in  the  case  the  prognosis  is 
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usually  favorable.  However,  in  cases  of  purulent  conjunctivitis,  in  kera- 
tomalacia, and  in  serpiginous  ulcers  great  damage  will  often  result  in 
spite  of  early  and  intelligent  treatment.  The  prognosis  of  “foul”  and 
extending  ulcers  is  unfavorable,  while  if  the  ulcer  becomes  “clean”  the 
outlook  is  favorable.  When,  in  the  course  of  a corneal  ulcer,  vessels  extend 
from  the  limbus  into  the  floor  of  the  ulcer,  the  prognosis  is  good. 

Diagnosis. — The  presence  of  an  ulcer  of  the  cornea  is  determined  by 
inspection  by  natural  or  artificial  light,  with  or  without  the  aid  of  a mag- 
nifying  glass.  In  cases  of  blepharospasm  the  use  of  holocain  will  facilitate 
the  examination.  In  children  it  often  is  necessary  to  use  lid-retractors. 
To  determine  the  exact  limits  of  an  ulcer  the  surgeon  can  use  a 2-per-cent, 
strength  solution  of  fluorescin,  which  stains  the  denuded  part  of  the  cornea 
a greenish  tint,  in  marked  contrast  to  the  surrounding  normal  tissue. 

Treatment  of  Corneal  Ulcers  in  General. — In  the  treatment  of 
corneal  ulcers  the  principles  to  be  kept  in  mind  are:  1.  Removal  of  the 
cause.  2.  Limitation  of  the  pathologic  process  and  prevention  of  perfo- 
ration. 3.  Promotion  of  the  reparative  process.  4.  Removal,  so  fir  as 
possible,  of  the  effects  of  ulceration. 

1.  The  removal  of  foreign  bodies  lodged  in  the  cornea  or  conjunctiva, 
or  of  cilia  rubbing  on  the  globe,  will  be  in  order.  Since  many  cases  of 
corneal  disease  are  dependent  on  affections  of  the  conjunctiva,  it  will  be 
more  necessary  to  direct  treatment  to  the  latter  than  to  he  iormer. 

2.  To  limit  the  pathologic  process  and  prevent  peroration  is  usually 
an  easy  task  if  the  patient  comes  early ; but  under  rner  circumstances  it 
may  be  impossible.  The  chief  agents  in  limit'ug:  che  spread  of  an  ulcer 
are  various  antiseptics  and  caustics,  such  as  b.ohlorid  of  mercury,  formalin, 
tincture  of  iodin,  carbolic  acid,  and,  best  of  all  the  galvanocautery.  The  use 
of  atropin  solution  is  valuable  because  of  ’ts  effect  on  the  accommodation  and 
blood-vessels,  and  because  it  also  prev-m?  iritic  adhesions.  On  account  of  its 
constitutional  effects  it  must  be  usco  cautiously  in  children.  In  cases  where 
the  pupil  does  not  enlarge  under  its  application,  particularly  where  old 
and  firm  synechiae  are  present,  atropin  will  best  be  dispensed  with,  for  the 
reason  that  it  may  produce  increased  intra-ocular  tension.  In  deep  periph- 
eral ulcers  which  are  likely  to  perforate  it  should  not  be  used;  in  such 
cases  eserin  or  arecoiin  will  be  better  than  atropin.  As  a rule,  the  use  of 
a bandage  is  to  be  prohibited.  It  never  should  be  employed  where  secretion 
is  profuse,  sirco  here  it  becomes  moistened  and  hot,  and  acts  as  a poultice. 
The  chief  arguments  in  favor  of  a protective  bandage  are  that  it  keeps  dust 
from  the  eye  and  prevents  movement  of  the  globe.  In  order  to  immobilize 
the  affected  eye,  however,  it  will  be  necessary  to  bandage  both  eyes.  Poul- 
tice?. >,  hich  are  so  popular  with  the  laity,  have  no  place  in  modern  oph- 
thalmology. They  are  not  only  useless,  but  often  are  positively  harmful, 
^he  eyes  should  be  protected  from  light  by  smoked  glasses.  The  intermit- 
tent application  of  moist  heat  is  often  of  benefit.  It  can  be  applied  by 
pouring  boiling  water  on  a towel  and  placing  this,  when  somewhat  cooled. 
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upon  the  closed  eyelids,  leaving  it  in  position  for  two  to  five  minutes  and 
repeating.  These  applications  of  moist  heat  can  be  repeated  every  three  or 
four  hours  with  benefit.  The  collyria  used  should  generally  be  soothing 
and  non-astringent.  Collyria  leading  to  a metallic  deposit  in  the  cornea, 
such  as  lead  acetate,  should  not  be  used.  In  cases  of  hypopyon  ulcer,  Law- 
son  and  Davidson  have  reported  remarkable  improvement  from  the  use  of 
radium.  The  amount  used  varied  from  25  to  29  milligrammes,  the  ex- 
posures  lasting  for  five  minutes. 

Where  perforation  seems  impending,  daily  paracentesis  of  the  cornea, 
the  application  of  a bandage,  and  the  use  of  a miotic  to  reduce  intra-ocular 
tension  will  be  in  order.  The  subconjunctival  injection  of  a solution  of 
bichlorid  of  mercury,  which  has  been  advocated  by  Eeymond  and  Secondi, 
of  Turin,  and  Darier,  of  Paris,  is  an  efficient  means  of  checking  corneal 
necrosis  and  clearing  up  an  hypopyon.  After  the  local  use  of  cocain,  the 
injection  is  made,  a Pravaz  syringe  being  used.  The  solution  may  vary  in 
strength.  Gargarin,  of  St.  Petersburg,  used  a 1/10-per-cent.  solution, 
Secondi  uses  a solution  composed  of  1 part  of  sublimate  and  2 parts  of 
sodium  chlorid  dissolved  in  2000  parts  of  water.  The  amount  to  be  injected 
varies  from  a few  drops  to  one-half  of  the  capacity  of  the  Pravaz  syringe. 
Darier  injects  a solution  of  cyanid  of  mercury  (1  to  4000).  To  make  the 
injection  painless,  he  uses  cocain  or  holocain  locally  and  adds  a few  drops  of 
a 1-per-cent,  strength  solution  of  acoin  to  the  cyanid  solution.  These 
injections  are  sometimes  followed  by  burning  pain  lasting  for  an  hour 
edema  of  the  bulbar  conjunctiva,  and  swelling  of  the  upper  eyelid.  Ne- 
crosis of  the  conjunctiva  at  the  site  of  the  injections  may  occur.  On 
account  of  these  untoward  effects  of  sublimate  injections,  MeUinger  and 
others  have  abandoned  the  sublimate  for  a normal  salt  solution,  vdiich  is 
efficient  and  non-irritating.  Wehrle,  in  comparing  the  effect*:  of  linear 
cauterization,  subconjunctival  injections  of  sublimate,  and  subconjunctival 
injections  of  salt  solution  in  the  treatment  of  hypon^on  keratitis,  gives 
preference  to  the  salt  solution.  If,  under  the  plau  of  treatment  outlined 
above,  the  ulcer  continues  to  spread,  it  will  be  advisable  to  use  the  galvano- 
cautery.  Its  application  is  often  followed  b^  marked  improvement,  a foul 
ulcer  becoming  clean  and  repair  ensuing,  lx  the  surgeon  does  not  wish  to 
use  the  cautery,  he  can  curette  the  nicer  and  apply  tincture  of  iodin,  a 
strong  solution  of  nitrate  of  silver,  or  a drop  of  pure  carbolic  acid.  A 10- 
per-cent.  solution  of  pure  nitric  acid,  applied  by  means  of  a wooden  appli- 
cator, is  a valuable  caustic  for  serpiginous  ulcers.  In  this  kind  of  an  ulcer 
the  operation  known  as  Saemiseh’s  incision  is  often  followed  by  great  im- 
provement. In  this  procedure  a cataract-knife  is  passed  through  the  cornea 
and  the  hypopyon  is  evacuated  either  spontaneously,  or  with  forceps. 

3.  The  reparative  process  is  promoted  by  the  measures  just  described. 
Moist  heat  favors  t ie  reparation  of  necrotic  from  living  tissue,  promotes  the 
necessary  development  of  new  blood-vessels  in  the  cornea,  and  re.ieves  pain. 
It  is  particularly  valuable  in  subacute  ulcers.  Puncture  of  the  base  of  the 
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ulcer  or  paracentesis  external  to  it,  in  cases  of  impending  perforation,  is 
often  useful,  since  it  reduces  tension,  starts  a flow  of  lymph  into  the  cornea 
from  its  nutrient  vessels,  and  promotes  repair.  The  same  effect  results  from 
the  corneal  incision  of  Saemisch  in  serpiginous  ulcers.  Chandler  and  Risley 
have  found  the  use  of  a 10-per-cent,  ointment  of  cassaripe,  a vegetable  anti- 
septic, of  great  value  in  the  treatment  of  corneal  ulcers.  The  observance  of 
ordinary  hygienic  rules  and  the  use  of  tonics,  antiperiod ics,  and  sometimes 
of  stimulants  will  be  in  order  in  corneal  ulcerations  in  the  aged. 

4.  the  removal  of  the  effects  of  ulceration  must  take  into  consideration 
the  immediate  effects  (complications)  and  those  which  are  remote  (sequelae) . 
The  complication  most  to  be  dreaded  is  perforation  with  prolapse  of  the 
iris.  If  the  patient  is  seen  shortly  after  the  occurrence,  it  will  be  advis- 
able to  use  a general  anesthetic,  draw  the  iris  forward  through  the  opening, 
and  excise  it  close  to  the  cornea.  The  angles  of  the  iris-coloboma  are  then 
to  be  stroked  back  into  place  by  means  of  a spatula.  Gamo  Pinto  follows 
this  procedure  by  placing  an  excised  piece  of  conjunctiva,  twice  as  large  as 
the  original  opening,  between  the  lips  of  the  corneal  opening.  A com- 
pressing bandage  is  then  applied.  This  method  will  sometimes  result  in  ihe 
formation  of  a flat  scar  without  anterior  synechia.  The  treatmen.'  of  other 
complications  and  of  the  sequelae  of  corneal  ulcers  will  be  discussed  else- 
where in  this  chapter. 

Neuroparalytic  Keratitis  (Neuropathic  Keratitis) This  name  is 
applied  to  the  condition  of  the  cornea  which  follows  paralysis  of  the  oph- 
thalmic division  of  the  fifth  nerve. 

Etiology. — Paralysis  of  the  ophthalmic  division  of  the  fifth  nerve 
may  be  due  to  any  one  of  many  causes : tumors  in  the  pituitary  region  or 
at  the  base  of  the  brain;  syphilitic,  trauma  ic,  or  epidemic  meningitis; 
caries  of  the  temporal  bone;  fracture  o^  *he  skull;  primary  neuritis,  a rare 
cause;  disease  of  the  nuclei  of  the  trigeminal  nerve;  or  operation  for 
removal  of  the  Gasserian  ganglion  for  the  cure  of  neuralgia.  Whether  the 
lesion  is  located  in  the  nerve-trunk  or  in  its  nuclei  of  origin  in  the  brain, 
the  result  is  the  same.  In  pr,ra.  ysis  of  the  fifth  nerve  winking  and  lacrima- 
tion  do  not  occur ; henc<  s the  cornea  becomes  dry  and  minute  foreign  bodies 
settle  upon  it.  Infection  cakes  place  and  destruction  of  tissue  follows. 
Since  the  time  of  Magendie  it  has  been  customary  to  attribute  neuro- 
paralytic keratitis  to  the  loss  of  the  influence  of  trophic  nerve-fibres  sup- 
posed to  be  located  in  the  trigeminus,  but  in  the  light  of  modern  pathology 
it  is  no  longer  necessary  to  adopt  this  hypothesis.  Snellen's  explanation, 
that  the  insensibility  of  the  eye  occurring  in  paralysis  of  the  fifth  nerve 
enables  ordinary  causes  to  act  unmolested  on  the  cornea,  is  now  generally 
accepted. 

Symptoms. — The  chief  symptom  is  anesthesia.  In  paralysis  of  the 
entire  fifth  nerve  or  of  its  ophthalmic  branch,  both  cornea  and  conjunctiva 
become  anesthetic.  After  optico-ciliary  neurectomy  the  cornea  alone  is 
anesthetic,  winking  and  lacrimation  remaining  and  no  harm  resulting  to  the 
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cornea.  If,  however,  the  branch  of  the  seventh  nerve  supplying  the  orbicu- 
laris muscle  is  paralyzed,  the  cornea  is  likely  to  slough.  Neuralgic  pain, 
through  the  region  supplied  by  the  affected  ophthalmic  branch  of  the  fifth 
nerve,  may  precede  the  anesthesia.  There  may  be  loss  of  taste  on  one  side 
of  the  tongue ; and  the  motor  root  may  also  be  involved,  as  is  evidenced  by 
paresis  of  the  masseter,  temporal,  and  external  pterygoid  muscles.  Local- 
ization of  the  pathologic  process  is  often  possible  by  a study  of  the  extent 
of  the  anesthesia  and  of  the  associated  conditions.  For  this  information 
the  reader  is  to  consult  the  standard  works  on  neurology. 

Following  paralysis  of  the  fifth  nerve  the  cornea  becomes  cloudy,  the 
epithelium  of  its  centre  is  loosened  and  removed,  and  thi^  process  extends 
until  only  a narrow  peripheral  rim  remains.  The  central  ulcer  is  at  first 
gray ; then  it  becomes  yellowish,  hypopyon  forms,  the  ulcer  perforates,  and 
the  iris  is  engaged  in  the  cicatrix.  Healing  is  followed  by  a flat  scar.  Not 
every  case  runs  a course  so  severe  as  this,  since  the  process  may  not  lead 
to  perforation.  In  neuroparalytic  keratitis  ciliary  injection  is  present,  but 
lacrimation  is  absent. 

The  corneal  changes  following  excision  of  the  Gasserian  ganglion  can 
be  prevented  by  stitching  the  lids  together  and  at  the  first  dressing  applying 
a Buller  shield.  If  these  precautions  are  not  observed,  the  cornea  may 
necrose  and  the  eye  be  lost.  In  necrosis  and  suppuration  of  neuroparalytic 
keratitis,  pain,  lacrimation,  and  blepharospasm  are  absent.  Ocular  tension 

is  usually  reduced.  _ 

Prognosis. — Neuroparalytic  keratitis  is  always  a serious  disease,  i" 
treated  early  and  properly  the  process  can  usually  be  checked  anc  useful 
vision  can  be  saved.  In  such  cases,  after  restoration  of  tissue  has  occurred, 
an  iridectomy  may  improve  vision. 

Treatment. — The  preventive  treatment  has  been  mentioned  above. 
The  curative  treatment  consists  in  the  application  of  a bandage,  the  use  of 
atropin  or  eserin,  and  the  frequent  cleansing  of  the  eve  with  an  antiseptic 
solution.  Electricity  may  be  tried.  Nieden  advises  tin  hypodermic  injec- 
tion of  strychnin  in  the  temple. 

Lagophthalmic  Keratitis  (Keratitis  e IagOj-Viialmo). — Keratitis  from 
drying  of  the  cornea  due  to  imperfect  closure  of  the  eyelids  may  be  at- 
tributed to  many  causes.  It  is  found  ir  paralysis  of  the  orbicularis  muscle 
in  persons  suffering  with  profound  exhaustion  (typhoid  fever,  uremic  coma, 
etc.) ; in  cases  of  destruction  o-  cicatricial  contraction  of  the  eyelids; 
in  caries  of  the  orbital  margin,  producing  ectropion;  and  rarely  in  ex- 
ophthalmic goitre  when  the  exophthalmos  is  excessive.  As  a result  of 
desiccation  the  cornea  becomes  fissured,  and  pathogenic  germs,  gaining  a 
foothold,  soon  cause  suppu.-ative  inflammation.  Hypopyon,  iritis,  and  ex- 
tensive ulceration  of  the  cornea  arc  common,  while  perforation  and  total  loss 
of  the  eye  are  not  ram.  “The  corneal  ulcer  is  distinguished  by  its  location 
at  the  lower  ecgd  of  the  cornea;  by  its  sharply  divided  upper  edge  parallel 
to  the  margin  cf  the  upper  lid,  and,  finally,  by  the  fact  that  a dry  scale  is 
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first  produced,  the  ulcer  not  being  visible  until  the  scale  is  thrown  off” 
(Fick) . The  general  course  of  the  disease  resembles  that  of  neuroparalytic 
keratitis.  The  prognosis  is  serious,  and  particularly  is  it  grave  in  the 
corneal  ulceration  of  exophthalmic  goitre. 

Treatment.— If  possible,  the  cause  should  be  removed.  The  cornea 
must  be  protected,  and,  in  case  a bandage  does  not  suffice,  the  operation 
of  uniting  the  eyelids  (tarsorrhaphy)  will  be  in  order.  It  is  customary  to 
make  a partial  union  of  the  eyelids,  the  outer  portion  being  usually  selected 
for  operative  intervention,  although  it  may  be  deemed  advisable  to  unite 
the  middle  third  of  the  lids. 

While  the  operation  of  partial  tarsorrhaphy  has  generally  been  regarded 
as  harmless,  in  cases  of  exophthalmic  goitre  it  has  sometimes  been  followed 


224. — Keratitis  *>  iagophthalmo.  (Author.) 


(Origi  al  Q awing  by  Dr.  Caul  Fisch.)  • 


by  disastrous  results.  Jessup  says:  “I  should  hesitate  to  again  employ  it 
in  such  cases,  or  at  all  events  in  a patient  over  thirty-five  years  old.  As 
soon  as  the  cornea  tthu  affected  in  my  case,  no  treatment  seemed  to  have  the 
slightest  effect  ir.  staying  the  ulceration.”  In  milder  forms  of  lagophthalmic 
keratitis  the  effected  eye  should  be  bandaged  at  night.  Atropin  and  mild 
antiseptic  washes  are  to  be  used  and  all  sources  of  irritation  are  to  be 
avoided. 

Xfc.v phthalmic  Keratomalacia  (Xerotic  Keratitis;  Simple  Kerato- 
maL.'fia;  Infantile  Ulceration  of  the  Cornea  with  Xerosis  of  the  Conjunc- 
tiea). — This  rare  disease,  which  was  first  described  by  von  Graefe,  usually 
appears  in  marasmic  children  during  the  first  four  years  of  life.  In  a case 
observed  by  the  author,  a boy,  aged  3 years,  after  a prolonged  attack  of 
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diarrhea  presented  conjunctival  xerosis  of  both  eyes.  Later  the  cornea 
became  infiltrated  near  its  periphery  and  also  in  the  centre.  The  bulbar 
conjunctiva,  particularly  that  part  corresponding  to  the  palpebral  opening, 
presented  a frothy,  grayish,  silvery  appearance  due  to  exfoliation  of  epi- 
thelium. There  was  diminished  sensitiveness  of  the  cornea  and  of  the  con- 
junctiva. 

A form  of  xerotic  keratitis  occurring  frequently  among  negro  children 
has  been  described  by  Kollock,  of  Charleston,  S.  C. . In  his  cases,  which 
occurred  chiefly  among  scrofulous,  emaciated  subjects,  the  interpalpebral 
part  of  the  conjunctiva  presented  a dirty- white,  yellowish-green  hue.  In 
some  cases  the  ocular  conjunctiva  was  thickened  and  discolored;  in  others 
it  was  relaxed  and  flabby  and  was  thrown  into  folds  about  the  cornea  by 
the  movements  of  the  globe,  and  “occasionally  these  folds  were  capped  by 
the  silvery  scales  which  some  writers  have  described  as  being  diagnostic  of 
hemeralopia.”  In  the  disease  under  consideration  night-blindness  is  rarely 
the  cause  of  the  child  being  brought  to  the  surgeon,  since  the  affection  occurs 
in  persons  so  young  that  usually  they  either  do  not  go  about  unattended  or 
cannot  describe  their  symptoms  accurately. 

The  chief  danger  in  this  disease  is  corneal  ulceration.  In  some  pa- 
tients the  corneal  infiltration,  which  is  present  in  all  cases,  does  not  go  on 
to  ulceration.  When  ulceration  occurs  it  often  assumes  the  form  of  a ring, 
which  may  be  elevated  or  depressed.  The  centre  of  the  cornea  may  or  may 
not  be  clear.  The  whole  cornea  presents  a bluish,  hazy  sheen,  due  to  opacity 
of  the  epithelium,  which  in  rare  instances  is  raised  into  folds.  Perforation 
of  the  cornea  may  occur.  Iritis  without  perforation  is  rarely  observed. 
Pain,  photophobia,  and  lacrimation  are  absent  in  xerotic  keratitis  Spicer 
has  observed  cases  in  which  xerosis  of  the  conjunctiva  was  absent. 

Etiology. — The  cause  of  this  disease  is  unknown.  It  follows  ex- 
hausting diseases,  such  as  typhoid  fever,  meningitis,  and  chronic  diarrhea. 
Various  bacilli  and  cocci  have  been  found  in  these  cases,  but  i 1 is  not  known 
whether  they  are  etiologic  factors.  The  disease  is  mtre  common  in  Austria 
than  in  America.  In  this  country  it  seems  to  occu’'  n.oie  frequently  among 
negro  than  among  white  children.  Koller  states  fhat  the  disease  is  some- 
times epidemic,  especially  in  orphan  asylums,  end  attributes  it  to  reflection 
from  a body  of  water  or  from  a white  w sYi 

Prognosis. — According  to  Swanzv  arm  others  who  have  observed  the 
disease  in  European  clinics,  xerotic  keratitis  is  almost  always  followed  by 
death  from  exhaustion.  In  Kollock > cases  benefit  followed  treatment  and 
no  mention  is  made  of  a fatal  result. 

Treatment. — The  weakened  constitution  must  be  strengthened  by 
tonics,  stimulants,  and  oroper  food.  Change  of  air  and  surroundings  may 
be  beneficial.  As  the  strength  grows  the  ocular  condition  will  improve. 
Locally  vaselin  or  a ve«  k ointment  of  the  yellow  oxid  of  mercury  (gr.  ij  to 
oiij),  or  a soluticr.  >f  boric  acid  may  be  applied.  When  there  is  corneal 
ulceration,  atrop  n will  be  in  order. 
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(B)  NON=SUPPURATIVE  KERATITIS. 

Phlyctenular  Keratitis  (Eczematous,  Scrofulous,  or  Strumous  Kera- 
titis; Fascicular  Keratitis). — This  disease,  which  should  be  studied  in 
connection  with  phlyctenular  conjunctivitis,  is  a common  one,  character- 
ized by  the  development  of  phlyctenulae  on  the  cornea  instead  of  the  con- 
junctiva or  limbus,  as  in  phlyctenular  conjunctivitis.  Often  both  conjunc- 
tiva and  cornea  are  involved  at  the  same  time.  The  causes  of  phlyctenular 
keratitis  are  the  same  as  those  of  phlyctenular  conjunctivitis.  The  disease 
is  much  more  frequent  in  children  than  in  adults,  and  is  closely  connected 
with  disorders  of  the  nasal  passages  (adenoid  vegetations,  hypertrophic  or 
atrophic  rhinitis,  etc.).  It  often  follows  measles  and  other  exanthemata. 

Symptoms. — The  first  change  in  this  disease  is  the  appearance  of 
collections  of  round  cells  beneath  the  epithelium,  which  is  lifted  up.  This 
constitutes  a corneal  phlyctenula.  It  is  usually  situated  at  or  near  the 
corneoscleral  junction.  It  varies  from  a poppyseed  to  a milletseed  in  size, 
and  changes  in  color  from  gray  to  yellow  in  the  course  of  a few  hours. 
Soon  it  bursts,  leaving  a small  ulcer, — phlyctenular  ulcer, — and  coinciaently 
pain,  photophobia,  blepharospasm,  and  lacrimation  become  y cc.nou1  iced 
symptoms.  The  conjunctival  and  pericorneal  vessels  in  the  vicinity  of  the 
ulcer  become  engorged,  and  frequently  there  is  a muco-puTuieni;  discharge 
from  the  conjunctiva.  The  ulcer  may  heal  rapidly  or  may  remain,  other 
phlyctenulas  appearing  and  going  on  to  the  formation  of  ulcers.  On  the 
other  hand,  the  process  may  disappear  by  absorption  at  the  contents  of  the 
phlyctenula.  If  the  ulcers  heal  before  the  deeper  layers  of  the  cornea  are 
involved,  only  a faint  nebula  remains,  and  this  i*i  young  subjects  disappears 
entirely  in  the  course  of  a few  months  or  ycara  Often,  however,  the  process 
is  not  favorable.  The  ulcers  spread  in  breadth  and  depth,  are  surrounded 
by  a deeply  placed  zone  of  grayish  o * yellowish  infiltration,  and  may  even 
lead  to  perforation  of  the  cornea.  "Meanwhile  vessels  extend  from  the  limbus 
to  the  ulcer,  and  these,  when  in  the  form  of  a leash  or  band,  make  part  of 
a clinical  picture  which  has  been  named  fascicular  keratitis  (Fig.  8,  Plate 
X).  If  a number  of  phlyctenulae  develop  along  the  rim  of  the  cornea,  the 
condition  may  be  named  narginal  phlyctenular  keratitis.  Instead  of  ap- 
pearing as  one  or  more  clearly  defined  ulcers,  the  disease  may  present  a 
thick  tongue  of  vascularized  tissue  growing  from  the  limbus  toward  the 
centre  of  the  cornea- — pannus  eczematosus . Unlike  the  pannus  of  trachoma, 
this  affectiou  does  not  show  a predilection  for  the  upper  part  of  the 
cornea,  but  often  appears  below  of  at  the  inner  or  outer  side.  Pannus 
eczematusus  usually  clears  up  satisfactorily  under  treatment,  leaving  only 
a slight  opacity.  The  single  pustule,  which  usually  appears  at  the  corneal 
periphery,  is  particularly  dangerous,  and  is  liable  to  cause  perforation  when 
surrounded  by  a yellowish,  infiltrated  area.  Iritis  and  hypopyon  often 
accompany  it. 

The  intensity  of  the  subjective  symptoms  is  not  a criterion  of  the 
gravity  of  the  pathologic  process.  Often  children  present  intense  blepharo- 
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spasm,  profuse  lacrimation,  and  great  photophobia,  with  relatively  small 
corneal  changes.  The  child  keeps  in  the  dark,  buries  the  head  in  a pillow 
or  the  mother’s  lap,  and  screams  when  exposed  to  light.  Under  these  cir- 
cumstances inspection  of  the  cornea  is  difficult  and  requires  the  use  of  lid- 
retractors.  The  reflex  blepharospasm  of  this  disease  was  explained  many 
years  ago  by  Iwanoff,  who  demonstrated  the  migration  of  round  cells  from 
the  corneal  margin  to  the  pathologic  focus  under  the  epithelium.  Thus, 
irritation  of  the  nerve-filaments,  whose  course  they  follow,  is  produced.  A 
strange  effect  of  long-continued  blepharospasm,  which  has  not  been  sat- 
isfactorily explained,  is  the  occurrence  of  temporary  amaurosis.  In  these 
cases  there  are  no  ophthalmoscopic  changes.  The  patient  usually  regains 
vision  in  a few  weeks.  A persistent  eczema  of  the  nose,  face,  and  ear,  and 
chronic  rhinitis,  are  common  accompaniments  of  phlyctenular  keratitis. 

Pathology  and  Diagnosis  are  given  under  the  heading  of  “Phlyc- 
tenular Conjunctivitis”  (pages  272,  273). 

Prognosis. — If  treatment  is  begun  early  the  prognosis  is  favorable, 
healing  occurring  with  only  slight  opacity.  . In  severe  types  a perceptible 
scar  remains.  In  neglected  cases  perforation  of  the  cornea  may  occur. 

Treatment. — The  regulation  of  the  diet  and  attention  to  the  general 
health,  as  well  as  the  treatment  of  naso-pharyngeal  conditions,  will  be  in 
order  here  as  in  phlyctenular  conjunctivitis  (see  page  274).  Locally  at- 
ropin  drops  and  ointment  of  the  yellow  oxid  of  mercury  (gr.  j to  3j)  should 
be  used  daily  and  should  be  continued  for  some  time  after  all  signs  of  the 
disease  have  disappeared.  Some  surgeons  treat  this  disease  by  dusting  finely 
powdered  calomel  upon  the  ulcer.  Darier  claims  that  a 1-per-cent,  strength 
solution  of  dionin,  by  its  lymphagogic  and  analgesic  properties,  is  of  Talue 
in  the  treatment  of  phlyctenular  keratitis. 

Interstitial  Keratitis  (Specific,  Parenchymatous,  or  Strumous  Kera- 
titis; Keratitis  Profunda)  .—This  is  a chronic  inflammation  of  the  middle 
and  posterior  layers  of  the  cornea,  occurring  chiefly  in  children,  not  leading 
to  ulceration,  but  accompanied  by  inflammation  of  the  uveal  tract.  There 
is  in  these  cases  a deposit  of  new  material  in  the1  cornea  and  a development 
of  new  blood-vessels. 

Etiology. — From  the  records  of  many  large  clinics  it  is  found  that 
hereditary  syphilis  is  the  cause  of  interstitial  keratitis -in  from  40  to  70 
per  cent,  of  the  cases,  thus  confirming  the  opinion  which  was  expressed  by 
Hutchinson  many  years  ago.  The  disease  also  may  occur  late  in  the  history 
of  acquired  syphilis.  Exception  a1!)  it  appears  early  in  acquired  syphilis. 
Tuberculosis  is  now  thought  to  be  second  only  to  syphilis  as  a causative  fac- 
tor. Scrofula,  rickets,  autointoxication,  malaria,  influenza,  and  climacteric 
disturbances  are  supposed  to  * e causes.  A rare  cause  of  interstitial  keratitis 
is  trauma,  Arnold  Knapp  observed  the  outbreak  of  the  disease  in  a previ- 
ously healthy  eye,  following  the  use  of  Calmette’s  tuberculin  solution  in  the 
conjunctiva.  Certain  cases  of  interstitial  keratitis  are  due  to  herpes  zoster 
ophthalmicus.  Ahnough  it  may  be  an  intra-uterine  disease,  interstitial  kera- 
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titis  generally  occurs  between  the  fifth  and  twentieth  years.  It  is  rarely 
observed  after  the  thirtieth  year.  It  is  seen  oftener  in  females  than  in  males. 
In  the  victims  of  hereditary  syphilis  slight  causes — such  as  eyestrain,  ir- 
ritants, rheumatism,  and  other  acute  diseases — suffice  to  produce  the  initial 
changes  of  interstitial  keratitis. 

Symptoms. — Patients  with  interstitial  keratitis  often  show  the  signs 
of  hereditary  syphilis.  Chief  among  these  are  the  following: — 

1.  A peculiar  physiognomy.  “The  conformation  of  the  face  is  somewhat 
angular,  the  features  are  contracted  and  drawn,  the  skin  is  coarse,  and  the  complexion 
is  pale  and  earthy.  The  forehead  is  prominent,  and  the  skin  covering  it  is  thrown 
into  wrinkles  through  the  frowning  incidental  to  the  long  suffering  from  fear  of 


Fig.  225. — Section  of  the  correa  in  interstitial  keratitis.  (Baas.) 

1,  Epithelium.  2,  Bowman’s  ’ayer.  3,  Area  of  infiltration.  4,  Membrane 
of  Desccruet.  o,  Endothelium. 


light.  The  bridge  of  the  nose  L depressed,  and  may  be  completely  sunken,  through 
the  loss  of  the  bones  from  syphilitic  ulceration;  from  a similar  cause  affecting  the 
skin,  the  angles  of  the  mouth,  and  the  alte  nasi  are  scarred  and  fissured  by  white 
cicatrices.”  (Ramsay.) 

2.  The  teeth  ar * ih  tched  or  pegged  in  60  or  70  per  cent,  of  the  cases.  Often 
they  are  irregularly  p’aced  and  are  stunted  in  their  growth.  Of  the  dental  malforma- 
tions, the  most  cliarn  cteristic  is  the  notching  of  the  upper  central  permanent  incisors. 

3.  The  lymphatic  glands,  especially  those  of  the  neck,  are  enlarged,  hard,  and 
painless.  TTnlike  the  enlarged  glands  in  scrofulous  persons,  they  do  not  readily 
become  swollen,  soft,  and  caseous. 

L The  periosteum,  particularly  that  covering  the  long  bones,  presents  swellings 
which  ire  hard  and  usually  painless. 

5.  Impairment  of  hearing,  leading  frequently  to  absolute  deafness,  is  a common 
condition  in  these  patients,  and  is  due  to  the  extension  of  nose  and  throat  lesions 
'nto  the  middle  ear. 

It  is  rare  to  find  all  of  these  signs  present  in  one  individual;  if  a few  of  them 
are  found,  they  form  reliable  evidence  of  the  hereditary  taint. 
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Interstitial  keratitis  begins  with  photophobia,  lacrimation,  pericorneal 
injection,  and  blurring  of  vision.  The  cornea  becomes  hazy  either  at  its 
periphery  or  at  the  centre;  the  haziness  may  be  general  or  circumscribed. 
When  the  opacity  extends,  the  cornea  looks  like  a piece  of  ground  glass. 
Under  a magnifying  lens  it  is  seen  to  be  studded  with  minute  maculae,  which 
are  deeply  placed.  Early  in  the  history  of  the  case  vision  is  much  reduced, 
and  blood-vessels  are  found  in  both  the  deep  and  superficial  layers  of  the 
cornea.  As  the  vessels  extend  the  ground-glass  appearance  is  replaced  by 
reddish  “salmon  patches”  (Fig.  1,  Plate  XI).  These  may  appear  above, 
below,  at  either  side,  or  they  may  involve  the  whole  cornea.  In  this  stage  the 
cornea  is  softened  and  its  curvature  may  be  changed  by  pressure  of  the  lids ; 
photophobia  and  blepharospasm  are  intense,  and  fissures  appear  at  the  outer 
can  thus.  These  symptoms  continue  with  intermissions  for  weeks  or  months. 
In  some  cases  years  pass  before,  the  disease  stops.  The  complications  of  in- 
terstitial keratitis  are  scleritis,  iritis,  cyclitis,  and  chorioiditis,  which  gen- 
erally appear  early,  but  may  not  come  until  late.  Rarely,  in  the  height  of 


Fig.  226. — Notched  teeth.  (De  Beck.)  Fig.  227. — Pegged  teeth.  (De  Bsck.( 


the  disease,  the  intra-ocular  tension  is  increased.  In  exceptional  nstances 
hydrophthalmos  follows  an  attack  of  interstitial  keratitis.  The  second  eye 
is  always  involved,  with  few  exceptions;  usually  the  disease  1 as  progressed 
to  its  height  in  the  one  before  the  other  eye  is  affected.  7 no  younger  the 
patient,  the  greater  is  the  probability  that  the  second  eye  will  be  involved 
(Elschnig).  During  the  acute  period  of  the  inflammation  the  cornea  ap- 
pears white,  gray,  or  yellow  according  to  the  amo  im  uf  infiltration  present, 
and  the  condition  may  be  mistaken  for  corneal  abscess.  The  new  vessels 
arising  in  interstitial  keratitis  spring  from  the  deeply  placed  vessels  of  the 
sclera  and  project  into  the  cornea  in  the  form  of  tufts.  These  vessels  grow 
into  the  membrane  until  the  pupil  is  concealed.  They  may  be  small  and 
invisible  except  through  a corima!  microscope  or  magnifying  glass,  or  so 
large  as  to  be  readily  seen  bv  Lhe  naKed  eye. 

Variations  may  occur  in  tlu  clinical  picture.  Thus,  the  disease  may  begin 
with  maculae  in  the  central  pan  of  the  cornea,  forming  a dense  area  which  gradually 
becomes  smaller  (central  ar.iuiu.  keratitis  of  Vossius).  Several  central  maculae  may 
exist  and  confluesce  to  forn  a white  disc  which  remains  as  a permanent  opacity.  In 
other  rare  cases  the  opacity  occupies  the  lowest  part  of  the  cornea  and  resembles  a 
triangle  with  its  ap^v  po.nted  upward. 

Gradually  the  amte  symptoms  subside  and  the  cornea  begins  to  clear,  the 
clearing  beginning  at  the  margin.  In  favorable  cases  the  healing  process  lasts  from 
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six  to  twelve  months.  Long  after  the  disappearance  of  the  attack  the  surgeon  will 
know  that  such  an  eye  has  been  affected  by  this  disease,  by  reason  of  a peculiar 
lustreless  appearance  of  the  iris  seen  through  a cornea  that  is  slightly  opaque.  The 
anterior  chamber  is  deeper  than  in  the  normal  eye,  and  the  ophthalmoscope  shows 
the  signs  of  a previous  chorioidoretinitis.  Close  examination  shows  in  the  cornea 
the  remains  of  old  vessels. 

Pathology. — Interstitial  keratitis  usually  manifests  itself  at  the  corneoscleral 
margin,  as  an  opacity  in  the  deeper  corneal  layers,  which  gradually  invades  the 
cornea  until  the  entire  membrane  is  cloudy.  If  the  infiltration  is  dense  and  the 
vascularization  plentiful,  the  cornea  becomes  salmon  colored.  The  cloudiness  is  ac- 
companied by  a small-cell  infiltration,  which  may  be  very  dense  in  the  deeper  layers. 
Besides  this,  new-formed  vessels  are  found.  The  whole  may  resemble  granulation 
tissue  (Fuchs).  The  infiltration  is  also  found  in  the  ligamentum  pectinatum,  in 
the  iris  and  the  ciliary  body,  and  sometimes  in  the  sclera.  Von  Michel  and  others 
distinguish  between  a primary  and  a secondary  parenchymatous  keratitis.  The 
opacity  appears  first  at  the  limbus;  and  is  complicated  later  by  iritis,  turbidity  of 
the  aqueous  humor,  and  deposits  on  Descemet’s  membrane.  Von  Michel  explains 
the  disease  as  a consequence  of  syphilitic  arteritis  or  hyalin  degeneration  of  the 
pericorneal  vascular  loops. 

He  is  opposed  by  Leber  and  von  Hippel,  who  consider  the  affection  as  a 
secondary  manifestation  which  is  primarily  an  inflammation  of  the  uvea.  The 
anatomic  findings  of  von  Hippel,  the  infiltration  in  the  deeper  portion  oF  the 
cornea,  which  embryo  logically  is  the  uveal  portion  of  the  cornea,  and  .he  ) lack 
patches  which  are  in  the  periphery  of  the  chorioid  at  the  beginning  of  ui  interstitial 
keratitis,  all  support  the  latter  view. 

In  the  parenchyma  of  the  cornea  the  corneal  cells  become  swollen  or  may 
degenerate.  These  conditions  are  accompanied  by  a leucocyte  infiltration,  leading  to  a 
necrosis  of  the  intercellular  lamellae.  In  the  early  stages  the  lymph-spaces  are 
dilated  and  are  filled  with  finely  granular  albuminous  material  containing  cells  and 
cell-debris.  As  the  masses  of  infiltrating  leucocytes  increase,  they  coalesce  and  then 
the  intercellular  lamellae  become  liquefied.  If  repair  akes  pUce  the  necrotic  material 
becomes  absorbed,  the  neighboring  corneal  cells  livide  and  multiply,  wander  out  in 
the  necrotic  area,  accompanied  by  angioblasts  from  the  blood-vessels  from  the  border, 
the  whole  later  forming  a young  granulation  ! iss  le.  Later  some  of  these  cells  dis- 
appear and  new  fibrillae  form  between  the  cells.  The  epithelium  over  such  an  area 
of  inflammation  may  show  all  the  changes  from  edema  to  complete  necrosis  and 
desquamation.  Bowman’s  membrane  is  ra  'dy  ruptured.  The  endothelium  of  Desce- 
met’s membrane  may  be  desquamated  • forming  the  so-called  internal  ulcer)  or 
infiltrated  with  leucocytes.  The  walls  of  the  blood-vessels  of  the  sclera  and  the 
sclero-corneal  junction,  as  well  as  Giose  of  the  iris  and  ciliary  body,  may  also  show 
infiltration  with  leucocytes  and  sometimes  these  vessels  become  obliterated. 

The  recent  experiments  made  by  Greeff,  Clausen,  and  Schulze  upon  the  eyes  of 
apes,  rabbits,  and  dogs  would  seem  to  show  that  the  pathologic  changes  found  in 
syphilitic  interstitial  keratitis  are  due  to  the  presence  of  the  Spiroch(Fta  pallida. 
Bab  found  spirochetes  in  the  eyes  of  three  specific  still-born  babes. 

Diagnosis. — Attention  to  the  symptoms  described  above  will  clear  the 
diagnosis  The  age  of  the  patient  and  the  condition  of  ocular  tension  will 
exclude  primary  glaucoma.  The  absence  of  a superficial  loss  of  substance 
serves  to  differentiate  interstitial  keratitis  from  ulcer  of  the  cornea.  The 
presence  of  a deeply  placed  infiltrate,  together  with  the  formation  of  new 
vessels  in  the  parenchyma  of  the  cornea,  will  distinguish  this  from  any 
other  form  of  keratitis. 

Prognosis. — Interstitial  keratitis  is  a chronic  disease  lasting  from  a 
few  weeks  to  many  months.  In  general  terms  it  must  be  said  that  the 
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prognosis  is  favorable.  In  scrofulous  subjects  the  prognosis  is  not  so 
favorable  as  in  those  of  a purely  syphilitic  type.  Recurrences  ark  rare  and 
may  come  years  after  the  primary  attack.  Restoration  of  normal  vision 
is  not  to  be  expected  in  this  disease,  but  the  resulting  opacity  may  be 
scarcely  distinguishable.  If  improperly  treated,  the  result  may  be  dis- 
astrous through  the  formation  of  iritic  adhesions,  increased  intra-ocular 
tension,  etc.  The  duration  of  an  attack  of  interstitial  keratitis  cannot  be 
foretold.  Early  in  the  disease  it  is  well  to  warn  the  patient  that  the  vision 
will  become  much  worse,  while  in  the  height  of  the  attack  he  can  be  told 
that  it  will  improve.  In  general,  the  prognosis  is  more  favorable  in  adults 
than  in  children. 

Treatment. — -While  some  eminent  observers  hold  that  the  disease  is 
uninfluenced  by  treatment,  the  author  believes  such  teaching  to  be  pernicious. 
Therapeutic  agents  shorten  the  duration  of  the  disease,  relieve  pain  and 
inflammation,  and  keep  the  iris  out  of  the  way  of  harm.  Attention  to 
the  digestion,  the  taking  of  a reasonable  amount  of  exercise,  and  the  lead- 
ing of  an  outdoor  life  will  be  in  order.  The  internal  use  of  mercurial 
preparations  and  bitter  tonics  is  to  be  commended.  Arsenic  in  the  form 
of  Donovan’s  solution  is  of  value  in  lingering  cases.  Thyroid  extract — 1 
to  2 grains  twice  or  three  times  a day — has  given  good  results  in  the  hands 
of  Stephenson,  Radcliffe,  and  Risley.  Codliver-oil,  iron,  and  quinin  are  often 
required.  If  definite  signs  of  hereditary  syphilis  are  absent,  it  will  never- 
theless be  wise  to  use  mercury  for  several  weeks  or  months.  Later  in  the 
case  the  iodids  are  serviceable.  In  weak  cachectic  subjects,  mercury  shoiJd 
be  used  sparingly  and  tonics  should  be  exhibited  freely.  The  sy  *up  ol 
the  iodid  of  iron  is  a valuable  remedy  in  these  cases. 

As  regards  local  treatment,  smoked  glasses  are  to  be  used  on1  atropin 
is  to  be  instilled  three  times  a day.  The  use  of  atropin  must  be  continued 
long  after  the  opacity  renders  the  pupil  invisible.  It  must  be  used  freely, 
because  the  absorptive  power  of  the  cornea  is  diminished.  Jionin  (5  to  10 
per  cent,  solution)  used  daily,  or  every  other  day;  will  materially  shorten 
the  duration  of  the  disease  and  will  hasten  the  clearing  of  the  cornea.  The 
use  of  hot  water  is  valuable  in  relieving  pain  Alter  the  acute  stage  is  over 
the  application  of  an  ointment  of  ammoniated  mercury  or  the  yellow  oxid, 
combined  with  massage,  will  assist  in  clearing  the  opacity.  Astringents  and 
counter-irritants  are  to  be  avoided. 

Vascular  Keratitis  (Pannus). — Ot  Ihe  forms  of  non-suppurative  kera- 
titis, this  is,  by  far,  the  most ’frequent.  Pannus  is  a small-cell  infiltration 
containing  newly  formed  vessels  and  involving  the  conjunctival  ( i.e super- 
ficial) layers  of  the  cornea  (Fig.  2,  Plate  X).  The  infiltration  is  in  the 
deeper  parts  of  the  epithelial  iryer,  and  here  there  is  a development  of  minute 
blood-vessels  continuous  with  those  of  the  limbus.  The  newly  formed  con- 
nective tissue  is  found  chiefly  between  the  epithelial  and  Bowman  layers,  but 
in  some  cases  the  process  extends  more  deeply  and  involves  the  substantia 
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propria.  It  is  proper  to  state  that  some  authorities  (Raehlmann,  Nuel) 
have  found  the  process  in  pannus  to  begin  in  a cellular  infiltration  beneath 
Bowman’s  membrane,  which  is  lifted  up,  wrinkled,  and  finally  perforated. 
Pannous  tissue  is  thicker  at  the  periphery  of  the  cornea  than  at  the  centre ; 
thus,  at  the  periphery  all  the  layers,  down  to  that  of  Descemet,  may  be  in- 
volved, while  in  the  centre  usually  only  the  parts  adjacent  to  Bowman’s  layer 
are  affected.  True  trachoma  bodies  may  be  found  in  the  corneal  substance. 
Vascular  keratitis  exists  in  almost  all  cases  of  granular  conjunctivitis,  and 


Fig  J^8. — Trachoma  with  pannus.  (Author.) 

(Original  drawing  by  Dk.  R W.  Mills.) 

is  often  four.a  in  phlyctenular  kerato-conjunctivitis.  The  development  of 
vascular  keratitis  leads  to  irregularities  in  the  corneal  surface,  to  great 
diminution  of  vision,  and  in  some  cases  to  projection  of  the  softened  cornea 
from  intra-ocular  pressure. 

b.TMPTOMS. — Clinically  it  is  necessary  to  divide  pannus  into  several 
ty^es,  the  appearance  of  the  cornea  varying  from  a slight  vascular  opacity 
to  a condition  comparable  to  raw  flesh  or  a red  rag.  “In  former  times  the 
adjective  tenuis  was  used  to  indicate  a thin  layer  of  opacity,  in  which  few 
vessels  were  present ; crassus , a thicker  and  more  advanced  condition ; sar - 


DISEASES  OF  THE  CORNEA. 


327 


comatosus,  a fleshy  state  of  the  cornea ; while  siccus  was  applied  to  a pannus 
that  had  undergone  retrogressive  changes”  (Stephenson).  Pannus  gener- 
ally is  limited  to  that  part  of  the  cornea  which  is  covered  by  the  upper  lid, 
but  there  are  many  exceptions  to  this.  Thus,  in  the  pannus  of  phlyctenular 
disease  it  is  not  uncommon  to  find  broad,  tongue-like  vascular  projections 
growing — one  from  above,  the  other  from  below  toward  the  centre  of  the 
cornea;  and  frequently,  in  severe  granular  conjunctivitis,  the  whole  cornea 
becomes  vascular.  Pannus  usually  shows  ulceration  at  some  time  in  its  his- 
tory, but  there  are  cases  in  which  this  is  absent  and  the  condition  is  one  of 
hypernutrition.  In  typical  pannus  the  upper  third  or  half  of  the  cornea 
is  involved ; numerous  small,  straight  vessels,  continuous  with  the  posterior 


(Original  drawing  by  Dit.  Carl  Fisch) 

1,  Degenerated  epithelium.  2,  Area  of  round-cell  inhUra'ior.  3,  Substantia  propria. 

U,  Blood-vessels. 

conjunctival  system,  are  seen  branching  a rborescently  into  a grayish  opacity , 
and  the  epithelium  is  elevated  and  roughened.  Vision  is  much  reduced 
during  the  active  period  of  the  pannu?,  and  later  the  sight  in  many  cases  is 
below  the  normal  by  reason  of  the  irregular  astigmatism  and  remaining 
opacities.  When  the  pannus  is  thin,  complete  restoration  will  take  place. 

Pannus  appears  in  thi  eariy  stages  of  trachoma  and  almost  never  arises 
in  the  cicatricial  stage.  rklapses  are  common;  they  appear  suddenly  and 
seem  to  be  provoked  by  meteorologic  conditions,  such  as  excessive  humidity 
of  the  atmosphere  or  increased  velocity  of  the  wind.  The  signs  of  relapse 
are  unmistakable:  the  conjunctiva  becomes  redder  and  thicker;  the  cornea, 
which  possibly  had  cleared  so  that  vessels  were  scarcely  visible,  becomes 
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studded  with  vessels;  in  two  or  three  days  small  superficial  ulcers  appear; 
and  pain,  blepharospasm,  photophobia,  and  lacrimation  become  prominent 
and  annoying  symptoms.  Vision  is  rapidly  reduced.  A patient  whose 
cornea  was  almost  clear,  in  less  than  a week  was  reduced  to  a condition 
requiring  the  services  of  a guide. 

Diagnosis.  The  diagnosis  of  pannus  is  easily  made  by  inspection  by 
the  naked  eye  or  with  the  aid  of  a magnifying  glass.  To  distinguish  be- 
tween the  granular,  phlyctenular,  and  traumatic  varieties  of  corneal  vas- 
cularization is  an  easy  matter,  in  view  of  the  history  of  the  case  and  the 
condition  of  the  palpebral  conjunctiva. 

Prognosis.  — Granular  pannus  is  an  extremely  persistent  affection, 
the  state  of  the  cornea  keeping  pace  with  the  condition  of  the  conjunctiva. 
Generally  the  cornea  clears,  leaving  useful  vision;  but  in  some  cases  pannus 
crassus  lasts  for  years  and  destroys  vision  by  causing  permanent  opacities. 
In  other  instances  ulcers  of  the  cornea  accompanying  pannus  become  in- 
fected, the  cornea  sloughs  and  is  perforated,  and  the  eye  is  left  with  anterior 
synechiae  and  a staphyloma.  In  severe  cases  perforation  is  followed  by 
panophthalmitis  and  loss  of  the  eye.  In  many  cases  where  pannu;  yit'ds 
successfully  to  treatment,  the  cornea  is  left  irregularly  astigmat’.c  Iveeur- 
rence  of  granular  pannus  is  likely  to  take  place  at  any  time  so  I^ng  as  the 
conjunctiva  is  granular. 

The  pannus  accompanying  phlyctenular  disease  generally  yields 
promptly  to  treatment,  leaving  the  cornea  either  ur;mpaired  or  the  seat 
of  a small  cloud.  Some  cases,  however,  are  followed  by  permanent  opacities. 

Treaiment.  The  treatment  of  pannus  will  df  pend  on  its  cause  and 
stage.  In  granular  pannus,  as  a rule,  little  care  is  given  to  the  pannus 
proper,  the  surgeon’s  attention  being  devo  ted  to  the  conjunctiva.  In  the 
ordinary  cases  of  trachoma  treatment  of  tne  conjunctiva  is  followed  by 
improvement  in  and  disappearance  of  the  pannus.  In  old  cases,  where, 
in  spite  of  conjunctival  treatment,  vV  cornea  remains  vascular,  it  will  be 
proper  to  employ  remedies  directed  against  the  condition.  There  are  a few 
cases  of  trachoma  with  ulcere  ting  pannus  which  require  paracentesis  of 
the  cornea.  In  such  cares  there  is  intense  pain.  Paracentesis  is  followed 
by  relief  of  pain  and  general  improvement  in  the  eye.  If  an  ulcer  of  the 
cornea  is  about  to  perforate,  paracentesis  should  be  resorted  to,  the  instru- 
ment passing  through  normal  tissue,  and  not  through  the  floor  of  the  ulcer. 
The  pannus  of  phlyctenular  disease  usually  clears  up  under  the  local  appli- 
cation of  +hc  yeliow  oxid  ointment  and  the  use  of  proper  constitutional 
remedies. 

Id  paunus  siccus  good  results  sometimes  follow  massage  with  one  of 
the  rnc-mrial  ointments  continued  for  a long  period;  but  in  many  cases 
it  will  be  necessary  to  use  the  irritant  treatment  by  jequirity.  A 5-per-cent, 
infusion  of  the  seeds  is  brushed  on  to  the  eyelids  and  cornea,  and  the 
^suiting  conjunctivitis  is  intensified  by  repeating  the  application  in  twenty- 
four  or  forty-eight  hours,  as  necessary.  The  remedy  sets  up  an  acute  inflam- 
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mation,  with  enlargement  of  the  vessels  in  the  cornea,  swelling  of  the 
conjunctiva,  and  the  production  of  a grayish  membrane  on  the  affected 
tissues.  There  is  some  constitutional  disturbance  and  an  increase  of  the 
temperature.  The  pre-auricular  and  cervical  glands  may  be  swollen.  The 
subsidence  of  jequirity-ophthalmia  is  followed  in  many  cases  by  a clearing 
of  the  cornea.  The  remedy  is  not  without  danger.  Rules  for  its  use  have 
been  formulated  by  Nuel  as  follows:  (1)  the  pannus  should  be  complete, 
since  non- vascularized  portions  may  perforate;  (2)  tli£  cornea  of  the  second 
eye  should  present  more  or  less  pannus,  the  insult  of  a contagious  conjunc- 
tivitis; and  (3)  the  palpebral  conjunctiva  should  show  a granular  or 
cicatricial  condition  with  slight  discharge.  Where  there  is  an  abundant 
discharge  the  use  of  jequirity  is  unsafe,  since  it  causes  too  severe  a reaction. 
If  these  precautions  are  not  observed,  the  jequirity  inflammation  may  pro- 
duce ulceration  of  the  cornea  with  perforation  and  loss  of  the  eye.  In  any 
event  suppurative  dacryocystitis  is  sometimes  caused. 

In  some  cases  of  old  rebellious  pannus,  where  the  cornea  remains 
vascular  after  trachoma  has  been  cured,  the  operation  of  periectomy,  as 
described  on  page  301;  is  followed  by  improvement. 

Keratitis  Bullosa  (Pemphigus  of  the  Cornea;  Keratitis  Vesiculosa). — 
This  rare  variety  of  vesicular  corneal  inflammation  occurs  chiefly  in  middle- 
aged  or  elderly  persons.  It  may  be  found  in  eyes  which  previously  have  been 
normal,  but  more  often  it  occurs  in  those  which  are  affected  with  glaucoma, 
iridocyclitis,  or  corneal  cicatrix.  A few  cases  are  due  to  trauma,  such  as 
abrasion  of  the  cornea  by  the  finger-nail.  The  characteristic  feature  of  the 
disease  is  the  formation  of  a large  vesicle,  or  bulla,  which  involves  the  out<  r 
part  of  the  corneal  surface  and  is  tremulous.  After  a few  days  the  vesicle 
ruptures,  and  coinc^dently  there  is  great  pain.  The  anterior  val1  of  the 
vesicle,  consisting  of  the  epithelial  layer  (sometimes  the  deeper  layers)  of 
the  cornea,  is  not  shed,  but  remains  in  situ . After  a variable  . ore  it  is  lifted 
up  by  fluid,  bursts  again,  and  this  process  is  often  repeated  for  many  weeks. 
Ciliary  injection,  photophobia,  lacrimation,  increased  tension,  and  pain 
are  prominent  symptoms  during  the  development  of  the  vesicle.  Often 
these  symptoms  subside  after  the  vesicle  bursts.  Fuchs  explains  the  origin 
of  corneal  bullae  as  follows:  In  glaucomatous  pyes  lymph-stasis  causes  an 
interstitial  edema  and  results  in  lifting  up  the  epithelial  layer;  if  the  fluid 
penetrates  Bowman’s  layer,  the  latter  also  is  lifted  up. 

Prognosis  in  bullous  keratitis  i:  unfavorable.  During  the  height  of 
the  disease  the  eye  is  painful,  acd  vision  is  much  reduced  or  entirely  lost. 
After  recovery  the  cornea  remains  opaque.  There  seems  to  be  no  tendency 
to  the  involvement  of  the  second  eye.  Under  the  most  skillful  treatment  the 
disease  will  continue  for  weeks  or  months. 

Treatment  should  Jia  to  relieve  pain  and  irritation  and  reduce  in- 
creased tension.  Th » u:e  of  collyria  of  holocain  and  cocain  gives  only  tem- 
porary relief.  Removal  of  the  anterior  wall  of  the  vesicle  and  the  appli- 
cation of  strong  solutions  of  silver  or  burning  with  the  galvanocautery  may 
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be  followed  by  improvement.  If  the  intra-ocular  tension  is  increased  and 
does  not  yield  to  arecolin,  pilocarpi n,  or  eserin,  an  iridectomy  should  be 
made.  Attention  should  be  given  to  the  general  health.  In  some  cases 
tonics  and  antiseptics  can  be  used  with  benefit.  If  vision  is  lost,  and  re- 
curring crops  of  vesicles  make  the  patient  miserable,  enucleation  for  the 
relief  of  pain  may  be  a justifiable  operation. 

Aspergillar  Keratitis  (Keratomycosis  Aspergillina)  is  a variety  of 
corneal  inflammation  which  is  more  common  than  would  be  supposed  from 
the  limited  literature.  Probably  locality  has  much  to  do  with  its  frequency, 
one  country  physician  living  near  St.  Louis  having  met  with  seven  cases 
within  two  years.  The  only  case  of  the  disease  which  the  author  has  seen 
came  from  the  same  vicinity.  The  disease  begins  with  great  pain  in  the  eye, 
together  with  photophobia  and  lacrimation.  After  twenty-four  or  forty- 


Fig.  230. — Microscopic  section  of  growth  in  aspergillar  keratitis.  (Author.) 

(Original  drawing  by  T>r.  Carl  Fiscii.) 

1,  Epithelium  of  the  cornea.  2,  Sp<ran’ia.  3,  Mycelium.  4,  Pus-corpuscles. 

eight  hours  a small  black  body  is  visible  in  the  substance  of  the  cornea. 
The  pain  is  constant  and  increasing,  and  is  out  of  all  proportion  to  that 
resulting  from  the  lodgment  of  a foreign  body  in  the  cornea.  After  dis- 
secting the  black  body  from  the  cornea  the  patient  makes  a rapid  recovery. 
If  the  case  is  net  treated  early  by  removal  of  the  small  black  body,  the 
superficial  layers  ot  the  cornea  slough,  leaving  an  ulcer  which  lasts  until 
after  the  surgeon  removes  the  aspergillar  mass.  This  is  of  a black  or  dark- 
brown  color,  aod  may  be  mistaken  for  an  ordinary  foreign  body.  The  mass 
is  rounded  and  soft.  Microscopic  examination  shows  its  nature.  Failure 
to  recognize  the  condition  and  remove  the  aspergillar  mass  may  result  in 
los&  ol  the  eye  through  corneal  sloughing,  perforation,  and  panophthal- 
mitis. In  the  few  cases  of  keratomycosis  aspergillina  in  which  cultures  have 
been  made  only  Aspergillus  fumigatus  and  niger  have  been  found. 

Wicherkiewicz  saw  a case  of  keratitis  produced  by  Penicillium  glaiuwm, 
and  Wolfner  met  with  one  in  which  Mucor  corymbifer  was  present. 
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Malarial  Keratitis  (Dendritic  Keratitis;  Keratitis  Dendritica  Exul- 
cerans  Mycotica). — Although  in  a strict  pathologic  sense  it  is  incorrect  to 
speak  of  a malarial  keratitis,  since  the  Plasmodium  malarice  cannot  produce 
an  acute  inflammation,  yet  from  a clinical  point  of  view  it  is  wise  to  retain 
the  term.  The  disease  is  a superficial  keratitis,  attended  by  a dendritic  ul- 
ceration, occurring  in  persons  sick  with  malaria.  It  is  found  chiefly  between 
the  ages  of  twenty  and  fifty  years,  is  more  common  in  males  than  in  females, 
and  is  seen  more  frequently  in  the  summer  and  fall  than  in  the  winter  and 
spring.  The  ocular  disturbance,  which  is  usually  preceded  by  intermittent 
fever,  begins  with  pain,  photophobia,  lacrimation,  and  the  sensation  of  a 
foreign  body  in  the  conjunctiva.  In  some  cases  the  disease  begins  with 
supra-orbital  neuralgia.  Within  a few  hours  after  the  advent  of  these 
symptoms,  numerous  small,  rounded,  bead-like  elevations  are  seen  in  the 
cornea;  and  a day  later  the  elevated  spots  disappear,  leaving  superficial 
ulcerations  of  irregular  shape  (Fig.  5,  Plate  XI).  The  process  extends, 
small,  branching  furrows  running  off  from  the  initial  lesion.  The  furrows 
are  of  a bluish-gray  color.  The  ulcers  do  not  penetrate  deeper  than  Bow- 
man's layer.  The  cornea  is  anesthetic,  tension  is  normal,  and  hypopyon 
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Fig.  231. — Malarial  keratitis.  (Kipp.) 

rarely  occurs.  Pain  in  and  around  the  eye  is  severe  and  continues  until  the 
process  of  ulceration  has  been  checked.  Iritis  is  a rare  com  plication,  ffhe 
duration  of  the  disease  varies  from  two  or  three  weeke  to  at  many  months. 
The  resulting  opacities  are  not  usually  dense,  but  cun  be  seen  by  oblique 
illumination  many  months  after  cure.  Recurrence  of  the  keratitis  may 
appear  with  each  recurring  attack  of  malariil  few. 

Etiology.— Although  Kipp  and  Ilotz,  who  were  among  the  first  to 
recognize  this  disease,  formerly  held  it  to  be  pathognomonic  of  malaria, 
further  observation  has  shown  this  vi aw  io  be  erroneous.  Dendritic  keratitis 
sometimes  occurs  in  healthy  person:.  It  has  been  observed  in  scrofulous 
and  tubercular  subjects.  Kipp  uo\7  believes  that  malaria  is  the  cause  of 
90  per  cent,  of  cases  of  dendritic  keratitis.  Noyes  held  that,  while  this 
peculiar  form  of  keratitis  could  co-exist  with  malaria,  it  was  essentially 
a mycotic  disease.  Knapp  has  seen  superficial  keratitis  as  a symptom  of 
acquired  syphilis. 

Prognosis. — Thj  prognosis  of  dendritic  keratitis  is  favorable. 

Treatmf.  Sri  - -The  use  of  atropin,  of  protective  spectacles,  and  the 
occasional  ins'  ’Ration  of  a 1-per-cent,  strength  solution  of  holocain,  to 
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relieve  pain,  will  be  advisable.  If  the  disease  extends,  all  of  the  furrows 
and  their  ramifications  should  be  thoroughly  scraped  under  local  anesthesia 
and  a solution  of  bichlorid  of  mercury  (1  to  2000)  should  be  used  to  flush 
the  conjunctiva.  This  treatment  usually  checks  the  process,  and  the  use  of 
the  galvanocautery  will  rarely  be  necessary.  The  general  treatment  is  of 
great  importance  in  these  cases.  Often  the  keratitis  will  prove  rebellious 
to  all  local  measures  and  will  yield  readily  after  a prolonged  course  of  anti- 
malarial  medication. 

Filamentary  Xeratitis.  This  unusual  condition,  which  may  follow 
corneal  wounds  or  vesicles,  is  characterized  by  the  appearance  of  small 
globules  attached  to  the  cornea  by  a twisted  pedicle  or  filament.  These 


apparent  vesicles  are  s^all,  the  largest  having  a diameter  of  1 to  1.5  milli- 
metres. From  time  to  time  a new  eruption  appears,  and  thus  the  disease 
may  continue  fox  months  or  years.  The  disease,  which  occurs  chiefly  in 
persons  of  advanced  age,  produces  the  usual  signs  of  keratitis.  When  exam- 
ined microscopically  the  filaments  are  seen  to  consist  of  granular  masses 
attached  b>  a rope  of  epithelium,  thick  at  its  corneal  attachment  and  pointed 
at  its  extremity.  The  condition,  which  originates  in  the  corneal  epithelium 
(Hess),  is  likely  to  recur,  successive  crops  of  vesicles  and  filaments  being 
produced.  The  disease  sometimes  occurs  in  chronic  ulcers  and  in  the  kera- 
titis bullosa  of  absolute  glaucoma  (Hess).  Filamentary  keratitis  may  be 
confounded  with  herpetic  keratitis.  Eemoval  of  the  filaments  by  curette- 
ment  is  followed  by  relief,  but  recurrences  are  frequent.  In  these  cases  the 
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use  of  a 2-per-cent,  strength  solution  of  ammonium  chlorid  is  said  to  be 
beneficial. 

Keratitis  Punctata  (Descemetitis;  Aquo-capsulitis ; Serous  Iritis; 
Serous  Cyclitis). — This  affection,  which  by  some  writers  is  discussed  under 
corneal  diseases,  will  be  considered  in  Chapter  XI  under  the  name  “Serous 
Cyclitis,”  because  recent  investigations  have  shown  that  it  depends  on 
alterations  in  the  glands  of  the  ciliary  body.  The  characteristic  feature  of 
keratitis  punctata  is  the  presence,  on  the  posterior  surface  of  the  cornea, 
of  numerous  dots  of  fibrin,  which  usually  are  disposed  in  the  form  of  a 
triangle  whose  base  is  downward  toward  the  corneoscleral  junction  (kera- 
titis punctata  profunda ), 

Bruns  contends  that  there  cannot  be  such  a disease  as  serous  iritis, 
since  descemetitis  (punctate  keratitis),  the  symptom  on  which  the  diag- 


Fig.  233. — Keratitis  punctata.  (Author.) 

(Original  drawing  by  Dr.  R.  W.  Mills.) 


nosis  of  serous  iritis  was  long  made  to  rest,  is  mosL  toequently  the  principal 
symptom  of  acute  plastic  chorioiditis.  In  the  abseA;oe  of  an  ophthalmoscopic 
examination  the  chorioidal  disease  is  overlooks. 

Superficial  Punctate  Keratitis  (Kor^itis  Subepithelialis  Centralis; 
Nummular  Keratitis;  Relapsing  FcxTks  of  the  Cornea;  Macular,  or 
Nodular,  Keratitis). — A form  of  punctate  keratitis,  located  in  the  super- 
ficial layers  of  the  cornea,  and  occurring  in  young  subjects  during  an  attack 
of  acute  catarrhal  conjunctivitis,  has  been  named  keratitis  punctata  super- 
ficialis  by  Fuchs.  The  cornea  presents  minute  gray  dots,  often  arranged 
in  groups  or  rows,  scutUred  irregularly  over  the  cornea  or  massed  in  the 
centre.  They  ma)  be  present  coincident  with  the  conjunctival  inflam- 
mation or  may  follow  it  by  days  or  weeks.  The  spots  cause  the  epithelium 
to  bulge  and  clve  the  cornea  a cloudy  look.  Often  the  spots  remain  un- 
changed for  mxLiths  and  gradually  disappear.  Like  herpes  of  the  cornea, 
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this  disease  sometimes  develops  simultaneously  with  an  acute  catarrhal 
inflammation  of  the  respiratory  tract,  but  it  is  distinguished  from  herpes 
by  the  absence  of  vesicles.  The  attack  usually  begins  with  symptoms  of 
conjunctivitis,  with  profuse  lacrimation,  and  with  catarrh  of  the  air- 
passages.  In  two  or  three  days  numerous  gray  or  yellowish-green  spots  ap- 
pear beneath  Bowman’s  layer;  the  cornea  becomes  hazy,  and  often  gray 
radiating  lines  are  present.  The  spots,  which  are  one  millimetre  or  less  in 
diameter,  should  be  looked  for  with  a magnifying  glass.  Loss  of  vision  in 
this  disease  will  be  commensurate  with  the  number  and  location  of  the  spots. 
If  they  are  numerous  and  occupy  the  pupillary  area,  vision  will  be  much 
reduced.  One  or  both  eyes  may  be  involved.  Although  some  authors  state 
that  iritis  and  hypopyon  never  are  seen  in  this  affection,  it  will  be  well 
to  bear  in  mind  the  possibility  of  their  occurrence. 

Etiology. — As  regards  the  etiology  of  this  disease,  Nuel  has  found  it 
chiefly  among  subjects  between  twenty  and  thirty-five  years  of  age,  who  had 
been  exposed  to  intense  cold.  Microscopic  study  shows  the  disease  to  be  due 
to  an  ill-identified  coccus — according  to  Valude,  the  staphylococcus. 


A B 

Fig.  234. — Appearance  of  the  cornea  in  pi  nctate  keratitis.  (Knies.) 

A,  Keratitis  punctata  superficialis  (Fuchs).  B,  Opacitie.  to  ’nd  in  parenchymatous  keratitis. 

Pathology. — Nuel  has  found  the  edema  of  this  disease  to  be  located 
in  the  anterior  corneal  lamellae.  The  spots  are  due  to  filaments  of  fibrin 
undergoing  a hyalin  change;  the  filaments  are  disposed  in  spiral  form  and 
are  situated  between  the  cornea]  lamellae.  They  form  the  spots  described 
above.  At  the  level  of  these  spots  the  corneal  epithelium  forms  projections, 
which  are  converted  intD  lacunae.  Micrococci  are  found  in  the  swollen  epi- 
thelium. There  is  an  absence  of  invasion  by  migratory  cells. 

Prognosis. — The  prognosis  of  this  form  of  keratitis  is  favorable.  Al- 
though the  course  of  the  disease  may  be  prolonged,  the  spots  gradually 
disappear  by  *.ecoAption. 

Treatment. — Irritants  and  astringents  are  out  of  order  in  this  disease. 
Atropin,  da^k  glasses,  and  attention  to  the  general  health  will  comprise  the 
therapeutic  measures  to  be  used.  If  increased  tension  occurs,  a paracentesis 
of  Lhe  eornea  should  be  made. 

xtibbon-shaped  Corneal  Opacity  (Calcareous  Keratitis;  Primary,  or 
zonular,  Opacity  of  the  Cornea;  Transverse  Film  of  the  Cornea;  Keratitis 
Trophica;  Keratite  en  Bandelette).— This  unusual  form  of  keratitis  may 
be  congenital  or  acquired.  As  a congenital  condition  it  is  of  exceedingly 
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rare  occurrence.  In  the  acquired  form  it  is  present  in  two  distinct  clinical 
types:  In  the  one  the  interpalpebral  part  of  the  cornea,  in  eyes  which 
were  previously  normal,  becomes  opaque,  owing  to  the  development  of  a 
smooth  sub  epithelial  opacity.  In  the  other  type  an  oval  transverse  band 
of  opacity  develops  in  eyes  which  have  long  been  blind  from  iridocyclitis, 
sympathetic  ophthalmitis,  or  glaucoma.  This  form  of  opacity  produces  a 
roughening  of  the  cornea  and  occurs  chiefly  in  the  lower  third  of  the 
tunic.  Since  this  is  the  part  of  the  eye  which  is  exposed  when  the  globe 
is  rolled  upward,  as  in  sleep,  the  condition  has  been  thought  to  be  due  to 
imperfect  closure  of  the  lids  during  sleep  or  in  the  course  of  exhausting 
disease. 

In  the  first  type  the  local  change  consists  in  a deposit  of  lime  salts 
beneath  the  epithelium,  which  is  unaffected.  The  opacity  is  sharply 
defined  while  the  remaining  cornea  is  clear.  The  opacity  forms  a gray  area, 
three  to  five  millimetres  in  width,,  passing  across  the  cornea  below  the  centre 
of  the  pupil.  Often  there  is  an  oval  opacity  at  the  outer  and  another  at  the 
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Fig.  235. — Appearance  of  the  cornea  in  ribbon-shaped  opacity.  (Knies.) 

A,  In  an  early  stage,  li,  In  a late  stage. 

inner  part  of  the  cornea.  The  opaque  areas  are  always  separated  from  the 
margin  of  the  cornea  by  a narrow,  transparent  zone.  This  fact  staves  to  dis- 
tinguish the  opacity  of  ribbon-shaped  keratitis  from  the  opacity  which  is 
caused  by  a corneal  ulcer.  The  two  oval  masses  are  connected  by  a bridge, 
through  which  the  pupil  can  be  seen. 

Usually  the  process  requires  years  for  its  development,  but  Poulett  Wells  has 
described  a case  of  marked  zonular  opacity  of  the  ^''rr^a  vhich  developed  in  a few 
months.  Some  authors  have  attributed  these  opacities  to  an  excess  of  uric  acid  in 
the  blood,  while  others  think  them  due  to  external  injurious  influences.  Fuchs  saw 
transverse  films  in  both  eyes  of  a physician  wl  o for  many  years  had  blown  calomel 
into  them,  and  Topolanski  met  with  the  discest  in  hat-makers  whose  eyes  were  daily 
irritated  by  flying  pieces  of  hair. 

A corneal  disease,  which  i?  similar  to  ribbon-shaped  opacity,  is  found 
among  persons  engaged  in  the  manufacture  of  anilin  dyes  and  of  naphthalin. 
The  long-continued  irritation  of  the  fumes  produces  a brown  or  gray  su- 
perficial opacity  of  the  cornea.  The  affected  zone  corresponds  to  the 
interpalpebral  cleft.  The  opacity,  wdiich  is  located  in  the  epithelial  and 
superficial  corneal  layers,  slowly  disappears  after  the  patient  changes  his 
occupation. 
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The  presence  of  transverse  films  is  not  incompatible  with  the  pos- 
session of  useful  vision.  Where  vision  is  much  reduced  the  films  should 
be  removed  by  scraping  (abrasion)  of  the  cornea.  If  the  opacity  is  ex- 
tensive, iridectomy  may  be  required. 

Herpes  of  the  Cornea  (Herpes  Febrilis  or  Catarrhalis) . — This  disease, 
which  is  to  be  distinguished  from  herpes  zoster  ophthalmicus  with  corneal 
lesions,  and  other  forms  of  corneal  inflammation  in  which  vesicles  or  bullae 
form,  often  occurs  in  connection  with  labial  or  nasal  herpes.  It  is  char- 
acterized by  the  development  of  numerous  transparent  vesicles,  one-half  to 
one  millimetre  in  diameter,  scattered  over  the  cornea  or  grouped  at  the 
periphery  in  such  a manner  as  to  form  an  irregular,  fork-shaped  line. 
The  vesicles,  for  the  most  part,  contain  simply  a serous  fluid  devoid  of 
lymph-cells.  The  vesicles  burst  at  such  an  early  period  in  the  history  of 
the  case  that  generally,  when  a surgeon  is  called,  only  an  irregular  corneal 
ulcer  is  to  be  seen.  Unlike  phlyctenular  keratitis,  herpes  of  the  cornea  is 
unaccompanied  by  abnormal  vascularity,  and  ordinarily  is  limited  to  one 
eye.  The  anterior  wall  of  the  vesicles  is  formed  of  epithelium  and  Bowman’s 
layer,  and  the  base  is  composed  of  the  substantia  propria.  Thus  *fc  is  seen 
that  the  process  is  deeper  than  is  that  of  phlyctenular  keratitis.  The  disease 
is  more  common  in  middle  and  advanced  life  than  in  childhood 

Symptoms. — The  subjective  symptoms  are  those  of  a foreign  body  in 
the  eye.  Lacrimation  and  photophobia  are  severe  until  dier  the  bursting 
of  the  vesicles.  In  many  cases  the  corneal  lesions  aro  s^eu  coincidently  with 
affections  of  the  respiratory  tract,  such  as  rhinitis,  bronchitis,  pneumonia, 
and  pertussis.  Herpes  has  been  seen  also  in  p vtier  ts  with  intermittent  and 
typhoid  fevers.  Herpes  of  the  cornea,  unc»  -mected  with  any  other  disease, 
sometimes  occurs,  and  such  cases  show  frr  qumt  relapses.  New  vesicles  may 
appear  periodically.  There  is  likely  to  ue  severe  frontal,  temporal,  and 
supra-orbital  neuralgia;  the  uppe^  i;d  may  be  red  and  swollen,  and  the 
bulbar  conjunctiva  injected.  Inspection  shows  an  irregular  loss  of  corneal 
epithelium,  presenting  a "string  or  beads”  appearance,  due  to  shreds  of  the 
broken  vesicle-walls;  the  surface  of  the  ulcer  is  anesthetic.  The  disease 
may  be  complicated  with  hypopyon  and  iritis.  Catarrhal  conjunctivitis  may 
also  be  present ; intra  ocular  tension  is  usually  diminished.  The  corneal 
lesions  may  heal  ja  +en  days  or  two  weeks  under  favorable  circumstances; 
some  cases,  how'nu,  are  attended  by  secondary  infection  and  are  of  long 
duration.  The  flight  nebulae  resulting  from  herpes  generally  clear  in  a 
few  weeks.  In  mild  cases  the  vesicles  may  flatten  and  disappear  without 
bursting. 

Treatment. — This  will  depend  on  the  stage  of  the  disease.  If  seen 
botor  > the  vesicles  have  burst,  the  eye  should  be  bandaged,  and  atropin  and 
i]T!.ocain  can  be  used  cautiously  to  relieve  pain  and  photophobia.  Von 
Graefe  advised  that  the  vesicles  be  ruptured  by  dusting  calomel  upon  the 
eye;  and  Swanzy  accomplishes  the  same  result  by  brushing  the  cornea 
with  a camelVhair  pencil  wet  with  an  antiseptic  solution. 
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In  the  period  of  repair  the  frequent  use  of  hot  water  and  the  local 
application  of  an  ointment  of  ammoniated  mercury  or  yellow  oxid,  or  the 
insufflation  of  a powder  of  boric  acid  or  aristol  will  be  in  order.  The  appli- 
cation of  tincture  of  iodin  has  been  recommended.  In  rebellious  cases 
recourse  can  be  had  to  a mild  use  of  the  galvanocautery.  The  internal  treat- 
ment is  of  importance.  The  respiratory  organs  should  be  given  the  neces- 
sary attention.  In  cases  characterized  by  periodic  recurrences  the  use  of 
a saline  purge,  followed  by  quinin  and  tonics,  will  be  of  value. 

Marginal  Keratitis  (Keratitis  Ulcerativa  Marginalis). — Ulceration  of 
the  cornea  occurring  at  the  corneoscleral  margin  may  assume  several  forms. 
Under  the  name  keratitis  ulcerativa  marginalis,  W.  A.  Martin,  of  San 
Francisco,  has  described  cases  of  acute  corneal  disease  occurring  in  adults  and 
characterized  by  the  following  features:  The  initial  symptoms  are  peri- 
corneal injection  and  photophobia,  followed  by  the  development  of  a row 
of  papillae  in  the  cornea  about  the  line  of  the  arcus  senilis.  These  papillae 
become  confluent,  break  down,  and  form  a line  of  narrow  ulcers  which  may 
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Fig.  236. — Appearance  of  the  cornea  in  herpes  febrilis.  (Knie;  .) 

A,  Early  stage  of  herpes.  Bt  The  same  eye  four  days  later. 

almost  encircle  the  cornea.  Separating  the  ulcerated  spots  from  the  limbus 
is  a zone  of  transparent  corneal  tissue.  The  disease  does  r ot  encroach  upon 
the  centre  of  the  cornea.  Under  proper  treatment  healing  cecurs  rapidly. 
In  some  cases,  as  soon  as  the  ulcerated  spots  heal,  others  occur  farther  on, 
until  the  whole  cornea  has  been  traversed.  Unier  daily  use  of  a mild 
bichlorid  solution  and  calomel  insufflations  hei  linp  occurs  without  scarring. 
Unlike  the  catarrhal  ulcers  described  by  "Fuchs,  keratitis  ulcerativa  mar- 
ginalis is  a primary  disease. 

A different  type  of  marginal  keratitis  is  that  of  Fuchs:  keratitis  mar- 
ginalis profunda , which  belongs  to  the  class  of  parenchymatous  or  inter- 
stitial corneal  inflammations.  Ue.^e  the  process  is  a chronic  one,  and  the 
transparent  zone  adjoining  the  orneoscleral  junction  is  obliterated.  It  is 
a rare  disease,  occurring  in  dd  people  and  usually  is  limited  to  one  eye. 
Grayish  or  yellowish-gray  opacities,  forming  at  the  periphery,  project  into 
the  cornea  for  two  to  three  millimetres.  The  opaque  zone  involves  gen- 
erally one-third  to  uot,  half  of  the  circumference.  Irritative  symptoms  dis- 
appear in  teD  to  fourteen  days,  but  a permanent  gray  opacity  remains  and 
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resembles  arcus  senilis.  It  is  distinguished  from  the  latter  by  the  absence 
of  a zone  of  clear  corneal  tissue.  Owing  to  the  location  of  the  lesions  in 
this  disease,  no  damage  is  done  to  vision. 

Ireatment. — In  the  treatment  of  marginal  keratitis  the  surgeon  is 
to  be  guided  by  general  principles  and  common-sense.  Atropin  and  holo- 
cain  are  to  be  used  cautiously  to  relieve  pain  and  photophobia,  and  a 
bichlorid  solution  is  to  be  applied  two  or  three  times  daily.  If  pain  is  vio- 
lent, use  can  be  made  of  dionin  and  cocain  (dionin,  gr.  i j ; cocain,  gr.  ij ; 
water,  oiv.  M.  Sig. : One  drop  in  the  affected  eye  five  or  six  times  a day). 
Insufflations  of  calomel  are  valuable  in  marginal  ulcers.  If  the  ulcer  ex- 
tends in  depth  it  will  be  necessary  to  apply  the  curette  or  electrocautery, 
while  eserin  or  arecolin  is  used  to  contract  the  pupil. 

Striped  Keratitis  (Striate  Keratitis). — This  name  has  been  applied  to 
two  different  conditions  which  occasionally  occur  after  cataract  extraction 
or  trauma.  In  both  there  is  an  opacity  which  is  located  in  the  posterior 
layers  of  the  cornea.  In  true  striped  keratitis  there  is  noticed,  at  the  first 


Fig.  237. — Section  of  the  cornea  in  striate  keratitis.  (Hess.) 

The  folding  of  the  posterior  layers  of  the  cornea  is  wn  in  the  lower  part  of  the  figure. 

or  second  dressing  after  cataract  extraction,  the  presence  of  fine  straight 
lines  of  opacity,  one-half  to  one  millimetre  in  width,  which  converge  toward 
the  wound.  In  some  cases  the  lines  cross,  forming  panel  figures.  Several 
theories  have  been  advanced  10  account  for  the  phenomenon.  Beck  and 
Recklinghausen  attributed  il  to  dilation  of  lymph-spaces;  Alt,  to  infiltra- 
tion of  large  nerve-canJs;  but  the  view  now  generally  accepted  is  that  of 
Carl  Hess  and  othe  r* ",  viz. : that  this  peculiar  striate  opacity  depends  on  the 
folding  of  DescemePs  membrane,  resulting  either  from  the  shrinking  of  the 
cornea  by  cicatrisation  or  from  unequal  swelling  of  the  corneal  tissue  by 
infiltration.  However  produced,  the  condition  generally  disappears  within 
a few  days.  Striped  keratitis  is  occasionally  seen  after  corneal  injuries  or 
inflammation. 

The  other  type  of  opacity,  which  is  common  after  cataract  extraction, 
is  m the  form  of  permanent  white  opacities,  which  are  due  to  the  action 
of  chemicals.  It  is  often  seen  in  the  practice  of  those  surgeons  who  irrigate 
the  anterior  chamber  with  solutions  of  bichlorid  of  mercury.  These  opaque 
spots  materially  reduce  vision  and  cannot  be  removed. 


DISEASES  OF  THE  CORNEA. 


339 


Disc-like  Keratitis  (Keratitis  Disciformis). — A type  of  keratitis,  which 
somewhat  resembles  ulcus  serpens,  is  known  as  keratitis  disciformis.  It  is 
characterized  by  the  development,  in  the  middle  layers  of  the  cornea,  of  a 
gray,  discoid  opacity.  The  disc  is  separated  from  the  transparent  peripheral 
portion  of  the  cornea  by  a- grayish  border.  In  the  middle  of  the  disc  is 
generally  a small  spot  of  deep  infiltration.  Surrounding  this  spot  are 
curvilinear  lines.  Disciform  keratitis  does  not  become  yellow  and  does  not 
lead  to  corneal  necrosis.  It  is  only  in  exceptional  cases  that  it  leads  to  a 
loss  of  substance  in  a circumscribed  area.  Inflammatory  symptoms  are  not 
marked.  Hypopyon  is  either  absent  or  is  of  small  extent.  The  superficial 
corneal  layers  are  generally  unaffected,  but,  in  the  course  of  the  disease, 
small  ulcers  may  appear.  This  type  of  corneal  inflammation  generally  lasts 
several  months  and  leaves  a cloud.  Fuchs  attributes  it  to  the  infection 
which  follows  a small  epithelial  lesion,  and  which  is  not  sufficiently  virulent 
to  cause  a serpiginous  ulcer.  Disc-like  keratitis  is  to  be  distinguished  from 
the  deep  and  from  the  annular  forms  of  corneal  inflammation.  Atropin 
locally  and  proper  internal  medication  will  comprise  the  treatment  of  this 
disease. 

Grill-like  Keratitis  (Gitterformige  Keratitis;  Keratite  Quadrillee)  has 

been  described  by  Haab.  The  cornea  presents  a central  opacity  which,  by 
transmitted  light,  shows  forked  lines  with  points  scattered  through  them, 
the  whole  resembling  latticework.  Darier  believes  that  it  is  due  to  an  infil- 
tration of  leucocytes  into  the  corneal  spaces.  He  states  that  the  disease 
improves  rapidly  under  subconjunctival  injections  of  sodium  chlorid  o^ 
under  instillations  of  dionin. 


MISCELLANEOUS  DISEASES  OF  THE  CORNEA. 

Discoloration  of  the  Cornea  with  Blood-pigment  (Blood- st  lining  of  the 
Cornea). — This  rare  condition,  which  involves  some  difficult  ooints  in  diag- 
nosis, has  been  studied  by  Yossius,  Treacher  Collirs/  l^wford.  Weeks, 
Griffith,  and  others.  In  a case  of  blood-staining  of  the  cornea  there  is  first 
a blood-clot  in  the  anterior  chamber,  due  usuolly  t(  trauma  or  operation, 
although  the  hemorrhage  may  have  occurred  spontaneously  in  old  cases  of 
retinal  detachment.  In  nine  of  seventeen  cases  mentioned  by  Collins  the 
tension  was  increased;  in  six  others  it  was  normal  or  minus.  The  phe- 
nomenon may  occur  at  any  age.  In  the  aithor’s  case,  a man,  aged  35  years, 
was  struck  on  the  right  eye  by  a pit?e  of  steel.  One  month  later  an  opera- 
tion (probably  an  iridectomy)  immediately  followed  by  hemorrhage  into 
the  anterior  chamber  and  blood-Daming  of  the  cornea.  Two  years  later  the 
appearance  of  the  eye  w a:  that  represented  in  Fig.  3,  Plate  XI.  The 
entire  cornea  was  of  a ori  *k-dust  color.  In  most  of  the  cases  heretofore 
reported  a narrow  peripheral  ring,  one  to  one  and  one-half  millimetres  wide, 
has  remained  clem*  a±id  uncolored.  This  condition  may  be  mistaken  for 
an  anterior  dislocation  of  the  lens.  As  regards  the  nature  of  the  pigment 
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which  is  distributed  through  the  cornea,  the  microspectroscopic  and  chemic 
examinations  of  Collins  show  that  the  discoloration  is  due  mainly  to  crystals 
of  hematoidin,  with  or  without  hemosiderin,  which  enter  the  cornea  in 
solution  in  blood  diffused  through  Descemet’s  membrane.  After  a period 
varying  from  two  to  many  years,  the  discoloration  disappears,  the  periphery 
being  the  first  to  clear.  Treatment  of  this  condition  seems  to  be  useless, 
although  alteratives  may  be  tried. 

As  regards  diagnosis,  it  will  be  necessary  to  distinguish  between  hem- 
orrhage into  the  anterior  chamber,  forward  dislocation  of  the  lens,  and 
blood-staining  of  the  cornea.  When  the  whole  cornea  is  stained  it  cannot 
be  distinguished  from  distension  of  the  anterior  chamber  with  blood,  but 
if  the  peripheral  clear  zone  is  present,  the  distinction  can  be  made.  When 
the  central  part  of  the  cornea  is  of  a rusty-brown  color  from  blood-staining, 
and  the  periphery  is  clear,  the  condition  so  much  resembles  that  of  an 


Fig.  238. — Sclerosis  and  atrophy  o*  the  corneal  limbus.  (Fuchs.) 


The  eye  was  glaucomatous,  which  f cco  ’nu*  for  the  adhesion  of  the  iris  to  the  posterior 
surface  of  the  cornea.  Numerous  bl<K>d-\  •'spji  • are  present  in  the  atrophic  and  sclerosed 
limbus. 

amber-colored  lens,  dislocated  forward,  that  the  best  observers  have  been  in 
doubt.  It  would  seem  Lnat  fecal  illumination  ought  to  be  of  value  in  making 
the  diagnosis.  In  the  author’s  case  focal  illumination  showed  clearly  the 
presence  of  wavy  reddish  lines  in  the  cornea.  Probably  these  were  dis- 
tended lymph-channels. 

Sclerosis  Atrophy  of  the  Limbus. — Fuchs  has  recently  described 
a rare  ccndu.on  in  which  a groove-like  depression  circumscribes  the  periph- 
ery of  the  cornea  without  the  occurrence  of  ulceration.  The  disease,  which 
is  found  chiefly  in  elderly  persons,  is  a senile  change  ingrafted  upon  a con- 
coml4:  \nt  arcus  senilis.  There  is  a hyalin  deposit  in  the  superficial  corneal 
layers.  Some  of  the  hyalin  masses  may  be  visible  in  the  living  eye,  exam- 
ined under  a loupe,  appearing  as  whitish  points.  Ectasia  of  the  cornea  has 
been  present  in  some  of  these  cases.  There  is  no  known  treatment  for  the 
condition. 
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Siderosis  of  the  Cornea. — In  this  condition  opaque  spots  of  a rust- 
brown  color  form  in  the  cornea.  The  author  has  observed  one  such  case  of 
corneal  staining  due  to  the  lodgment  of  a piece  of  steel  in  the  lens. 

Xanthelasma  of  the  Cornea. — This  is  a degeneration  of  the  cornea 
and  is  characterized  by  its  yellow  color.  It  follows  injuries  attended  with 
shrinking  of  the  globe  and  often  exists  with  a calcareous  deposit  in  the 
cornea.  Such  eyes  are  usually  sightless.  They  are  prone  to  occasional 
attacks  of  inflammation  and  may  be  the  cause  of  sympathetic  ophthal- 
mitis. There  is  no  particular  treatment  for  the  condition.  If  indicated, 
an  enucleation  or  a Mules  operation  should  be  performed. 

Tuberculosis  of  the  Cornea. — Primary  tuberculosis  of  the  cornea  is  an 
extremely  rare  disease  which  has  been  reported  by  Panas  and  by  Eugene 
Smith.  Associated  with  a similar  process  in  the  uveal  tract,  corneal  tuber- 
culosis may  appear  as  an  interstitial  keratitis,  as  a scelrosing  keratitis,  or 
as  deeply  placed,  minute,  gray  nodules,  miliary  tubercles  which  are  mod- 
ified by  the  dense  tissue  in  which  they  are  located.  Since  tubercle  bacilli 
can  rarely  be  found  in  corneal  scrapings,  the  diagnosis  must  rest  on  in- 
oculation experiments.  The  treatment  is  the  application  of  the  electro- 
cautery and  the  use  of  injections  of  tuberculin.  Tuberculin  injections  have 
an  undoubted  therapeutic  value  in  this  disease  (Ziegler). 

Syphilis  of  the  Cornea. — Syphilis  of  the  cornea  is  a very  rare  disease. 
Chancre  has  been  observed  by  Binet.  Brown  Pusey  has  collected  27  cases 
of  involvement  of  the  cornea  and  bulbar  conjunctiva  in  the  secondary  sta^t 
of  syphilis.  Gumma  of  the  cornea  has  been  recorded  by  a few  authors. 

Lepra  of  the  Cornea. — Keratitis  occurring  in  lepers  is  not  sp  ?eifm,  but 
is  generally  due  to  traumatism.  Ulceration,  which  is  most  frequent  in 
the  lower  limbus,  is  rarely  deep  or  acutely  septic  and  generally  heals  under 
mild  treatment  with  temporary  closure  of  the  eyelids.  Tin  infiltration 
in  lepra  of  the  cornea  begins  peripherally.  There  may  be  i small,  dotted, 
yellowish  deposit;  or  there  may  be  a distinct  nodule  nv living  the  cornea, 
sclera,  and  iris  simultaneously.  Both  eyes  may  be  symmetrically  in- 
volved. The  infiltration  consists  partly  of  bacilli  but  chiefly  of  cells  in 
a brown  state  of  granular  degeneration  (Ne\^.  The  process  may  extend 
and  involve  the  iris  and  deeper  ocular  structures. 


PROTRUSIONS  THE  CORNEA. 

Protrusions  of  the  cornea  comprise  staphyloma,  kerectasia,  keratoconus, 
and  keratoglobus.  The  first  ana  second  of  these  originate  in  inflammatory, 
and  the  third  and  fourth  in  non-inflammatory,  processes. 

Staphyloma  of  the  ncmea. — This  is  a condition  in  which  a corneal 
scar  with  adherent  i ’is  bulges  outward  (Fig.  4,  Plate  XI).  It  is  total  when 
the  entire  corner  Is  involved,  partial  when  only  a part  is  concerned,  or 
racemose  when  perforation  of  the  cornea  has  occurred  at  several  points. 
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Staphyloma  may  have  a spheric  or  a conic  shape.  It  may  be  limited  to  the 
cornea  or  involve  also  the  ciliary  region.  The  alteration  is  brought  about 
by  intra-ocular  pressure  acting  on  a tissue  which  is  softened  by  inflamma- 
tory action.  Intra-ocular  pressure  in  staphyloma  is  increased  in  one  of  two 
ways : if,  as  often  happens,  the  iris  is  fastened  to  the  posterior  corneal  sur- 
face, the  anterior  chamber  is  aboHshed  and  increased  tension  occurs  from 
closure  of  the  drainage  outlet;  in  other  cases  it  is  assumed  that,  as  the 
staphyloma  increases,  tension  on  the  adherent  iris  causes  irritation  of  the 
ciliary  glands  with  increased  secretion  of  the  aqueous  humor.  Having  at- 
tained a certain  size,  a staphyloma  may  remain  stationary  or  it  may  further 
extend  and  rupture.  The  rupture  closes,  only  to  reopen  when  tension  rises. 
After  repeated  ruptures  infection  may  take  place  and  the  eye  may  be  lost  by 
panophthalmitis.  Although  staphyloma  may  follow  corneal  inflammation, 
or  may  be  present  as  a congenital  condition  without  perforation,  it  is  the  rule 
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Fig.  239. — Types  of  staphyloma  of  the  corne.  . (Elschnig.) 

1,  Total  staphyloma.  2,  Total  staphyloma  with  1 eloid  _ Cj,  Conjunctiva.  Ski, 
Sclera.  CK,  Ciliary  body.  Z,  Zcnula.  L,  Lens. 

that  it  follows  perforation  with  iris-prolapse.  If  an  iris-prolapse  heals  with 
the  formation  of  a flat  cicatrix,  the  result  is  favorable  to  the  integrity  of  the 
globe,  although  vision  is  much  reduced;  but  if  the  protruding  iris  becomes 
covered  with  cicatricial  tissue  vhieh  is  too  weak  to  resist  intra-ocular  pres- 
sure, the  ectatic  cicatrix  forms  a staphyloma.  If  the  whole  cornea  is  in- 
volved in  the  ectasia,  we  speak  of  total  staphyloma ; if  only  a part  bulges,  the 
staphyloma  is  partial,  if  all  the  corneal  layers  down  to  the  posterior  elastic 
lamina  are  destroyed,  * nd  this  protrudes  as  a small  bladder,  the  name  kerato- 
cele  is  applied  to  the  condition.  After  a corneal  wound,  or  following  upon  a 
perforating  ulcer,  a minute  opening  may  remain  for  a considerable  time; 
or  a kerafoeele  may  break  from  time  to  time.  In  either  event  the  term 
fistula  if  *iie  cornea  is  used  to  describe  the  condition.  When  a large  part 
of  thn  cornea  is  destroyed,  the  exposed  area  is  covered  with  a transparent 
layer  of  lymph,  which  deludes  the  patient  into  the  belief  that  he  will  retain 
useful  vision.  Soon,  however,  the  new  tissue  becomes  opaque,  and  vision 
is  reduced  to  quantitative  perception  of  light. 

Symptoms. — Early  in  the  history  of  staphyloma  pain,  photophobia, 
lacrimation,  and  redness  are  present.  The  opaque  cornea  is  seen  to  bulge. 
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Gradually  the  inflammatory  symptoms  subside  and  the  staphyloma  appears 
as  a protruding  mass,  which  may  be  so  extensive  as  not  to  be  covered  by 
the  eyelids.  In  this  event  the  apex  becomes  irritated,  or  it  may  become 
dry  and  resemble  skin.  A corneal  staphyloma  forms  an  opaque  mass  of 
whitish,  bluish,  grayish  color,  traversed  by  a few  large  vessels.  Often  in 
old  cases  there  is  a calcareous  deposit  in  the  apex  of  the  mass.  Hyalin 
degeneration  is  not  uncommon  in  old  cases,  and  keloid  sometimes  grows 
from  a thickened  staphylomatous  cornea.  If  the  protruding  cornea  is  thin 
and  translucent, — i.e.,  the  process  is  of  recent  date, — it  will  be  possible 
to  discern  the  outlines  of  the  iris.  Tension  in  old  staphylomata  may  be 
normal,  but,  whether  normal  or  increased,  it  leads  sooner  or  later  to  rupture 
of  the  staphyloma  or  to  excavation  of  the  nerve-head.  The  tendency  of  a 
corneal  protrusion  is  to  become  large  and  involve  the  entire  globe,  leading 
to  general  distension  of  the  eyeball.  Vision  may  be  retained  sufficiently 
to  permit  the  patient  to  count  fingers  and  find  his  way  about,  but  usually 
it  is  limited  to  perception  of  light.  Suppurative  inflammation  may  occur, 
owing  to  exposure  of  the  protruding  mass  to  the  irritating  effects  of  air 
and  dust.  In  such  a case  there  will  be  great  pain  and  marked  inflammatory 
symptoms.  In  quiet  staphylomata  there  is  often  considerable  pain  from 
pressure  of  scar-tissue  upon  nerve-filaments  or  from  the  presence  of  irido- 
cyclitis. 

Diagnosis— Staphyloma  can  be  distinguished  from  corneal  opacities 
by  the  presence  of  the  protrusion.  New  growths  appearing  on  the  cornea 
and  springing  from  the  corneoscleral  region  externally,  or  intra-ocular 
tumors  which  have  broken  through  the  ocular  shell,  may  cause  tho 
perienced  observer  to  be  in  doubt,  but  the  history  of  the  case  and  c.ose 
attention  to  the  appearance  of  the  eye  will  clear  the  diagnosis. 

Prognosis.— Corneal  staphyloma  must  always  be  regardec  a*  a serious 
condition.  Its  prevention  is  of  greater  importance  than  iU  treatment. 

Treatment.— The  prevention  of  staphyloma  concern.:  the  proper  treat- 
ment of  iris-prolapse.  To  secure  the  production  of  a flat  s jar  is  of  the  ut- 
most importance  in  cases  of  iris-prolapse  (see  page  old).  When  this  result 
has  been  attained,  means  should  be  employed  to  ortvent  bulging  of  the  scar. 
They  include  the  use  of  such  measures  as  the  c<  mpress  bandage,  the  appli- 
cation of  a mild  miotic,  and  in  suitable  cases  me  operation  of  iridectomy- 
all  for  the  purpose  of  reducing  or  limiting  die  effect  of  intra-ocular  tension 
upon  a softened  tissue.  Kiichler,  in  Hopeless  cases  of  sloughing  cornea,  with 
protrusion  of  iris  and  cicatricial  tissue,  in  order  to  prevent  staphyloma, 
passed  a cataract-knife  horizontally  through  the  cornea,  opened  the  capsule, 
and  delivered  the  lens.  ThD  operation  prevents  staphyloma,  leaves  the 
globe  of  normal  size,  and  toes  not  increase  the  danger  of  panophthalmitis. 

Conspicuous  staphylomata  that  cause  loss  of  useful  vision  require 
enucleation  of  the  -ye,  or,  preferably,  a Mules  or  Hall  operation.  Ex- 
cision of  the  staphyloma — an  operation  much  practiced  by  de  Wecker, 
Critchett,  anc  others  of  the  older  ophthalmologists — is  not  to  be  consid- 
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ered,  since  such  a procedure  not  rarely  results  in  sympathetic  ophthalmitis 
or  causes  panophthalmitis.  Particularly  dangerous  is  Critchett’s  operation, 
in  which  needles  are  passed  through  the  base  of  the  staphyloma  to  prevent 
loss  of  the  vitreous  humor.  Partial  staphyloma,  if  recent,  may  be  treated 
by  simple  incision,  followed  by  bandaging.  Older  cases  will  require  an 
iridectomy,  the  excised  tissue  including  the  periphery  of  the  iris.  Follow- 
ing this  operation  a pressure  bandage  should  be  used  for  a long  time. 

Keratoconus  (Conic  Cornea;  Staphyloma  Pellucidum). — In  this  con- 
dition the  curvature  of  the  cornea  is  changed  from  an  ellipsoid  to  an 
hyperboloid  of  revolution.  It  is  due  to  a disturbance  between  the  resisting 
power  of  the  cornea  and  intra-ocular  tension,  and  ordinarily  appears  at  or 
about  the  time  of  puberty,  but  may  be  congenital.  Generally  both  eyes  are 
affected.  It  is  more  frequent  in  females  than  in  males.  The  apex,  which 


Fig.  240. — Keratoconus.  (Author.) 

(Original  drawing  b/  1 \ I . W.  Mills  ) 

is  usually  transparent,  may  shew  an  opaque  area.  The  protrusion  may  be 
slight  or  marked.  In  the  former  case  the  diagnosis  of  keratoconus  will 
rest  on  the  skiascopie  test,  which  shows  a triangular  area  of  light,  the  base 
of  the  triangle  resting  on  the  margin  of  the  iris  and  the  apex  corresponding 
to  the  apex  of  the  corneal  cone.  The  ophthalmometer  can  be  used  satis- 
factorily in  the  diagnosis  of  keratoconus.  The  mires  are  much  distorted. 
That  the  deform. ty  is  not  due  to  old  corneal  lesions  can  be  shown  by  the 
absence  of  neb  dat.  If  Placido’s  disc  is  used  in  keratoconus,  the  circles  are 
distorted.  To  the  ophthalmoscope  the  details  of  the  fundus  are  distorted, 
and  a circle-shaped  shadow  is  present.  These  effects  are  due  to  the  high 
degree  tf  corneal  astigmatism  produced  by  the  projection.  In  marked  cases 
ot  ke.  atoconus  the  diagnosis  can  be  made  without  instrumental  aid  by 
placing  the  patient  alongside  a window  and  viewing  the  cornea  laterally. 

The  subjective  symptoms  of  keratoconus  include  near-sight,  polyopia, 
and  an  indefinite  uncomfortable  sensation  in  the  eyes  and  head.  Inflam- 


DISEASES  OF  THE  CORNEA. 


345 


matory  symptoms  are  usually  absent.  Belief  is  sought  for  defective  vision, 
which  often  is  reduced  to  one-thirtieth  or  one-fiftieth  of  the  normal.  Con- 
cave glasses  give  some  improvement  for  a time.  Clear  vision  cannot  be 
obtained  by  concave  spheres,  since  the  cornea  is  not  spheric,  but  conic.  If 
the  apex  of  the  cone  becomes  infiltrated,  vision  is  made  much  worse. 

Pathology. — In  keratoconus  the  thickness  of  the  cornea  is  reduced  by  thinning 
of  the  substantia  propria  in  the  area  of  protrusion.  Descemet’s  membrane  is  often 
ruptured  and  the  aqueous  humor  filters  into  the  true  corneal  tissue,  causing  edema  and 
opacity.  Many  theories  have  been  advanced  to  explain  the  pathology  of  this  disease. 
The  cause  of  the  thinning  is  not  known. 

Prognosis. — Conic  cornea  is  essentially  a self-limited  disease,  which  may  come 
to  a stop  at  any  age.  If  uncomplicated,  it  does  not  lead  to  actual  blindness;  but 
visual  acuity  is  greatly  reduced.  If  the  apex  of  the  cone  is  clear,  the  prognosis  may 
be  considered  to  be  favorable.  A few  cases  of  spontaneous  cure  are  on  record  (Coppez, 
Sanson,  Rohmer). 

Treatment. — In  the  early  stages  of  conic  cornea,  when  the  disease  is  progressive, 
as  is  manifested  by  pain  in  and  around  the  eye,  the  prolonged  use  of  a mydriatic  and 
bandage  will  be  beneficial.  Some  surgeons,  while  continuing  the  use  of  the  bandage, 


Fig.  241. — Keratoglobus.  (After  Demours.) 

alternate  mydriatics  and  miotics.  After  headaches  and  tenderness  of  th.'  globe  have 
disappeared,  the  refraction  is  to  be  corrected.  Here  crossed  cylinders  will  often  be 
beneficial.  Raelilmann  proposed  to  correct  these  cases  by  hyperb^ioid  lenses  made  in 
Rathenow,  but  these  have  been  discarded,  because  their  use  is  ’united.  They  are  of 
value  when  their  apices  coincide  with  those  of  the  fcornea1  cones,  and  this  obtains  in 
only  one  position  of  the  eve.  Stenopaic  spectacles  are  sometimes  of  benefit  in  cases 
of  keratoconus,  and  are  used  by  Snellen. 

The  surgical  treatment  of  conic  cornea  includes  m?  ny  procedures:  paracentesis, 
transfixion  of  the  base  of  the  cone  with  a narrow  von  Graefe  knife,  excision  of  the 
apex  of  the  cone,  sclerotomy,  iridectomy,  and  cai  terization  of  the  apex.  Of  these 
the  safest,  and  probably  the  most  efficient,  v,  the  careful  use  of  the  galvanocautery. 

Keratoglobus  (Cornea  Globosa,  M^galocomea) . — By  the  older  authors 
hydrophthalmos  was  confounded  vxth  keratoglobus,  but  Horner,  Pfliiger, 
and  others  have  shown  that  the  latter  disease  has  nothing  in  common  with 
buphthalmos.  In  keratoglub1  s the  cornea  presents  a globular  form,  and  is 
enlarged  and  clear.  The  iri  i aiso  is  enlarged.  In  two  cases  seen  by  Fick  the 
eyes  were  hypermet'  opic,  and  in  each  visual  acuity,  tension,  and  fundus 
were  normal.  The  anection  is  usually  bilateral,  sometimes  is  hereditary, 
and  is  not  amor  able  to  treatment. 
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Keratectasia  (Keratocele). — This  is  the  name  applied  to  a bulging 
forward  of  the  deeper  corneal  layers,  without  perforation  and  without 
involvement  of  the  iris.  The  condition  is  made  possible  by  ulceration 
of  a cornea  which  is  distended  by  intra-ocular  pressure.  In  rare  in- 
stances it  is  sequent  to  recurrent  attacks  of  marginal  keratitis.  Keratec- 
tasia is  usually  partial  in  extent  and  irregular  in  form,  but  sometimes  it  is 
regular  and  occupies  the  whole  cornea.  The  latter  cases  usually  are  due 
to  pannus  of  the  substantia  propria  or  to  parenchymatous  keratitis  with 
softening  of  the  cornea.  If  the  cornea  is  ulcerated  down  to  the  membrane 
of  Descemet,  this  layer  is  pushed  forward  in  the  form  of  a hernia  through 
the  perforation  and  the  condition  is  termed  keratocele.  It  appears  as  a 
transparent  vesicle  surrounded  by  an  opaque  cicatricial  ring.  Keratectasia 
is  usually  distinguishable  from  keratoconus  and  keratoglobus  by  the  fact  that 
the  bulging  portion  of  the  cornea  is  opaque.  A few  cases  of  corneal  ectasia 
have  been  observed  following  marginal  keratitis,  in  which  the  ectasia  was 
composed  of  apparently  normal  corneal  tissue. 

Prognosis. — The  prognosis  in  keratectasia  is  unfavorable.  If  the  con- 
dition is  detected  early  and  is  checked  by  treatment,  much  damage  is  don  3 to 
vision,  owing  to  the  opacity  and  the  irregular  bulging  of  the  (oruea.  In 
fully  developed  keratectasia  treatment  is  powerless. 

Treatment. — In  the  formative  stage  repeated  punctures  of  the  cornea 
with  a cataract-knife  or  small  keratome  should  be  practiced.  The  evacua- 
tion of  aqueous  humor  is  followed  by  temporary  decrease  in  intra-ocular 
tension.  This  treatment  should  be  followed  by  ti  e application  of  a com- 
press bandage.  After,  the  process  has  reached  maturity,  if  the  keratectasia 
is  small,  it  can  be  destroyed  by  the  galvn  nocautery  or  punctured  with  a 
keratome,  and  in  its  place  a flat  cicatrix  will  form.  Here  also  the  compress 
bandage  will  be  of  value.  The  obstae’e^  to  excision  of  the  affected  area  and 
the  grafting  therein  of  part  of  the  cornea  of  one  of  the  lower  animals  are  at 
present  so  great  as  to  make  this  operation  of  doubtful  utility. 

Fistula  of  the  Cornea  (Fistulous  Staphyloma). — This  name  is  applied 
to  twro  conditions.  A tm  corneal  fistula  exists  when,  after  a perforating 
wound  or  ulcer,  a prolapse  of  iris  occurs  which  is  not  large  enough  to  close 
the  tubular  opening.  Although  the  lens  comes  forward  after  the  escape 
of  aqueous  humor  ard  temporarily  blocks  the  opening,  healing  does  not 
occur,  because  t p;eee  of  the  iris  lies  in  the  wound.  In  true  corneal  fistula 
there  is  a dr  wo  growth  of  epithelium  which  also  interferes  with  the  healing 
process. 

A ” various  fistula  exists  when  a small  corneal  staphyloma  repeatedly 
runt  ores  under  the  influence  of  intra-ocular  pressure  of  either  normal  or 
increased  amount.  Microscopic  examination  show’s  an  absence  of  epithelial 
dcvvngrowth.  The  iris  may  or  may  not  be  incarcerated  in  the  wound.  In 
a case  of  this  kind  following  a corneal  ulcer,  occurring  in  the  author’s 
clinic,  the  patient  was  in  the  habit  of  opening  the  apex  of  the  small 
staphyloma  with  a needle,  whenever  increased  intra-ocular  tension  produced 
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pain  in  the  eye.  The  evacuation  of  aqueous  humor  was  followed  by  several 
days  of  relief.  As  usually  happens  in  corneal  fistula,  the  case  ended  in  an 
enucleation.  Histologic  examination  showed  an  absence  of  epithelial  lining. 

These  definitions  are  based  on  pathologic  studies.  To  distinguish  the 
conditions  clinically  is  often  impossible. 

Clinically,  a fistula  of  the  cornea  exists  as  a weak  spot  which  alternates 
between  closure  and  patency.  Its  site  is  indicated  by  the  presence  of  a 
small,  black  point  from  which  the  aqueous  humor  seeps.  When  located 
near  the  centre  of  the  cornea,  the  black  point  is  absent  and  the  area  sur- 
rounding the  fistula  is  composed  of  scar-tissue. 

A corneal  fistula  may  follow  a wound  or  be  a sequel  of  ulcerative  kera- 
titis. It  may  be  located  in  any  part  of  the  cornea.  When  the  cicatrix 
breaks,  the  aqueous  humor  is  lost;  the  lens  comes  forward  and  may  touch 
the  borders  of  the  fistula,  causing  an  anterior  polar  opacity.  The  eye  be- 
comes soft  and  may  eventually  be  lost  by  infection  or  by  atrophy  of  the  globe ; 
or  the  closing  of  the  fistula  may  be  followed  by  glaucomatous  symptoms. 


Fig.  242. — Fistulous  ulcer  of  the  cornea.  (Wurdem>w.) 

Prognosis. — In  brief,  the  prognosis  of  corneal  fistula  is  unfavorable, 
the  eye,  as  a rule,  being  destroyed  by  chronic  iridocyclitis,  by  panophthal- 
mitis, or  by  secondary  glaucoma. 

Treatment. — This  admits  naturally  of  divc:on  into  (1)  medical  or 
non-operative  and  (2)  surgical  treatment. 

1.  The  non-operative  measures  include  rest  in  bed  and  the  use  of 
miotics  (proposed  by  Zehender  in  18^2),  lor  the  purpose  of  reducing  intra- 
ocular tension,  and  the  application  of  a compress  bandage  to  give  support 
to  the  weakened  tissues.  Under  tin's  plan  there  is  often  an  improvement. 
The  anterior  chamber  re-forms  and  the  surgeon  may  expect  a cure.  Often 
he  will  be  disappointed.  The  intra-ocular  tension  rises,  the  weakened  tissues 
rupture  again,  and  the  anterior  chamber  is  abolished.  Thus,  the  eye  alter- 
nates between  a condition  of  abnormal  softness,  due  to  an  open  fistula,  and 
a state  of  gradual  increase  of  intra-ocular  pressure  until  rupture  occurs. 
Such  eyes  often  pa^s  into  a condition  of  chronic  iridocyclitis  with  softening, 
or  they  may  si  ow  panophthalmitis.  As  a rule,  non-operative  treatment  is 
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of  value  only  in  so  far  as  it  favors  the  restoration  of  the  anterior  chamber 
and  renders  the  performance  of  iridectomy  possible.  The  miotic  to  be 
employed  should  be  arecolin,  which  is  less  irritating  than  eserin  or  pilo- 
carpin.  It  is  to  be  employed  in  a */,-  to  1-per-cent,  strength  solution,  2 or 
3 drops  being  instilled  into  the  conjunctival  sac  twice  or  thrice  a day.  If, 
under  the  use  of  the  miotic  and  the  bandage,  the  condition  improves,  noth- 
ing further  will  be  necessary.  If,  however,  the  weakened  cornea  again 
breaks,  as  frequently  occurs,  only  surgical  measures  can  be  looked  to. 

2.  Surgical  measures  for  the  cure  of  corneal  fistula  are  numerous. 
They  include  iridectomy,  electrolysis,  cauterization  of  the  diseased  area, 
covering  it  with  a conjunctival  flap,  excision,  bruising  of  the  walls  of  the 
fistula  with  forceps,  and  the  introduction  of  a suture. 


Fig.  243.  True  con^a.  fi*  tula,  showing  downgrowth  of 
epithelium.  (Author.) 

(Photomicrograph  by  Ha.  H.  P.  Wells  of  a section  lent  by  Da.  W.  E.  Fischer.) 

Iridectomy  will  save  some  cases  of  fistula.  It  acts  advantageously  in 
two  ways:  (1)  by  reducing  intra-ocular  tension  and  (2)  by  removing  a tag 
of  incarcerated  iris-tissue  which  prevents  healing.  To  be  of  value  in  the 
latter  instance  if  must  be  performed  early,  since  iris-tissue  which  is  in- 
carcerated :u  tue  lips  of  the  corneal  wound  soon  undergoes  changes,  be- 
coming intimately  united  with  fibrin  and  exudates. 

Ci  uterization,  theoretically,  should  be  the  ideal  operation.  It  cer- 
tmiii y n a rational  procedure  to  destroy  the  epithelium  which  has  down- 
gro.  n into  the  cornea  and  prevents  healing.  In  the  case  of  a spurious 
fistula  i.e.,  a small  bulging  scar— it  is  equally  rational  to  use  the  cautery. 
But,  unfortunately,  by  the  methods  heretofore  in  use,  a thorough  cauter- 
ization of  the  fistulous  area  cannot  be  accomplished  without  injury  to  the 
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crystalline  lens.  Thus,  the  surgeon  is  likely  to  produce  a cataract  by  at- 
tempting to  cure  a fistula.  The  depth  of  the  normal  anterior  chamber  is 
only  2.6  millimetres  and,  as  stated  above,  the  chamber  is  temporarily  abol- 
ished whenever  a corneal  fistula  is  open.  To  obviate  the  dangers,  and  at 
the  same  time  to  obtain  the  benefits  of  cauterization,  the  author  has  devised 
the  operation  which  is  described  in  the  latter  part  of  this  chapter.  Excision 
and  suturing  have  been  proposed.  They  must  be  regarded  as  dangerous 
and  unnecessary  procedures.  Many  years  ago  de  Wecker,  believing  fistula 
to  be  caused  by  the  eversion  of  the  membrane  of  Descemet,  devised  the  fol- 
lowing operation : A fine  straight  forceps  was  introduced.  The  wall  of  the 
fistulous  tract  was  seized  and  torn  so  as  to  denude  the  true  corneal  tissue. 
A solution  of  atropin  was  used  and  a compress  bandage  was  applied,  being 
removed  and  reapplied  daily  for  two  weeks.  In  this  way  de  Wecker  cured  a 
case  which  for  ten  months  had  resisted  other  methods  of  treatment.  Hey- 
mann  states  that  in  some  cases  a permanent  cure  has  followed  the  covering 
over  of  the  fistulous  area  with  a conjunctival  flap.  It  is  assumed  that  this 
procedure  is  preceded  by  a bruising  of  the  walls  of  the  canal  and  a removal 
of  the  tag  of  incarcerated  iris. 

Electrolysis  has  been  employed  by  Cornwall,  who  cured  a case  of 
corneal  fistula  in  which  an  unfavorable  prognosis  had  been  given.  The 
opening  was  situated  near  the  corneal  periphery  and  was  so  small  that  nearly 
normal  tension  was  maintained.  His  procedure  was  as  follows : The  point 
of  a jeweler’s  broach  was  bent  at  a right  angle  to  the  main  shaft,  the  bent 
portion  measuring  about  one  millimetre  in  length.  Under  cocain  anesthesia 
this  was  inserted  into  the  fistula.  The  dispersing  electrode  was  placed  or, 
the  cheek.  A current  of  the  strength  of  */4  milliampere  was  used.  The 
bent  portion  of  the  electrode  was  rotated  so  as  to  describe  a circle  and  in 
this  way  the  cornea  and  iris  were  eroded.  The  eye  was  bandager.  for  two 
days.  A complete  cure  followed. 


OPACITIES  OF  THE  CORNEA. 

In  this  place  will  be  considered  those  opacities  of  the  cornea  which 
are  stationary,  reference  having  been  made  els-  where  in  this  chapter  to 
the  various  changeable  opacities  which  accompany  keratitis.  A stationary 
opacity,  which  is  usually  permanent,  may  be  of  inflammatory  or  of  non- 
inflammatory origin.  A typical  example  of  the  latter  is  the  arcus  senilis. 

Arcus  Senilis  (Gerontoxon  Coj.necO). — This  is  an  opaque  circle  situated 
within  the  corneoscleral  margin,  t;om  which  it  is  separated  by  a narrow 
strip  of  transparent  cornea.  It  is  due  to  hyalin  degeneration,  and  is  found 
chiefly  in  middle-aged  and  fiderly  subjects,  although  it  has  been  seen  in 
children.  It  is  hereditary  in  some  families.  It  appears  first  as  a gray, 
semilunar  arc  in  the  uoper  part  of  the  cornea ; this  is  followed  by  a similar 
arc  below,  and  f.niilj  the  arcs  unite  to  form  a ring.  The  formation  of 
arcus  senilis  mi  st  be  regarded  as  physiologic  in  old  people.  The  condition 
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does  not  call  for  treatment  and  wounds  through  this  part  of  the  cornea — 
for  example,  the  incision  for  cataract  extraction — heal  kindly. 

Opacities  due  to  Keratitis. — A faint  opacity  of  the  cornea  which  is 
visib’e  only  to  careful  (oblique)  examination  is  known  as  a nebula;  an 
opacity  which  appears  grayish  by  daylight  is  called  a macula;  and  an 
opacity  which  causes  disfigurement  by  its  whiteness  and  density  is  named 
leucoma.  If  an  adhesion  of  the  iris  to  the  cornea  exists,  the  last-named 
opacity  is  called  an  adherent  leucoma.  All  of  these  opacities  reduce  vision, 
and  some  cause  positive  disfigurement. 

The  amount  of  reduction  in  visual  acuity  will  depend  on  the  density 
of  the  opacity,  its  location  with  reference  to  the  pupil,  and  the  amount  of 
distortion  of  the  corneal  surface.  In  these  cases  vision  for  distance  is  much 
more  reduced  than  is  near  vision.  The  opacity  produces  an  irregular  astig- 
matism, which  often  does  not  admit  of  improvement  under  glasses  or  the 
use  of  a stenopaic  slit;  and,  furthermore,  it  is  a fruitful  source  of  nystag- 
mus, strabismus,  myopia,  and  amblyopia.  An  adherent  leucoma  may  pro- 
duce secondary  glaucoma.  Small  corneal  cicatrices  sometimes  cause  kera- 
talgia,  which  is  evidenced  by  lacrimation,  pericorneal  injection,  end  ciinry 
pain  due  to  strangulation  of  nerve-filaments.  Corneal  scars  may  mdergo 
hyalin,  fatty,  or  keloid  degeneration.  Often  the  hyalin  substance  becomes 
impregnated  with  lime  salts,  as  can  be  demonstrated  microscopically.  In- 
crustations of  metallic  salts  are  visible  to  the  naked  eve,  and  often  follow 
the  use  of  solutions  of  the  acetate  of  lead  in  ulcerative  keratitis.  The  result 
is  a white  scar.  As  has  been  said  elsewhere,  the  salts  jf  lead  should  never 
he  used  in  the  treatment  of  ulcer  of  the  cornea.  In  some  instances  it  seems 
impossible  to  demonstrate  the  presence  of  lea.  1 in  corneal  scrapings,  but  re- 
cently Ellett  has  found  the  usual  lead  react  on  ’ in  microchemic  examination. 

Treatment. — Many  remedies  have  been  tried  in  the  treatment  of 
corneal  opacities.  Mercurial  salves  ha  ^ been  used,  followed  by  massage 
of  the  eye  through  the  lids.  Calomel  and  other  powders  have  been  dusted 
on  to  the  cornea,  lotions  have  kee  n sprayed  on  to  the  cornea,  and  jequirity 
has  been  brushed  upon  the  conjunctiva,  all  with  the  purpose  in  view  of 
causing  irritation,  stimulation,  and  absorption  of  the  scar-tissue.  Electric- 
ity has  its  advocates.  Alluman  favors  the  galvanic  current;  the  cathode 
in  the  form  of  a silver  cup,  seven  millimetres  in  diameter,  in  which  a drop  of 
mercury  is  places1  is  applied  to  the  cornea,  while  the  anode  of  sponge  is 
placed  on  the  cheek.  At  first  the  seances  last  one  minute  and  from  14  to 
1 Y2  milliam pores  are  used;  later  they  last  four  or  five  minutes,  and  3 or 
4 milliumperes  are  used.  It  is  said  that  the  greatest  improvement  obtains 
in  the  scar-tissue  following  interstitial  keratitis,  although  opacities  follow- 
ing corneal  ulcers  are  also  benefited.  The  treatment  is  given  under  holocain 
or  c<  cam  anesthesia,  and  is  repeated  every  third  or  fourth  day. 

Massage  of  the  cornea  may  be  used  indirectly — i.e.,  through  the  eye- 
lid— or  directly — i.e.,  by  applying  pressure  with  a lens-spoon  or  spatula 
against  the  opaque  spot.  Indirect  massage  with  powdered  boric  acid  is 
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sometimes  followed  by  improvement.  Calomel  insufflations  should  not  be 
used  in  the  eyes  of  persons  who  are  taking  the  iodids,  since  the  iodid 
excreted  in  the  tears  forms  with  calomel  an  irritant  compound.  In  case 
massage  or  insufflation  is  used,  or  both  together,  benefit  may  follow  the 
application  of  hot  packs. 

The  administration  of  2-  or  3-grain  capsules  of  thiosinamin,  continued 
for  two  or  three  months,  has  sometimes  resulted  in  the  disappearance  of 
nebulae.  Some  cases  of  dense  corneal  opacity  have  shown  marked  improve- 
ment under  its  use  (Suker).  The  prolonged  use  of  dionin  (5-  to  10-per- 
cent.  solutions)  sometimes  has  been  of  value.  In  calcareous  opacities  of 
the  cornea  Mazet  has  used  lithium  benzoate  (2.5-  to  10-per-cent,  solutions) 
with  benefit.  In  silver-opacities  Marquez  reports  good  results  from  the 
instillation  of  hyposulphite  of  sodium  (5-per-cent,  solution)  preceded  by 
the  use  of  cocain. 

When  such  measures  have  been  faithfully  tried  and  seem  to  have  lost  their 
value,  nothing  remains  but  surgical  treatment.  The  measures  of  this  class  are 
numerous,  but  attention  will  be  directed  chiefly  to  three:  iridectomy,  surface- 
needling  of  the  cornea,  and  keratoplasty.  In  case  of  adherent  leucoma  a certain 
amount  of  clearing  of  the  opacity  follows  the  division  of  adhesions  of  the  iris  to  the 
cornea  by  means  of  a von  Graefe  knife  or  by  an  iridectomy.  However,  vision  may  be 
made  worse  by  iridectomy  because  of  admission  of  diffuse  light.  Tattooage  of  the 
cornea  may  be  resorted  to  under  such  circumstances.  In  case  of  great  reduction  of 
vision  from  a corneal  scar,  an  optical  iridectomy  may  give  a brilliant  result. 

Seeley  and  de  Beck  have  observed  marked  improvement  in  vision  in  eyes  which 
had  been  tattooed  and  in  which  the  pigment  had  disappeared.  This  observation  lea 
them  to  adopt  the  usual  steps  of  tattooing,  omitting  the  India  ink.  This  surfuee- 
needling  of  the  cornea  is  simply  pricking  the  opaque  tissue  with  the  needTe.  The 
conjunctiva  is  washed  with  sterile  water  and  the  pricking  is  done  with  a *terile 
instrument.  The  operation  may  be  repeated  at  intervals  of  about  a year.  In  many 
cases  vision  will  be  increased  from  the  counting  of  fingers  at  seven  feet  to  V . = 2 %00 
or  even  2%0. 

Opacities  due  to  a deposit  of  lead  in  the  cornea  aie  to  be  treated  by 
abrasion.  Keratoplasty  may  be  of  value  in  cases  of  total  leacoma  in  which 
perception  of  light  is  present. 

INJURIES  OF  THE  CORNEA  (TRAUMATIC  KERATITIS). 

Its  exposed  position  renders  the  cornea  liable  to  injuries  of  many 
kinds.  These  include  lacerated,  incisal,  and  punctured  wounds;  pressure- 
injury  during  instrumental  delivery;  burns  and  scalds;  frostbite  from  ex- 
cessive application  of  cold,  etc. 

Injuries  from  Heat  and  Chemicals. — In  this  class  may  be  placed  those 
cases  in  which  the  cornea  is  injured  by  heat  and  chemicals.  Hot  water, 
burning  gases,  hot  oil,  la’d;  the  ends  of  matches,  cigars,  or  cigarettes; 
and  curling-irons  arc  agents  often  causing  injury  to  the  cornea.  Naturally 
the  interpalpebrel  pa :t  of  the  cornea  is  most  violently  affected  by  these 
agents. 
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Symptoms. — After  injury  the  eye  will  be  painful;  there  will  be 
profuse  lacrimation,  photophobia,  pericorneal  and  conjunctival  injection, 
with  more  or  less  swelling  of  the  conjunctiva  and  eyelids.  There  is  a muco- 
purulent or  purulent  discharge.  The  corneal  lesion  may  be  limited  to  the 
epithelial  layer,  producing  a thin,  whitish  film,  which  is  soon  regenerated; 
or  the  deeper  layers  may  be  involved,  producing  a dense,  opaque  scar  or 
causing  perforation.  In  such  severe  injuries  of  the  cornea  it  is  the  rule 
that  the  conjunctiva  likewise  is  seriously  involved  (Fig.  1,  Plate  X),  leading 
to  adhesions  between  the  globe  and  eyelids. 

Treatment. — If  the  injury  is  caused  by  an  acid,  and  the  case  is  seen 
early,  an  attempt  at  neutralization  can  be  made  with  a solution  of  bicar- 
bonate of  potash  (saleratus).  If  lime,  caustic  potash,  or  other  alkali  has 
produced  the  injury,  it  may  be  neutralized  with  dilute  vinegar  or  lemon- 
juice.  The  foreign  substance  should  be  removed  and  the  conjunctiva 
should  be  washed  thoroughly  with  sterile  water  or  with  physiologic  salt  solu- 
tion. Pain  is  kept  under  control  by  the  application  of  cold  compresses, 
which  are  to  be  frequently  changed,  and  by  the  instillation  of  a 1-pei  cent, 
strength  solution  of  holocain.  Denuded  areas  of  conjunctiva  may  be  kept 
from  growing  together  by  frequently  drawing  the  lid  away  from  ihe  globe; 
however,  if  the  fornix  is  involved,  a symblepharon  will  surely  form.  In 
case  both  ocular  and  palpebral  conjunctiva  are  burned,  and  the  involved 
ocular  area  is  small,  sutures  may  be  used  to  close  the  ga  p ±t  the  ocular  con- 
junctiva and  adhesions  can  thus  be  prevented.  Whe^e  +wo  raw  surfaces  are 
in  contact  the  daily  use  of  the  probe  and  the  application  of  an  unirritating 
ointment  may  prevent  or  limit  adhesions. 

Mechanical  Injuries  of  the  Cornea. — These  injuries  may  be  inflicted 
in  any  one  of  many  ways,  and  may  be  complicated  by  the  lodgment  of 
foreign  bodies.  Compression  injuries  ^re  sometimes  met  with  in  the  new- 
born as  the  result  of  instrumental  a -livery.  In  such  cases  there  will  be 
bruising  of  the  eyelids  and  conjunctiva,  with  dulling  of  the  anterior  corneal 
layers,  followed  by  an  obliqueiy  placed  scar.  In  the  course  of  several  months 
such  opacities  may  entire)}'  disappear.  Scratches  may  be  caused  by  the 
finger-nail,  a twig,  etc.,  and  are  extremely  painful  and  liable  to  infection. 
Such  injuries  may  be  Tflbwed  by  recurrent  bullous  keratitis.  Not  rarely 
the  attacks  recur  several  times  a year,  for  two  or  three  years.  In  this  disease 
the  attacks  invariably  come  on  in  the  morning,  the  patient  awakening  with 
pain,  pericorneal  injection,  and  lacrimation.  Punctured  and  incised  wounds 
of  the  corre^  usually  involve  other  structures  (the  sclera  or  iris  and  lens). 
Such  wounds,  without  the  lodgment  of  a foreign  body,  may  come  from  the 
unskillful  use  of  a needle  or  from  the  impact  of  a thorn.  Contusions  of  the 
cornea  are  not  uncommon,  and  generally  other  parts  of  the  eye  are  injured 
at  rhe  same  time.  Injuries  by  flying  pieces  of  coal  are  often  followed  by 
corneal  necrosis. 

Symptoms. — Injuries  to  the  cornea  are  generally  followed  by  severe 
pain,  photophobia,  lacrimation,  pericorneal  injection,  and  reduction  in 
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vision.  There  is  a scratching  sensation,  leading  the  patient  to  believe  that 
a foreign  body  is  present.  The  injured  eye  should  be  examined  by  oblique 
illumination.  Denuded  areas  can  be  outlined  accurately  by  the  use  of 
fluorescin  solution. 

Prognosis. — Corneal  injuries  are  peculiarly  liable  to  be  followed  by 
infection.  This  is  particularly  the  case  in  the  presence  of  dacryocystitis. 
Deep  wounds  always  leave  a scar,  which,  if  located  over  the  pupil,  interferes 
with  vision.  Penetrating  wounds,  followed  by  loss  of  the  aqueous  humor 
and  sometimes  by  prolapse  of  the  iris,  are  chiefly  of  interest  in  connection 
with  the  damage  done  to  the  iris,  lens,  and  deeper  structures  of  the  eye. 

Treatment. — Patients  with  corneal  injuries  are  clamorous  for  relief, 
and  holocain  should  be  used  to  relieve  pain.  The  conjunctiva  should  then 
be  flushed  with  a weak  bichlorid  solution  (1  to  5000),  atropin  should  be 
instilled,  and  the  eye  should  be  covered  with  a light  gauze  dressing.  If  the 
injury  has  been  infected,  the  treatment  will  be  the  same  as  outlined  above, 
with  the  addition  of  the  destruction  of  the  infected  area  by  the  curette  or 
galvanocautery. 

Penetrating  wounds  of  the  cornea  require  careful  treatment  lest  in- 
fection occur  and  spread  to  the  deep  ocular  structures.  The  cornea  and 
conjunctiva  should  be  washed  with  a sterile  bichlorid  (1  to  5000)  or  salt 
solution  (0.5-per-cent,  strength).  If  a prolapsed  iris  is  present,  it  should 
be  cut  off.  To  prevent  secondary  infection,  the  wound  should  be  covered 
with  a conjunctival  flap.  If  the  wound  is  situated  at  the  periphery  of  the 
cornea,  the  simplest  method  of  covering  it  will  be  to  loosen  the  conjunctiva 
all  around  the  cornea,  and  insert  a purse-string  suture.  This  is  to  hr  tied 
and  is  left  in  situ  for  several  days.  If  the  wound  involves  the  centre  of  the 
cornea,  a loosening  of  the  conjunctiva  with  the  excision  of  a suitatde  area 
of  this  membrane,  will  be  required.  In  simple,  clean-cut  corned  rounds 
this  method  of  treatment  may  not  be  necessary.  In  laceraLej  wounds  it 
should  be  adopted. 

Healing  of  Corneal  Wounds. — Since  pathologists  have  made  it  the 
battle-ground  on  which  to  test  their  theories,  much  has  oeen  written  con- 
cerning the  healing  of  wounds  of  the  corne°  Systematic  writers  dis- 
tinguish three  stages  in  the  reparative  process  — 

1.  The  stage  of  simple  adhesion. 

2.  The  stage  of  temporary  closure  oi  the  wound  through  epithelial 
plugging. 

3.  The  stage  of  definite  scar-foi. nation. 

It  is  impossible  here  to  disease  ihe  minute  changes  which  occur  in  the 
healing  process.  For  such  information  the  reader  is  referred  to  systematic 
treatises  on  surgical  pathology. 

Hemorrhage  into  tiie  lomea. — A very  rare  accident  is  hemorrhage 
into  the  layers  of  the  cornea.  As  a result  of  trauma,  blood  is  effused  be- 
tween the  layer  of  D3bCc:met  and  the  substantia  propria, -and  slowly  spreads 
until  it  obscure:,  nearly  the  whole  iris.  After  a period  of  two  or  three 
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weeks  the  blood  is  absorbed,  leaving  some  pigment  stippling  the  cornea. 
In  a case  of  hemorrhage  into  the  cornea  the  diagnosis  must  be  made  by 
oblique  illumination,  and  it  will  be  necessary  to  exclude  hemorrhage  into 
the  anterior  chamber.  Fig.  244  shows  a hemorrhage  into  the  cornea  as  it 
appeared  one  day  after  the  eye  had  been  struck  by  a flying  cinder,  and  in 
Fig.  245  the  same  eye  is  shown  as  it  appeared  one  day  later. 

Foreign  Bodies  in  the  Cornea— The  lodgment  of  a foreign  body  in  the 
cornea  is  a common  accident.  Pieces  of  iron,  steel,  brass,  copper,  coal,  stone, 
or  wood  are  among  the  common  missiles.  A foreign  body  may  injure  only 
the  epithelium  or  it  may  penetrate  deeply  into  the  cornea.  The  seriousness 
of  such  an  accident  depends  somewhat  on  the  depth  to  which  it  penetrates, 
but  chiefly  on  the  condition  of  the  foreign  body.  If  aseptic,  little  harm 
results,  aside  from  the  formation  of  a scar  when  penetration  has  been  deep ; 
if  septic,  it  may  set  up  rapidly  destructive  necrotic  process  which  often 
ends  in  iritis,  perforation  of  the  cornea  with  its  attendant  evils,  or  pan- 
ophthalmitis. The  size  of  these  missiles  varies  greatly.  Most  of  them  are 


Fig.  244.— Hemorrhage  into  the  cor-  Fig.  245— The  same  eye  one  day 


nea.  (After  de  Beck.) 


later.  (After  de  Beck.) 


minute  pieces  which  may  defy  recognition  until  after  the  use  of  oblique 
illumination,  with  or  without  ire  aid  of  fluoresein  solution.  Pain,  photo- 
phobia, lacrimation,  and  pt-icoineal  injection  follow  the  injury. 

Treatment. — The  i: idi nations  for  treatment  are:  (1)  removal  of  the 
foreign  body,  (2)  tie  prevention  of  infection,  and  (3)  the  treatment  of 
complications.  To  remove  a foreign  body  lodged  in  the  cornea  is  usually 
such  a simple  affair  fiat,  some  practitioners,  it  is  to  be  feared,  do  not  observe 
the  rules  of  asepsis.  The  instruments  required  are  a speculum,  fixation 
forceps,  corneal  spud,  and  a cataract-needle.  Rarely  will  it  be  necessary 
to  use  other  instruments,  although  it  is  conceivable  that  a small  foreign 
body,  ’edged  deeply  in  the  cornea  and  projectirig  into  the  anterior  chamber, 
may  best  be  removed  by  passing  a keratome  into  the  chamber  and  pressing 
it  against  the  foreign  body,  while  a cataract-needle  is  applied  externally  to 
i . y the  substance  out  of  its  bed.  In  an  ordinary  case  the  surgeon  proceeds 
as  follows:  The  eye  having  been  anesthetized  with  holocain,  the  speculum 
is  placed  in  position  and  the  eye  is  held  quiet  with  the  fixation  forceps  in 
the  left  hand,  while  the  right  guides  the  spud  or  cataract-needle.  The  in- 
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strument  is  placed  under  the  foreign  body  and  lifts  it  out.  If  imbedded 
deeply,  the  cataract-needle  can  be  used  to  dig  it  out.  The  conjunctiva, 
which  previous  to  the  operation  should  have  been  flushed  with  a 1 to  5000 
bichlorid  solution,  is  again  washed.  Usually  it  is  not  advisable  to  bandage 
the  eye.  In  case  the  injury  is  of  severe  character,  atropin  and  a gauze 
dressing  should  be  used.  The  patient  should  be  seen  once  a day  until  he  is 
well.  If  infection  has  occurred,  the  case  will  require  atropin,  intermittent 
applications  of  moist  heat,  and  possibly  the  galvanocautery.  In  all  opera- 
tive procedures  about  the  eye  only  sterile  instruments  should  be  used.  The 
practice  of  removing  cinders,  etc.,  with  toothpicks,  knife-blades,  and  other 
unclean  instruments  is  a prolific  source  of  corneal  ulceration. 

If  the  foreign  body  rests  against  the  posterior  surface  of  the  cornea, 
and  its  shape  or  position  is  such  as  to  render  its  removal  impossible  by  the 
procedures  which  have  been  described,  the  surgeon  may  resort  to  the  tem- 
porary renversement  of  a corneal  flap  (Gayefs  operation). 


OPERATIONS  ON  THE  CORNEA. 

Abrasion  of  the  Cornea  is  the  scraping  or  cutting  off  of  the  super- 
ficial layers.  It  can  be  done  with  a cataract-needle,  with  the  knife  of  von 
Graefe  or  that  of  Beer,  or  with  a small  scalpel  or  curette.  The  operation  is 
performed  in  a limited  area,  as  a necessary  step  in  the  removal  of  foreign 
bodies,  and  as  a more  extensive  procedure  in  the  removal  of  deposits  of  lead 
in  the  cornea,  or  in  the  removal  of  opaque  masses  in  ribbon-shaped  kera- 
titis. Deschamps  has  advocated  curettement  of  the  cornea  after  the  re.no\aI 
of  the  apex  of  a pterygium.  Abrasion  (curettement)  is  frequently  don°  *or 
the  cure  of  infected  corneal  ulcers. 

Paracentesis  of  the  Cornea. — This  operation  can  be  performer  with  a 
cataract  knife  or  needle  or  with  a small  keratome.  The  ott  e:  instruments 
required  are  a speculum  and  fixation  forceps.  The  punccuie  can  be  made 
in  any  portion  of  the  periphery  of  the  cornea.  A f(vr  drops  of  aqueous 
humor  are  permitted  to  escape,  this  being  facilitated  by  a turning  of  the 
instrument  on  its  axis.  The  operation  is  indicted  by  an  increase  of  intra- 
ocular tension:  glaucoma,  hydrophthalmos,  :riti->.  Pafacentesis  in  glau- 
coma is  especially  valuable  in  the  glaucoma  following  cataract  extraction. 
After  the  evacuation  of  aqueous  a miotic  I?  tc  be  used.  Some  of  these  cases 
will  recover  without  further  treatment  often,  however,  an  iridectomy  is 
more  efficient.  If  paracentesis  is  indicated  in  corneal  ulcer,  the  opening 
should  be  made  not  through  the  ficox  of  the  ulcer,  as  is  usually  advised,  be- 
cause of  the  danger  of  infecting  the  eye,  but,  with  care,  a paracentesis  can 
usually  be  made  through  normal  tissue,  and  infection  should  not  follow. 

Cauterization  of  the  Cornea,  which  is  useful  in  the  treatment  of  in- 
fected cases  and  in  c >n>.  cornea,  can  be  done  by  chemic,  thermic,  or  electric 
means.  The  galv  tnocautery  is  preferred.  After  using  atropin  if  the  ulcer 
is  central,  or  eserin  if  it  is  peripheral,  a local  or  general  anesthetic  is  em- 
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ployed.  The  galvanocautery  is  brought  to  red  heat  and  is  applied  to  the 
ulcer.  After  all  the  sloughing  material  has  been  destroyed,  atropin  is  used 
and  the  eye  is  bandaged. 

In  the  treatment  of  conic  cornea  the  reaction  and  scar  are  proportionate 
to  the  extent  and  intensity  of  the  cauterization.  Moderate  cauterization  is 
followed  by  prompt  healing  and  limited  scars,  while  extensive  cauterization 
causes  iritis,  suppuration,  and  sloughing  of  the  cornea.  Perforation  of  the 
cornea  should  be  avoided,  but  is  not  necessarily  followed  by  bad  symptoms. 
Knapp  uses  a convex,  disc-like  electrode  at  a dull-red  heat,  and  super- 
ficially burns  an  area  from  the  centre  of  the  cornea  down  and  outward  about 
four  millimetres  in  diameter.  After  a few  moments  a smaller  zone  within 
the  former  is  treated  the  same  way,  and,  last,  the  cold  electrode  is  placed 
in  the  centre  of  the  area  and  withdrawn  immediately  after  the  platinum 
becomes  red.  Holocain  is  the  anesthetic  used.  In  the  treatment  of  conic 
cornea  by  cauterization  at  least  one-half  of  the  pupillary  area  should  be 
spared. 

Excision  of  the  Cornea  (Staphylectomy). — This  operation  may  con- 
cern the  partial  or  total  removal  of  the  cornea.  Partial  removal  can  be 


Fig.  246. — Operation  for  corneal  staphyloma.  (Knapp.) 


effected  by  means  of  a cataract-knife  or  by  a trepan,  and  has  been  performed 
for  keratoconus,  staphyloma,  cor neal  fistula,  and  large  central  opacities. 
Total  excision  is  done  for  compVo  staphyloma  and  for  various  conditions 
as  a step  of  Mules’s  operation 

As  regards  partial  excision,  Berry’s  method  of  treatment  of  partial 
staphyloma  is  simple  and  effective.  A cataract-needle  is  passed  through  the 
base  of  the  protrusion  a rfi  a cataract-knife  is  used  to  cut  away  the  desired 
amount  of  cicatricial  tissue. 

Total  excismn  of  the  cornea  may  be  done  for  total  staphyloma  where 
there  is  a complete  loss  of  vision.  Beer  treated  these  cases  by  making  an 
incisior  below  with  the  triangular  knife  which  bears  his  name,  and  com- 
pleted xhb  excision  with  scissors.  The  wound  gradually  closes  with  a white 
cicatrix.  Critchett’s  operation  is  made  by  first  passing  four  or  five  long 
curbed  needles,  armed  with  silk  thread,  through  the  anterior  part  of  the 
globe.  The  staphyloma  is  then  abscissed,  the  needles  are  drawn  through,  and 
the  threads  are  tied.  Suppuration  in  the  operated  eye,  or  sympathetic  oph- 
thalmitis, may  occur  after  this  procedure.  Knapp,  to  avoid  the  danger 
of  passing  needles  and  threads  through  the  ciliary  body,  devised  the 
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following  operation:  A curved  needle  is  passed  through  the  conjunctiva 
and  outer  scleral  layer  at  a point  four  millimetres  behind  the  cornea, 
above  and  below  (Fig.  246),  both  nasally  and  temporally.  The  threads 
are  left  in  position,  the  staphyloma  is  abscissed  according  to  Beer’s  method, 
the  lens  is  removed,  and  the  threads  are  tied.  By  this  operation  the 
wound  is  closed  by  four  vertical  threads,  each  loop  forming  a suture.  When 
they  are  tied,  the  wound  closes  like  the  mouth  of  a purse.  De  Wecker,  after 
excising  the  staphyloma,  covers  the  defect  with  conjunctiva  drawn  by  a 
purse-string  suture.  Other  methods  of  corneal  excision  have  been  devised 
by  Carter,  Panas,  and  Czermak. 

The  accidents  following  these  operations  are  immediate  and  remote. 
Among  the  former  are  hemorrhage  and  suppuration.  Intra-ocular  hemor- 
rhage, when  occurring  during  the  operation,  results  in  expulsion  of  the  vit- 
reous humor,  while  the  retina  and  chorioid  appear  in  the  wound.  This  acci- 
dent renders  it  necessary  to  change  the  operation  into  an  evisceration,  with  or 
without  the  insertion  of  an  artificial  vitreous  body,  as  in  the  judgment  of 
the  operator  seems  best.  Suppuration,  which  was  frequent  before  the  era 
of  asepsis,  and  which  occurred  in  case  sutures  were  not  used  to  close  the 
wound,  is  now  a rare  accident.  The  remote  accidents  are  glaucoma,  plastic 
chorioiditis,  the  formation  of  exuberant  granulations,  and  sympathetic  oph- 
thalmitis. Glaucoma  does  not  occur  unless  the  lens  is  left  in  situ  or  a large 
part  of  the  staphyloma  remains.  If  tardy  suppuration  or  plastic  chorioi- 
ditis occurs,  the  stump  must  be  curetted.  Polypoid  growths  in  the  stump 
call  for  the  use  of  the  cautery.  Sympathetic  ophthalmitis,  so  terrible  a 
complication,  is  fortunately  of  rare  occurrence.  If  threatened,  the  scumo 
should  be  enucleated  and  the  optic  nerve  resected  to  the  optic  foramen. 
The  results  of  excision  of  the  cornea  are  very  beautiful.  The  stumo  serves 
to  support  an  artificial  eye,  and  the  cosmetic  effect  is  all  that  ^ould  be 
expected. 

Keratotomy. — This  operation,  the  incising  of  the  corner,  is  a step  in 
the  cataract  operation,  in  iridectomy,  in  the  removal  of  foreign  bodies  from 
the  anterior  chamber,  etc.  It  is  not  to  these  that  reference  is  here  made,  but 
to  the  keratotomy  of  Saemisch,  which  is  applied  to  hie  treatment  of  ulcus 
serpens.  This  kind  of  ulcer  often  fails  to  improve  under  treatment  less 
heroic  than  section  of  the  cornea. 

Saemisch’s  Incision. — This  operation  indicated  in  rapidly  spread- 
ing (serpiginous)  ulcers  of  the  cornea,  which  have  involved  a considerable 
area  and  have  resisted  ordinary  tceiapoutic  measures.  The  necessary  in- 
struments are  a speculum,  fixation  forceps,  and  a narrow  von  Graefe  knife. 
A spatula,  iris  forceps,  and  scissors  should  be  provided  as  reserve  instru- 
ments. 

A local,  or  preferably  a general,  anesthetic  should  be  used.  The  spec- 
ulum having  been  introduced  and  the  fixation  forceps  applied,  the  surgeon 
punctures  the  correa  in  its  horizontal  diameter,  at  a point  one  millimetre 
from  outside  the  ulcer.  The  counter-puncture  is  made  at  a corresponding 
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point.  The  section  is  then  completed  by  gentle  sawing  movements,  care 
being  taken  not  to  turn  the  knife  on  its  axis  lest  the  iris  become  prolapsed. 
The  completion  of  the  section  is  followed  by  a flow  of  aqueous  humor, 
which  carries  much  of  the  hypopyon  with  it.  The  fibrinous  mass  which 
engages  the  wound  is  now  to  be  removed  by  means  of  the  forceps.  A gauze 
dressing  and  bandage  are  to  be  applied,  and  should  be  changed  several  times 
a day.  Some  authorities  advise  that  the  wound  be  reopened  by  the  spatula, 
this  procedure  being  repeated  daily  for  five  or  six  days.  Such  treatment 
is  likely  to  be  followed  by  intra-ocular  infection.  Hence  it  is  unwise.  A 
colly rium  (made  with  boric  acid,  sublimate  solution,  or  argyrol)  should  be 
used  daily. 

Among  the  complications  are:  prolapse  of  the  iris,  which,  since  it 
cannot  be  excised,  results  in  anterior  synechia  and  later  may  cause  sec- 
ondary glaucoma;  loss  of  the  lens  and  vitreous  body,  which  will  be  more 
likely  to  occur  under  local  than  under  general  anesthesia,  often  leads  to 
panophthalmitis.  Since  SaemisclTs  incision  is  employed  only  in  desperate 
cases,  the  complications  are  of  little  importance. 

Operation  for  Fistula  of  the  Cornea. — To  obviate  the  danger  of  injury 
to  the  lens  during  the  treatment  of  a corneal  fistula  the  author  proposes 
the  following  operation:  A keratome  is  to  be  introduced  into  tne  anterior 
chamber  as  in  the  first  step  in  the  operation  of  iridectomy.  The  tip  of 
the  instrument  is  to  pass  beyond  the  fistulous  area,  aid  the  instrument  is 
then  to  be  held  in  situ  while  a cautery  is  used  to  destroy  the  epithelial 
lining,  the  tag  of  iris-tissue  which  is  often  present  in  the  fistula,  and  the 
bulging  bleb  of  Descemet’s  membrane.  The  keratome  is  to  be  withdrawn 
carefully  to  avoid  injury  to  the  lens.  Atropin  and  a compress  bandage  are 
to  be  used  in  the  after-treatment.  Duri.ig  ;he  operation  the  lids  should  be 
separated  by  a speculum,  and  the  eyeball  should  be  fixed  with  forceps.  It 
is  necessary  that  the  forceps  should  be  placed  several  millimetres  behind  the 
point  at  which  the  keratome  ir  to  be  introduced.  If  the  forceps  be  placed 
on  the  globe  at  a point  opposite  the  place  at  which  the  keratome  is  to  be 
passed,  the  eye  may  be  subjected  to  sufficient  pressure  to  cause  a rupture 
of  the  weakened  arer,.  ? he  operation  must  then  be  postponed  until  such 
time  as  the  anterior  chamber  shall  have  re-formed. 

Temporary  7^::versement  of  a Corneal  Flap  (Gayet’s  Operation)  is 
performed  for  the  removal  of  foreign  bodies  which  rest  against  the  posterior 
surface  of  the  cornea  and  cannot  be  extracted  by  ordinary  means.  Under 
general  aae:thesia  and  scrupulous  cleanliness,  the  following  operation  is 
done.  _ , With  a von  Graefe  knife  the  surgeon  makes  a corneal  flap,  which 
is  somewhat  similar  to  that  of  a cataract  operation.  The  size  and  position 
cf  Ue  flap  must  be  regulated  by  the  site  and  dimensions  of  the  foreign  body. 
9 Tne  flap  is  seized  with  forceps  and  is  reversed, — i.e is  bent  upon  itself, 
—thus  permitting  the  removal  of  the  foreign  body.  3.  The  flap  is  replaced. 
A suture  can  be  used  if  deemed  necessary.  Atropin  and  a compress  bandage 
are  used  in  the  after-treatment. 
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Tattooing  of  the  Cornea. — This  ancient  operation  was  revived  in  1869 
by  de  Wecker  and  is  employed  chiefly  in  those  dense  opacities  which  form 
a marked  impediment  to  vision  and  constitute  a noticeable  blemish.  The 
operation  should:  not  be  done  upon  thin  and  staphylomatous  cornese,  since 
it  may  be  followed  by  iritis,  iridocyclitis,  or  glaucoma.  According  to  Noyes, 
the  best  results  follow  where  the  cornea  is  of  normal  thickness  or  is  abnor- 
mally thick.  In  any  event,  tattooing  is  not  to  be  resorted  to  until  the 
pathologic  process  is  quiescent.  Colored  tattooage  was  employed  by  the 
ancients,  but  at  present  only  black  is  used.  The  operation  requires  a quiet 
(non-irritable)  eye,  a patent  drainage  apparatus,  and  an  aseptic  conjunc- 
tiva. Most  text-books  advise  that  the  white  spot  be  made  black,  the  Taylor 
needle  being  the  instrument  used.  While  this  method  undoubtedly  im- 
proves its  appearance,  the  eye  looks  unnatural,  because  its  most  character- 
istic feature — a black  central  pupil — is  wanting.  To  obtain  this,  Barck 
advises  the  surgeon  to  tattoo  a round  central  spot,  leaving  a surrounding 
area  unstained,  so  that  the  pupil  will  show  by  contrast,  while  the  periphery 
is  tattooed  and  made  to  resemble  as  far  as  possible  the  iris  of  the  normal  eye. 
The  making  of  a round  pupil  is  much  simplified  by  employing  Barck ’s 
instrument  (Fig.  247)  consisting  of  two  parallel  cutting  rings,  the  inner 


Fig.  247. — Tattooing  instrument.  (Barck.) 


marking  the  limits  of  the  pupillary  space,  while  the  outer  marks  th  s inner 
border  of  the  iris-ring.  These  boundaries  having  been  defined,  thi  tattooing 
is  finished  by  means  of  an  instrument  consisting  of  a bundle  oc  needles. 
Under  local  anesthesia,  the  eyeball  being  held  with  blunt  force*,*  to  avoid 
tearing  of  the  conjunctiva  and  staining  of  this  membrane,  a number  of 
obliquely  directed  stabs  are  made  through  the  epithelial  la>  er,  and  the  ink 
is  rubbed  into  the  openings.  The  eye  is  irrigated  with  sterile  water  and 
the  effect  noted.  The  process  is  repeated  at  intervals  of  two  or  three 
weeks  until  the  proper  coloration  has  been  secured.  Atropin  is  instilled 
and  a bandage  is  applied  for  a few  days.  The  substance  used  is  the  best 
quality  of  Chinese  or  India  ink,  made  inm  * sterile  solution  as  thick  as  oil 
or  paste.  The  result  may  remain  for  many  years,  but  in  some  cases  the 
pigment  is  absorbed  in  a few  months. 

Among  the  rare  accidents  following  this  operation  Terson  mentions 
infection  of  the  cornea  (causing  panophthalmitis),  perforation  with  the 
tattooing  needle,  iridocyclitis,  and  sympathetic  ophthalmitis.  Recently 
Trousseau  has  observed  «.  case  where  tattooing  of  an  eye  with  adherent 
leucoma  produced  irdocyclitis  and  sympathetic  ophthalmitis,  with  resulting 
blindness.  The  camp  author  has  once  observed  sympathetic  ophthalmitis 
following  tatto  ling  of  the  cornea  for  non-adlierent  leucoma. 
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During  the  operation  care  should  be  taken  not  to  tear  the  conjunctiva 
with  the  fixation  forceps,  since  this  will  result  in  tattooage  of  the  conjunc- 
tiva. To  avoid  this  accident  it  has  been  proposed  to  use  fixation  forceps 
made  of  bone,  ivory,  or  rubber. 

After  the  operation,  the  particles  of  charcoal  are  held  in  the  super- 
ficial corneal  lamellae  beneath  the  epithelium.  The  black  coloration  is  not 
permanent.  If  the  patient  is  seen  several  years  after  the  tattooage  the 
grains  of  charcoal  will  be  found  to  have  moved,  occupying  an  excentric 
position  or  even  invading  the  transparent  tissue. 

Keratoplasty. — In  cases  of  total  leucoma  with  good  perception  of  li°ht, 
the  transplantation  of  a piece  of  the  cornea  of  a lower  animal  into  a 
bed  in  the  eye  of  a human  being  has  been  practiced.  The  operation  dates 
from  the  time  of  Reisinger  (1828),  and  has  claimed  the  attention  of  many 
able  surgeons.  Von  Hippel,  who  has  devised  a trephine  for  the  rapid  and 
accurate  execution  of  the  operation,  has  met  with  some  encouraging  results, 
some  of  his  patients  having  been  able  to  see  through  the  transplanted  tissue 
for  many  months.  He  uses  a button  from  a rabbit’s  cornea  for  transpl  anta- 
tion.  The  insertion  of  an  artificial  cornea,  or  rather  the  insertion  of  a 
piece  of  glass  into  the  cornea,  was  practiced  by  Nussbaum  (1856).  While 
immediately  successful,  the  end  was  a failure. 

In  recent  years  Fuchs,  who  possesses  an  abundance  of  clinical  material, 
has  often  successfully  transplanted  a piece  of  the  human  cornea,  using  for 
this  purpose  the  immediately  enucleated  eye  of  another  patient.  This,  of 
course,  can  be  done  only  under  favorable  surroundings,  in  large  clinics  and 
under  strict  adherence  to  rules  of  asepsis.  Tire  ej  e from  which  the  disc 
is  to  be  taken,  and  that  into  which  it  is  be  inserted,  must  be  made 
surgically  clean.  Two  surgeons  then  work  simultaneously.  While  the  one 
is  removing  a disc  from  the  leucomatous  eye  the  other  is  enucleating  the 
eye  of  the  patient  who  furnishes  the  graftive  material.  It  is  necessary  to 
avoid  Opening  Descemet’s  membrane.  If  this  occurs,  aqueous  humor  will 
come  in  contact  with  the  graft  and  the  result  will  be  a failure. 


CHAPTER  IX 


DISEASES  OF  THE  SCLERA. 

CONGENITAL  ANOMALIES. 

These  include  melanosis,  tumors,  and  certain  staphylomas.  Con - 
genital  pigmentation  of  the  sclera  (melanosis  sclera)  presents  either  small 
spots  or  diffuse  areas  of  discoloration.  Generally  there  are  similar  condi- 
tions in  the  iris  and  chorioid.  It  is  around  the  openings  for  the  passage 
of  the  anterior  ciliary  veins  and  about  the  optic-nerve  entrance  that  branch- 
ing pigment-cells  are  found.  Acquired  pigmentation  occurs  in  some  cases 
of  Addison’s  disease. 

TUMORS  OF  THE  SCLERA. 

Tumors  of  the  sclera  are  of  rare  occurrence.  Serous  cysts  have  been 
recorded  by  Rogman  and  Hasner.  The  origin  of  such  tumors  is  in  doubt. 
Some  authorities  hold  that  they  are  dilations  of  the  canal  of  Schlemm. 
Others  state  that  they  are  due  to  a congenital  fistula  from  the  anterior  cham- 
ber into  the  sclerotic,  which  permits  the  aqueous  humor  to  pass  between  the 
lamellae  of  the  sclera.  Some  authors  attribute  them  to  encysted  chorioidd 
exudates  producing  small  staphylomata  of  the  sclera.  The  diagnosis  may 
present  difficulties.  In  Rogman’s  case  the  tumor  collapsed  on  puncture 
without  change  in  the  anterior  chamber.  Among  the  solid  tumors  a libroma 
was  described  by  Saemisch  and  an  osteoma  by  Watson.  Malherbe  reported 
a tuberculous  tumor  of  the  sclera.  Quaglino  described  a case  l*  ,elangiec- 
tasis  of  the  sclera.  Of  137  malignant  tumors  of  the  extericr  cf  the  eyeball, 
Noyes  found  that  20  arose  from  the  sclera  and  31  from  ihe  corneoscleral 
junction.  The  proper  treatment  of  scleral  tumors  is  excision. 


INFLAMMATIONS  OF  TI  E SClERA. 

Affections  of  the  sclera  belong  to  the  class  of  uncommon  ophthalmic 
diseases.  The  sclera  is  slow  to  take  in  inflammation,  and,  when  once 
scleritis  is  inaugurated,  recovery  is  smw,  as  might  be  expected  from  such 
a structure.  Scleritis  may  be  superficial  or  deep,  acute  or  chronic,  diffuse 
or  circumscribed.  Of  the  inflammations  affecting  this  part,  the  most  com- 
mon is  that  known  as  episcleritis,  in  which  the  pathologic  process  involves 
the  loose  tissue  over  the  sc  hr  : ' and  possibly  the  superficial  scleral  layers  also. 

Episcleritis  (Superficial  Scleritis)  is  a localized  inflammation  which 
produces  an  exudate  mto  the  episcleral  tissue.  The  exudation  causes  a 
protuberance,  which  is  usually  rounded  or  flat  and  is  situated  at  a distance 
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of  several  millimetres  from  the  cornea.  The  mass  is  attached  to  the  sclera, 
and  the  conjunctiva  can  be  moved  over  it.  Two  kinds  of  injection  are 
visible  in  a case  of  episcleritis:  a superficial  hyperemia  of  the  conjunctiva 
and  a deeply  placed  violet-colored  injection  from  the  episcleral  vessels 
(Fig.  6,  Plate  X).  The  eye  is  red  only  in  the  neighborhood  of  the  nodule, 
which  is  hard  and,  if  it  enmeshes  one  of  the  ciliary  nerves,  is  acutely  sensi- 
tive to  the  touch.  The  subjective  symptoms  in  episcleritis  may  be  mild  or 
severe,  but  the  course  of  the  disease  is  subacute  or  chronic.  In  some  cases 
photophobia,  lacrimation,  and  a dull,  heavy  pain  are  symptoms.  After  sev- 
eral weeks  the  affection  usually  disappears,  the  nodule  is  absorbed,  and  either 
no  trace  is  left  or  a slate-colored  patch  remains  to  mark  the  site.  In  some 
cases  other  nodules  form  until  the  entire  circumcorneal  zone  is  involved.  A 
characteristic  feature  of  the  disease  is  the  tendency  to  recurrence,  either  in 
the  old  site  or  elsewhere.  The  process  may  persist  for  morphs  or  even  years. 
The  inflamed  patch  frequently  resembles  phlyctenular  conjunctivitis,  with 
which  it  may  be  confounded.  Although,  as  a rule,  the  cornea  is  unaffected 
in  episcleritis,  if  the  nodule  is  located  near  the  cornea,  an  infiltration  01  the 
latter  may  occur  during  the  height  of  the  disease.  Iritis  is  rarely  a compli- 
cation. Both  eyes  may  be  involved  in  episcleritis. 

Etiology. — The  etiology  of  episcleritis  is  somewhat  obscure,  although 
it  undoubtedly  can  be  attributed  to  gout  or  rheumatism  in  some  cases. 
Exposure  to  cold,  menstrual  derangement,  and  scrofula  a^e  supposed  causes. 
Syphilis  and  tuberculosis  are  rarely  etiologic  factors. 

Pathology. — In  episcleritis  the  conjunctiva,  the  episcleral  tissue,  and 
the  superficial  scleral  layers  are  involved.  The  conjunctiva  is  hvperemic 
and  the  episcleral  tissue  is  edematous.  The  superficial  scleral  layers  show 
abundant  fibrinous  and  cellular  infiltration,  with  dilation  of  lymph- vessels 
and  blood-vessels.  The  walls  of  the  vessQls  are  generally  thinner  than  nor- 
mal and  are  surrounded  by  an  area  of  cellular  infiltration.  Hemorrhages 
may  be  present  or  absent.  The  inflammatory  products  do  not  tend  to  dis- 
integration; they  disappear  by  resorption.  There  is  not  a clearly  defined 
line  of  demarcation  between  episcleritis  and  scleritis,  transition  forms 
existing. 

Diagnosis. — In  fully  developed  cases  there  can  be  little  difficulty  in 
the  diagnosis.  Episcleritis  may  be  mistaken  for  phlyctenular  conjunc- 
tivitis. In  the  litter  affection  there  is  present  a denuded  area  of  a whitish- 
yellow  color,  nru  the  whole  inflamed  patch  is  movable  with  the  conjunctiva. 

Darier  sretes  that  the  diagnosis  of  episcleritis  from  conjunctivitis  is 
facilitate!  by  the  use  of  adrenalin,  which  produces  marked  anemia  of  all  the 
conjunctival  tissue,  but  leaves  a hyperemic  spot  at  the  level  of  the  episcleral 
infiam  nation. 

Prognosis. — Episcleritis  generally  lasts  one  or  two  months,  but  may 
continue  longer.  Becurrences  are  not  infrequent.  In  general,  the  prog- 
nosis is  favorable;  exceptionally  the  deeper  layers  will  be  involved,  leading 
to  ectasiae. 
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Treatment. — In  the  treatment  of  episcleritis  it  is  necessary  to  attend 
to  the  general  health.  Gastric  and  uterine  disorders  should  receive  appro- 
priate treatment.  Salicylate  of  sodium,  aspirin,  and  colchicum  are  valuable 
remedies  for  internal  use.  Pilocarpin  by  the  mouth  or  hypodermically  will 
often  produce  an  amelioration  of  the  symptoms.  Massage,  heat  applied  by 
the  Japanese  hot  box,  and  the  subconjunctival  injection  of  a solution  of 
bichlorid  of  mercury  (1  to  3000)  are  valuable  therapeutic  measures.  Ad- 
renalin, applied  three  or  four  times  daily,  is  of  value.  After  each  applica- 
tion gentle  and  prolonged  rotary  massage  with  mercurial  lanolin  is  to  be 
practiced  (Darier).  Injections  of  salicylate  of  sodium  (2  per  cent.),  of  cin- 


Fig.  248.— Deep  scleritis.  (Author.) 

(Photomicrograph  by  Dr.  II-  P.  Wells.) 

1,  2,  Superficial  infiltration.  3,  Area  of  deep  infiltration  i,  CO!ary  muscle. 

namate  of  sodium  (hetol),  or  of  salt  solution  have  been  recommended.  As- 
tringent metals  and  caustics  should  not  be  used.  If  the  cornea  is  involved, 
atropin  should  be  applied,  but  with  due  camion  in  elderly  persons.  In 
rebellious  cases  the  inflamed  patch  may  excised,  or  scarification  or  curet- 
tage may  be  tried.  Eeuss  advises  the  use  of  the  constant  electric  current, 
applying  a small  electrode  to  tie  nudule.  Attention  should  be  given  to 
the  state  of  the  refraction  a'^a  of  die  muscle-balance. 

Fugacious  Episcleritis  (Episcleritis  Partialis  Fugax;  “Hot  Eye”)  is 
a form  of  sudden  transient  hyperemia  of  the  episcleral  tissue  and  overlying 
conjunctiva.  It  last,  for  a few  days  and  reappears  at  intervals  varying 
from  a few  weeks  to  several  months.  There  is  pain,  photophobia,  and 
lacrimation?  but  vision  is  unaffected.  The  disease  occurs  chiefly  in  adults 
of  a rheumatic  or  gouty  diathesis,  but  children  are  not  exempt.  The 
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affection  is  supposed  to  be  identical  with  that  described  in  1893  by  Dr. 
Burnett,  of  Washington,  as  "a  vasomotor  dilation  of  the  vessels.” 

The  name  “hot  eye”  was  given  to  the  disease  by  Hutchinson.  The 
treatment  is  the  same  as  that  outlined  above  for  episcleritis. 

Scleritis  (Deep  Scleritis)  is  a much  less  frequent  disease  than  epi- 
scleritis. It  is  a much  more  obscure  disease,  and  in  the  early  stages  can 
be  recognized  with  difficulty,  since,  in  the  absence  of  a microscopic  section, 
it  is  impossible  to  say  how  deeply  an  episcleral  inflammation  has  extended. 
Early  in  its  history  the  presence  of  scleritis  is  to  be  inferred  from  the 
existence  of  complications,  such  as  iritis,  chorioiditis,  and  sclerosing  kera- 
titis. Scleritis  may  be  acute  or  chronic,  diffuse  or  circumscribed,  anterior 
or  posterior.  As  an  example  of  the  acute  type,  mention  may  be  made  of 
the  inflammatory  thickening  of  the  sclera  which  occurs  in  orbital  cellulitis 
and  panophthalmitis  (Fig.  291).  The  posterior  scleritis  which  is  found  in 
myopia  involves  the  chorioid,  and  is  called  posterior  sclerochorioiditis  (see 
chapter  on  the  chorioid).  As  a result  of  inflammation,  the  sclera  becomes 
softened.  The  normal  or  increased  intra-ocular  tension  causes  the  mem- 
brane to  bulge  (ectasia  of  the  sclera).  Scleritis  tends  to  extend  until  the 
entire  cornea  has  been  circumscribed  (Fig.  249). 

Early  in  its  history  scleritis  presents  a diffuse  or  circumscribed  area 
of  bluish-red  or  violaceous  injection,  situated  in  the  cilia—  region.  Pain 
and  lacrimation  are  prominent  symptoms.  The  inflan  ed  tissue  resembles 
the  patch  of  episcleritis,  but  is  less  sharply  defined.  When  the  acute  process 
has  subsided,  the  circumcorneal  zone  will  appea  oi  a violet  color,  resem- 
bling porcelain ; if  the  sclera  is  much  thinned,  the  aifected  area  will  be  of 
a bluish  tint,  which  is  given  to  it  by  the  subjacent  chorioid  and  ciliary 
body.  Deep  scleritis  generally  involves  bote  eyes,  and  presents  important 
complications  (iritis,  cyclitis,  keratitis)  which  seriously  impair  vision. 

Sclerosing  Keratitis.— In  this  affection,  which  is  an  accompanying 
symptom  of  scleritis,  the  corneal  limbus  is  invaded  by  a dense  opacity  which 
creeps  over  it.  Apparently  the  sclera  has  pushed  its  way  into  the  cornea. 
The  opacity  may  appear  as  i semicircle  or  circle,  but  frequently  it  is  an 
irregular  patch  with  prolongations.  Its  base  is  directed  toward  the  in- 
flamed sclera.  The  disease  may  be  unilateral  or  bilateral.  Iritis  or  cyclitis 
may  be  present  or  absent.  The  corneal  opacity,  which  at  first  is  grayish 
or  yellowish,  may  be  thick  and  permanent,  or  it  may  be  partly  clear.  ° Early 
in  the  disease  tension  may  be  increased ; later  on,  when  cyclitis,  hyalitis, 
hemorrhage:,  and  vitreous  opacities  ensue,  the  tension  will  be  subnormal 
Like  the  ccleritis  which  causes  it,  sclerosing  keratitis  may  often  recur.  In 
some  cases  the  entire  cornea,  with  the  exception  of  a small  pupillary  area, 
becorreb  opaque. 

Sclerolcerato-iritis  is  the  term  applied  to  a complicated  disease  affecting 
tn->  structures  at  the  corneoscleral  junction.  It  also  is  known  as  scrofulous 
scleritis,  anterior  uveitis,  or  anterior  chorioiditis.  Eelapses  are  common 
and  the  disease  often  is  intractable.  It  begins  with  the  clinical  signs  of 
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an  anterior  scleritis;  soon  tlie  cornea  is  affected  and  may  go  on  to  ulcera- 
tion; the  iris  is  involved  and  posterior  synechiae  form.  Under  appropriate 
treatment  the  condition  improves,  but  relapses  often  occur.  Such  cases 
often  end  in  partial  or  total  loss  of  vision  from  cyclitis  and  hyalitis. 

Etiology. — Deep  scleritis  may  be  due  to  syphilis,  scrofula,  rheuma- 
tism, gout,  or  tuberculosis.  It  may  result  from  exposure  to  cold.  Gonor- 
rhea, when  associated  with  synovitis,  is  a cause.  Disorders  of  menstruation 
are  often  present  in  females  with  deep  scleritis.  Sclerosing  keratitis  is 
sometimes  found  in  adults  who  apparently  are  of  robust  constitution. 


Fig.  249. — Sclerosing  keratitis.  (Aftr.  Demours.) 

(Drawn  by  Dr.  R.  W.  Y ills.) 

Pathology. — In  the  few  unquestioned  cases  of  scleritis  which  have 
been  subjected  to  microscopic  examination,  a variety  of  changes  has  been 
found.  In  Baumgarten’s  case  the  scl»  ra  was  thickened,  measuring  four 
millimetres,  a condition  which  wLs  due  partly  to  an  infiltration  of  small, 
round  cells  between  the  sclerai  bandies,  partly  to  an  increase  in  the  number 
of  fibres.  In  a case  of  old  uveitis  and  scleritis  Kostenitsch  found  abundant 
round-cell  infiltration,  numerous  polynuclear  leucocytes,  and  small  hemor- 
rhages in  the  sclera,  a±.d  an  increase  in  the  number  of  scleral  cells  and  of 
blood-vessels.  Edema  and  discoloration  of  the  scleral  fibres  was  noted  by 
Schirmer.  As  r result  of  degenerative  changes  the  sclera  loses  its  resisting 
power.  Undei  such  circumstances  the  intra-ocular  pressure  may  lead  to 
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the  formation  of  ectasiae.  Atrophy  does  not  always  follow  scleritis.  The 
inflammation  may  result  in  proliferation,  a formation  of  new  tissue,  and 
thickening  of  the  membrane,  with  a formation  of  new  blood-vessels.  Since 
these  changes  are  limited  to  that  part  of  the  sclera  covering  the  ciliary 
body,  and  reach  their  greatest  intensity  at  the  points  where  the  ciliary  vessels 
pierce  the  sclerotic,  it  is  reasonable  to  agree  with  Greeff,  that  deep  scleritis 
is  a secondary  process,  a consequence  of  a circumscribed  uveitis  which  has 
extended  along  the  sheaths  of  the  vessels  in  the  sclera.  Gelatinous  infiltra- 
tion, purulent  inflammation,  and  ulceration  of  the  sclera  have  been  recorded. 

Ireatment. — The  treatment  of  deep  scleritis  includes  the  correction 
of  any  departure  from  health.  In  rheumatic  cases  the  administration  of 
salicylate  of  sodium,  or  aspirin,  colchicum,  salol,  the  alkalies,  iodid  of 
potassium,  or  of  caffein,  and  the  free  use  of  water  internally,  will  be 
appropriate  measures.  In  scrofulous  subjects  a course  of  codliver-oil,  with 
or  without  iodin  and  iron,  will  be  in  order.  A change  of  climate  will  often 
be  advisable.  If  tonics  are  indicated,  iron,  arsenic,  and  quinin  should  be 
given.  In  many  cases  diaphoresis  is  followed  by  improvement  '.^he 
syphilitic  cases  will  need  mercury,  which  is  a valuable  remedy  o^  general 
principles.  The  local  use  of  atropin  is  of  great  importance,  10c  only  to 
draw  the  iris  out  of  the  way  of  harm,  but  to  abolish  acconrro active  effort. 
If  the  tension  is  increased,  arecolin  should  replace  atropin  and  repeated 
paracentesis  of  the  anterior  chamber  must  be  resorted  'o,  one  or  two  drops 
of  aqueous  humor  being  evacuated  every  second  or  third  day.  The  local 
use  of  moist  or  dry  heat  will  be  valuable  to  relieve  pain.  In  some  cases 
it  will  be  necessary  to  give  the  patient  a solution  of  nolocain  or  of  dionin  to 
use  whenever  the  pain  is  severe.  When  inflammation  has  subsided  and  has 
left  the  sclera  weakened,  the  prolonged  use  of  a mild  miotic,  combined  with 
massage  of  the  eye  with  a bland  mercurial  ointment,  will  serve  to  promote 
the  absorption  of  the  interfibrillary  deposits.  For  the  same  purpose,  thio- 
sinamin  (gr.  ii  or  iij,  three  times  a day),  given  in  capsules,  may  be  of  value. 

PROTRUSIONS  OF  THE  SCLERA. 

Ectasiae  of  the  Sclera  (Scleral  Staphylomata)  are  classified  as  anterior, 
posterior,  and  equatorial.  Anterior  scleral  and  equatorial  staphylomata 
appear  as  bluish-black  or  grayish  projections.  Their  color  is  due  to  the 
thinned  scTer  t permitting  the  dark  chorioid  to  appear.  In  anterior  ectasiae 
the  limbus  of  the  cornea  forms  the  anterior  border  of  the  projection;  in 
some  cas^s  both  cornea  and  sclera  participate  in  the  bulging.  Anatomic 
examination  of  enucleated  eyes  shows  two  forms  of  anterior  scleral  ectasise, 
the  ciliary  and  the  intercalary.  The  former  shows  a bulging  of  that  part 
of  tne  sclera  which  is  lined  by  the  ciliary  body,  while  the  latter  is  a pro- 
trusion between  the  ciliary  body  and  the  corneal  margin. 

Equatorial  ectasias  can  be  seen  only  when  the  eye  is  turned  strongly 
to  the  side  opposite  the  projection.  Ectasiae  occur  at  one  or  more  places, 
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where  the  venae  vorticosae  pass  from  the  globe,  but  are  said  not  to  form  a ring 
such  as  sometimes  occurs  in  anterior  staphyloma.  They  are  the  result  of 
chronic  chorioidoscleritis.  On  microscopic  examination  the  chorioid  and 
sclera  are  found  atrophic  and  adherent. 

The  posterior  ectasiae  involve  the  posterior  segment  of  the  globe.  They 
cannot  be  seen  except  the  eye  be  removed  or  the  ophthalmoscope  be  used. 
These  posterior  projections  are  divided  into  (1)  the  posterior  staphyloma  of 
Scarpa  and  (2)  the  posterior  staphyloma  of  von  Ammon.  The  former  is 
a protrusion  situated  at  the  temporal  side  of  the  optic-nerve  entrance.  If 
large,  it  involves  the  nerve  itself.  Arlt  discovered  that  this  form  of  ectasia 
is  frequently  the  cause  of  myopia  (axial  myopia).  The  antero-posterior 
diameter  of  the  globe  is  elongated,  and  the  fundus  shows  a white  crescentic 
patch  embracing  the  temporal  side  of  the  disc.  The  posterior  scleral  pro- 


Fig.  250. — Equatorial  ectasise  of  the 
sclera.  (After  von  Ammon.) 


Fig.  251. — Cirsoid  ciliary  staphyloma. 
(Vossius.) 


trusion  of  von  Ammon  lies  below  the  posterior  i>oie,  and  is  a congenital 
condition  which  arises  from  incomplete  closure  of  the  fetal  eye-cleft.  At 
the  present  day  it  is  best  known  by  the  name  inferior  conus.  Often  in  such 
cases  there  is  an  accompanying  coloborr.a,  of  the  chorioid  and  iris.  The 
conditions  described  above  are  partial  eccasiae.  It  is  now  necessary  to 
speak  of 

Total  Ectasia  of  the  Sclc^a  - -While  in  the  adult  the  sclera  is  rigid, 
and  gives  way  only  in  certain  weak  places,  in  the  young  subject  the  eyeball 
can  be  enlarged  in  every  direction.  Such  an  ectasia  of  the  sclera  is  often 
accompanied  by  an  enlarges  ent  of  the  whole  cornea  (megalocornea)  or  by  a 
corneal  staphyloma,  in  chis  connection  the  reader  should  refer  to  con- 
genital anomalies  the  cornea. 

The  causes  >f  ecieral  ectasia  include  those  factors  which  either  diminish 
the  resistance  o f tnis  coat  or  increase  intra-ocular  pressure.  Thus,  glaucoma 
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and  exclusion  of  the  pupil  by  iritis  belong  to  the  latter  class,  while  dimin- 
ished resistance  of  the  sclera  follows  scleritis,  tumors,  gummata,  tuber- 
cular nodules,  injuries,  and  the  congenital  condition  mentioned  above. 

The  results  of  scleral  ectasia  are  loss  of  vision  from  increase  of  tension, 
great  disfigurement  in  the  anterior  and  equatorial  forms,  and  constant  irri- 
tation from  exposure  of  the  protruding  mass  after  it  reaches  such  dimen- 
sions that  the  lids  cannot  cover  it.  The  posterior  protrusion  in  staphyloma 
often  leads  to  great  increase  in  the  near-sight  without  producing  increased 
tension.  Vision  is  often  much  reduced  in  these  cases.  The  ectasia  of  von 
Ammon  remains  stationary,  and,  since  it  is  situated  below  the  macular 
region,  it  does  not  impair  vision. 

Treatment. — Anterior  and  equatorial  ectasige  of  the  sclera  should  be 
treated  by  iridectomy,  for  the  purpose  of  reducing  tension.  If  this  is  accom- 
plished, the  process  stops.  If  iridectomy  cannot  be  performed,  the  eye  is 
to  be  left  to  its  fate,  and  ultimately  an  enucleation  will  often  become  neces- 


Fig.  252. — Posterior  staphyloma  of  Fig.  253.  — Ciliary  staphyloma.  (Pagen- 

Scarpa.  bTE^uER  and  Genth.) 

sary.  The  treatment  of  the  posterior  staphyloma  of  Scarpa  is  discussed 
under  the  head  of  “Chorioiditis.” 


INJURIES  0^  ^ HE  SCLERA. 

The  sclera  may  be  bruised,  burned,  or  cut.  Bruises  result  from  con- 
tusions, compression,  o*  concession,  and  necessarily  concern  the  other  tunics. 
The  sclera  may  be  ruptured  as  the  result  of  the  direct  or  indirect  applica- 
tion of  violent  for^p  (Fig.  6,  Plate  XII).  The  line  of  rupture  is  gen- 
erally placed  concentrically  with  the  cornea,  at  a distance  of  two  or  three 
millimetres  from  the  limbus,  and  is  frequently  situated  above  the  horizontal 
meridian  (^xaun).  The  length  of  the  rupture  varies  from  three  to  twelve 
millimetres.  Wounds  of  the  sclera  may  be  divided  into  (1)  those  without 
and  '2)  lliose  with  the  lodgment  of  a foreign  body  within  the  eye. 

Wounds  of  the  sclera  without  the  lodgment  of  a foreign  body  may  be 
incised,  contused,  or  punctured.  They  may  be  clean  cuts  or  lacerations, 
and  are  caused  by  a variety  of  agents,  varying  from  a blow  by  the  fist  to 
cuts  by  knives,  pieces  of  broken  glass,  birdshot,  or  chips  of  metal.  They  are 
always  serious  by  reason  of  the  injury  done  to  other  parts, — such  as  the 
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ciliary  body,  chorioid,  and  retina, — and  because  of  the  danger  of  infection. 
Often  the  vitreous  protrudes  from  the  wound,  or  the  lens  and  a large  part 
of  the  vitreous  humor  will  be  lost.  The  sclera  may  be  ruptured  by  blunt 
instruments  while  the  conjunctiva  is  intact  over  it,  but  such  injuries  are 
rare.  Usually  a scleral  wound  is  easily  recognized,  and  presents  a portion 
of  the  iris,  ciliary  body,  chorioid,  or  vitreous  as  a hernial  protrusion.  The 
vitreous  will  be  filled  with  blood  if  the  wound  is  situated  posteriorly ; if  far 
forward,  there  will  be  hemorrhage  into  the  anterior  chamber.  Small  scleral 
wounds  may  be  covered  by  a subconjunctival  hemorrhage,  in  which  case 
reduced  tension  will  be  a valuable  diagnostic  sign.  Clean  cuts  of  the  sclera 
and  some  lacerated  wounds,  with  incarcerations  of  part  of  the  uveal  tunic, 
often  heal  with  surprisingly  little  reaction,  and  the  same  result  may  occur 
after  loss  of  considerable  vitreous  and  the  lens.  In  favorable  cases  healing 
occurs  in  four  or  five  weeks. 

Rupture  of  Sciilemm's  Canal  often  occurs  after  a contusion  of  the 
limbus  by  a blunt  body,  and  follows  incomplete  rupture  of  the  ocular  cap- 
sule. Under  such  circumstances,  blood  escapes  from  the  canal  and  forms 
a coagulum  at  the  periphery  of  the  anterior  chamber.  The  injury  is  fol- 
lowed by  the  appearance  of  diffuse  corneal  opacity  and  of  opaque  lines  which 
radiate  from  the  limbus.  The  patient  complains  of  a feeling  of  pressure 
and  of  a red  cloud  before  the  eye.  If  the  injury  is  limited  to  the  rupture 
of  the  walls  of  Schlemm’s  canal,  the  prognosis  will  be  favorable. 

Treatment. — Large  tears  in  the  sclera,  with  loss  of  most  of  the  vitreous 
humor,  and  extensive  damage  to  the  chorioid  and  retina,  will  call  for  immc 
diate  enucleation  or  the  performance  of  Mules’s  operation.  In  case  the  eye  1: 
less  severely  injured  and  some  vision  remains,  the  surgeon  should  attempt 
to  save  the  organ.  To  this  end  a general  or  local  anesthetic  is  used;  the 
eye  is  carefully  washed  in  a weak  bichlorid  or  normal  salt  solution;  pro- 
truding pieces  of  vitreous,  iris,  or  chorioid  are  excised;  and  the  lips  of  the 
scleral  wound  are  united  with  sterile  catgut  sutures.  In  cderal  ruptures 
concentric  with  the  cornea  Nuel’s  method  (Fig.  254)  of  stitching  will  be 
useful.  A thread  armed  with  two  needles  is  passed  beneath  the  conjunctiva 
near  the  equator  and  is  made  to  encircle  the  o^naa.  When  tied,  it  causes 
the  lips  of  the  scleral  wound  to  approximate.  A ropin  is  then  instilled,  a 
bandage  is  applied,  and  the  patient  is  confined  to  bed.  If  infection  occurs, 
the  case  will  probably  require  enucleation;  if  infection  does  not  occur, 
useful  vision  may  be  saved.  Intra-ocuiar  tension  may  rise  after  the  closure 
of  a scleral  wound,  thus  causing  secondary  glaucoma  or  staphyloma.  The 
eye  may  shrink,  become  tende~  on  pressure,  and  be  a cause  of  sympathetic 
ophthalmitis.  It  is  justifiable  tc  attempt  for  two  weeks  to  save  a severely 
injured  eye,  since  sympathetic  inflammation  will  not-  occur  within  that 
period,  and  at  the  end  of  tan  days  the  intelligent  surgeon  will  be  able  to 
foretell  the  fate  of  the  eye.  Exploration  of  a scleral  wound  with  a probe 
passed  into  the  vitreous  body  is  dangerous,  because  of  the  liability  of  intro- 
ducing pathogem  a germs. 
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In  some  cases  of  beginning  infection  the  eyeball  can  be  saved  by  a 
series  of  procedures  which  includes  the  destruction  by  fire  of  the  focus  of 
infection.  Suppose,  for  example,  a corneoscleral  wound  has  been  received, 
the  lens  and  iris  have  been  injured,  the  instrument  causing  the  wound  has 
been  removed  ( i.e .,  there  is  not  a foreign  body  in  the  eye),  but  there  is 
beginning  infection  of  the  wound  and  of  the  anterior  portion  of  the  vitreous 
body.  In  such  a case  the  patient  should  be  anesthetized,  a large  corneal 
incision  should  be  made,  and  this  should  be  followed  by  a large  iridectomy, 
and  by  delivery  of  the  lens.  Then  the  foci  of  infection  should  be  destroyed 
with  the  electric  cautery,  iodoform  should  be  placed  within  the  globe,  and 
a compress  bandage  should  be  applied.  In  many  instances  this  heroic  treat- 
ment will  save  the  eyeball,  although  vision  will  generally  be  lost. 

Foreign  Bodies  in  the  Sclera  are  not  often  seen,  since  such  sub- 
stances are  generally  propelled  with  force  sufficient  to  cause  them  to  enter 
the  vitreous  chamber.  However,  pieces  of  iron,  steel,  glass,  stone,  per- 
cussion-caps, grains  of  gunpowder,  etc.,  sometimes  lodge  in  the  sclera.  If 
not  visible,  their  location  can  often  be  determined  by  x-ray  localization. 


Fig.  254. — Stitch  for  scleral  rupture.  (After  Nuel.) 


In  case  the  suspected  foreign  body  is  ^rjn  or  steel,  the  sideroscope  may  be 
useful  in  diagnosis,  or  the  Haab  rncgnet  can  be  used.  The  latter  localizes 
the  foreign  body  by  the  pair  which  follows  its  application. 

Foreign  Bodies  in  t h r Byeball. — If  an  eye  has  been  injured,  the 
surgeon  should  try  to  determine  whether  the  missile  has  lodged  within  the 
globe.  The  history  of  the  case,  the  statements  of  witnesses,  and  the  appear- 
ance of  the  wourdiog  substance  (if  large)  may  aid  in  solving  the  question. 
A foreign  body  may  pass  through  the  globe  and  lodge  in  the  orbit,  or  it 
may  rest  in  any  of  the  ocular  structures,  the  vitreous  chamber  being  a 
favorite  location.  If  the  body  is  loose,  its  tendency  is  to  sink  to  the  lower 
and  anterior  part  of  the  vitreous  chamber,  adjacent  to  the  ciliary  body. 
While  foieign  substances  may  remain  within  an  eye  for  long  periods  with- 
out exiting  inflammation,  such  a state  of  affairs  is  highly  dangerous. 
Ow'ng  to  its  location,  to  the  hemorrhage  resulting  from  the  injury,  to  the 
opacity  of  the  lens,  or  to  the  presence  of  inflammatory  products  around  the 
missile,  it  rarely  happens  that  the  foreign  body  is  visible  to  ophthalmoscopic 
examination.  Consequently  its  presence  can  be  determined  only  by  an 
x-ray  examination;  or,  if  the  substance  be  iron  or  steel,  by  the  use  of  a 
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giant  magnet.  It  is  only  in  the  case  of  minute  splinters,  one  millimetre 
or  less  in  diameter,  that  the  x-ray  examination  may  fail  to  detect  a foreign 
body.  Naturally  the  method  employed  for  the  removal  of  an  extraneous 
substance  will  be  determined  by  its  nature. 

Magnetic  Foreign  Bodies.+-li  the  injury  has  been  inflicted  by  a piece 
of  iron  or  steel,  which  is  supposed  to  have  lodged  in  the  eye,  the  patient 
should  be  subjected  to  the  influence  of  a Haab  giant  electromagnet  at  the 
earliest  possible  moment.  The  instrument  should  be  provided  with  a rheo- 
stat. The  patient  being  seated  or  lying  on  a table,  the  eye  is  anesthetized 
with  cocain  or  holocain  and  the  tip  of  the  magnet  is  applied  to  the  eye  before 
the  current  is  turned  on.  If  the  metal  has  entered  the  eye  behind  the  lens, 
the  tip  of  the  magnet  is  to  be  applied  to  the  enlarged  wound  of  entrance. 
If  the  original  wound  is  too  small  to  be  seen,  a scleral  opening  is  to  be  made 
with  a von  Graefe  cataract-knife,  the  incision  being  made  between  two  of  the 
recti  muscles.  If  the  lens  is  clear,  the  magnet  is  to  be  applied  to  the  ciliary 
region  and  later  to  the  cornea.  By  this  method  it  is  possible  to  draw  a 
foreign  body  around  the  periphery  of  the  lens..  The  presence  of  the  foreign 
body  behind  the  iris  will  be  indicated  by  pain  and  by  bulging  of  the  iris. 
The  piece  of  metal  is  then  to  be  drawn  into  the  anterior  chamber,  from 
which  it  can  be  readily  extracted  through  a corneal  opening.  If  the  lens 
is  opaque,  the  magnet  is  to  be  applied  to  the  centre  of  the  cornea. 

If  the  use  of  the  giant  magnet  fails  to  detect  the  metal,  an  x-ray 
picture  should  be  made.  The  location  and  size  of  the  foreign  body  having 
been  determined,  if  the  substance  is  magnetizable,  the  surgeon  can  choose 
between  two  methods,  viz.:  (1)  he  can  make  a scleral  incision  over  o’  ntn 
to  the  site  of  the  foreign  body  and  then  introduce  the  tip  of  a Hirschb^rg, 
Lippincott,  Johnson,  or  Sweet  hand-magnet;  or  (2)  he  can  ^rlng  the 
front  of  the  patient’s  eye  close  to  a giant  magnet,  using  this  instrument 
to  draw  the  foreign  body  forward  through  the  vitreous  body,  past  the  zonula 
of  Zinn,  and  thence  through  the  posterior  into  the  anterior  chamber,  from 
which  it  is  to  be  removed  through  a corneal  section.  The  first  of  these 
procedures  will  be  done  under  general  anesthesia  : the  second  should  be 
accomplished  under  the  influence  of  cocain  or  holocain,  since  the  patient’s 
co-operation  is  necessary  to  its  success.  It  is  not  yet  time  to  decide  which 
is  the  better  method.  Since  few  cases  cum r in  which  a foreign  body, 
located  in  the  vitreous  chamber,  is  visible  sphthalmoscopically,  the  giant 
magnet  will  be  the  better,  in  the  absence  of  a sciagraphic  examination. 
The  sensation  of  pain,  which  follows  when  the  tip  of  the  giant  magnet 
approaches  the  location  of  the  foreign  body,  is  of  diagnostic  value.  The 
hand-magnet  possesses  important  advantages  over  the  giant  instrument  in 
that  it  is  portable  and  comparatively  inexpensive. 

Sweet  states  that  the  Tontgen  rays  offer  the  most  certain  method  of 
locating  intra-ocular  Io~eign  bodies,  and  he  favors  the  use  of  this  method 
of  examination  be'ovc  resorting  to  the  use  of  a magnet.  On  the  other  hand, 
Fisher  believes  that  in  every  case  of  suspected  foreign  body  (iron  or  steel) 
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within  the  eye,  the  patient  should  be  immediately  subjected  to  the  magnet 
test.  The  giant  magnet  will  often  aid  the  diagnosis  in  two  ways:  (1)  by 
pain,  which  is  caused  by  the  movement  of  the  foreign  body;  and  (2)  by 
the  bulging  of  the  iris,  which  occurs  when  a foreign  body  has  been  drawn 
forward  through  the  vitreous  humor  and  around  the  lens  and  impinges  on 
the  posterior  surface  of  the  iris.  The  early  use  of  the  magnet  may  lessen 
the  danger  of  infection.  The  earlier  the  magnet  is  used,  the  better  will  be 
the  prognosis.  If  a speculum  and  fixation  forceps  are  required  during  the 
operation,  they  should  be  non-magnetic : i.e made  of  brass  or  aluminum. 
In  applying  the  giant  magnet  the  current  is  to  be  turned  on  gradually  until 
the  full  force  is  obtained.  If  the  foreign  body  does  not  appear,  the  current 
is  to  be  turned  off  and  reapplied  with  the  tip  of  the  magnet  in  a new  posi- 
tion. If  a foreign  body  of  large  size  lies  horizontally  in  the  vitreous  humor, 
it  will  approach  the  magnet  lengthwise,  thus  obviating  the  danger  of  tear- 
ing the  internal  ocular  structures. 


Fig.  Giant  magnet. 


Results  of  Magnet  Operations . — While  it  is  impossible  to  furnish  data 
regarding  the  use  of  the  hand-magnet,  since  many  unsuccessful  cases  have 
not  been  reported,  the  statistics  of  giant-magnet  operations  are  fairly  com- 
plete. Haab,  of  Zuricn,  and  Fisher,  of  Chicago,  have  recently  published 
their  results. 


Haab  s Statistics. 

Total  number  of  eyes 1C5 

Number  cf  failures 23 

Numbt.'  oc  eyes  from  which  splinters 

Wv  re  extracted 141 

N urn  i er  of  eyes  requiring  enuclea- 

tioD  39 

Number  of  sightless  eyes  preserved.  19 
Number  of  eyes  requiring  a cataract 
operation  (of  these,  51  recovered 
useful  vision) 71 


Fisher’s  Statistics. 

Total  number  of  cases 150 

Symptoms  of  metal  in  eye,  but  nega- 
tive result  with  magnet 49 

Metal  removed  97 

Metal  found  in  eyeball  after  enuclea- 
tion— “magnet  negative” 4 

RESULTS. 

Good  vision  96 

Sightless  eyes — “external  appearance 

good”  34 

Enucleations  20 
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Causes  of  Failure  mill  the  Giant  Magnet  are  mentioned  by  Haab  in 
these  words:  “Of  the  whole  number  of  165  cases  in  my  experience,  the 
operation  failed  only  23  times.  The  operation  was  successful  in  141  cases, 
or  in  86  per  cent.  If  we  consider  the  134  difficult  cases  in  which  the 
splinter  penetrated  behind  the  iris  and  the  lens,  we  find  that  in  these  134 
cases  the  large  magnet  failed  only  23  times  to  extract  the  splinter  from 
the  eye,  and  was  successful  in  111  cases,  or  83  per  cent.  These  failures 
were  due  to  the  following  circumstances : — 

“1.  The  foreign  body  was  seated  too  firmly  in  the  back  wall  of  the  globe 
or  had  pierced  it  completely. 

“2.  The  splinter  was  seated  in  the  ciliary  body  at  first  or  was  drawn 
there  by  mistake. 

“3.  The  splinter  had  produced  fibrino-purulent  exudation,  which,  ac- 
cording to  my  experience,  greatly  hinders  its  movability. 

“4.  The  splinter  had  been  healed  over  in  the  course  of  months  or  years.” 

Removal  of  Non-magnetic  Substances. — These  foreign  bodies  can  be 
located  in  almost  all  cases  by  means  of  the  x-rays.  They  should  be  removed 
with  forceps  introduced  through  an  incision  in  the  most  available  part  of 
the  sclera. 

RARE  SCLERAL  DISEASES. 

Suppurative  Scleritis. — Ulceration  and  suppuration  of  the  sclera  are 
extremely  rare  processes.  Abscess  of  the  sclera  probably  does  not  occur  as 
a primary  affection. 

Metastatic  Abscess  of  the  Episclera. — This  rare  condition  has  followed 
furunculosis,  epidemic  meningitis,  carbuncle,  and  pyemia. 

Syphilis  of  the  Sclera  occurs  in  the  form  of  gumma ta,  of  wl  ich  cUout 
a dozen  examples  have  been  recorded. 

Tubercle. — The  sclera  is  ofen  involved  in  tuberculosis  oi  the  uveal 
tract.  It  is  doubtful  whether  primary  tuberculosis  of  tie  sclera  exists 
(Parsons) . 

Leprosy. — Episcleral  nodules  occur  in  leprosy,  invasion  of  the  sclera 
occurs  slowly  along  the  perivascular  and  interlame  t Hi  lymph-spaces. 

Degenerations. — Hyalin  degeneration,  facty  degeneration,  calcification, 
and  ossification  are  of  rare  occurrence  in  the  sclera. 

Mycosis  of  the  Sclera. — Kollner  has  reported  a case  of  mycosis  of  the 
sclera  following  an  injury. 

Silver  Staining  of  the  Sclera  — -Uirschberg  has  described  the  case  of  an 
old  silver  polisher  whose  sclera,  were  of  a dark  grayish-blue  color — prob- 
ably from  the  lodgment  of  finn  particles  of  silver  dust. 

OF  -:kVTIONS  ON  THE  SCLERA. 

Most  of  the  operations  made  upon  the  sclera  are  undertaken  for  the 
relief  of  glaucoma.  They  will  be  described  in  Chapter  XVII. 


CHAPTER  X. 

DISEASES  OF  THE  IRIS. 


The  iris  is  subject  to  congenital  malformations,  tumors,  inflammations, 
functional  disturbances,  and  injuries. 


CONGENITAL  ANOMALIES. 

They  are  coloboma,  persistent  pupillary  membrane,  corectopia,  poly- 
coria,  anirida,  ectropion  of  the  uvea,  heterochromia,  albinism,  tumor,  at- 
rophy, and  adhesion  to  the  cornea. 

Coloboma  of  the  Iris  may  exist  alone,  but  generally  is  found  with  a 
like  condition  of  the  chorioid  or  ciliary  body.  In  most  cases  the  cokboma 


Fig.  256. — Congenital  coloboma  of  she  iris.  (Seggel.) 

is  below,  but  it  has  been  seen  outward  upward  and  outward,  and  upward 
and  inward.  When  the  cleft  is  spanned  by  a membrane,  the  condition  is 
called  bridge  coloboma.”  The  e\tent  and  shape  of  the  defect  are  subject 
to  great  variations.  Alone,  it  aoes  not  impair  vision,  but,  being  often  asso- 
ciated with  coloboma  the  chorioid  and  retina,  or  with  microphthalmos, 
or  with  coloboma  or  displacement  of  the  lens,  the  patient’s  vision  is  likely  to 
be  much  reduced.  The  cause  of  the  defect  is  not  known.  Lang  and  Col- 
lins say  that  it  is  not  due,  as  some  have  supposed,  to  an  unclosed  fetal  fissure 
of  the  iris,  sinre  this  structure  is  not  developed  in  two  sectors,  and  the  nor- 
mal fetal  iris  never  has  a cleft.  The  condition  is  not  amenable  to  treatment. 

Persistent  Pupillary  Membrane  is  the  most  frequent  of  the  anomalies 
of  the  iront  of  the  globe.  This  membrane,  formed  from  the  anterior  fibro- 
varcilar  sheath  of  the  lens,  in  man  should  disappear  before  birth.  If  a 
oo  it  ion  remains,  the  condition  named  is  the  result.  This  anomaly  is  present 
in  about  1 per  cent,  of  cases.  The  persistent  membrane  varies  in  color, 
extent,  and  relationships.  The  commonest  form  is  a single  fine  thread, 
passing  from  the  front  of  the  lens  to  an  attachment  on  the  anterior  face 
(374) 
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of  the  iris  near  its  inner  circle.  There  may  be  several  attachments  simu- 
lating iritic  adhesions.  The  fact  that  they  arise  from  the  front  of  the  iris, 
which  can  be  determined  by  oblique  illumination,  serves  to  distinguish  them 
from  posterior  synechiae.  The  normal  action  of  the  iris  is  not  interfered 


Fig.  257.— Persistent  pupillary  fibres,  forming  loops.  (De  Beck.) 

with  by  these  congenital  tags.  The  condition  is  much  more  often  unilateral 
than  bilateral. 

Corectopia  is  an  abnormal  position  of  the  pupil.  Often  the  pupil  is 
found  slightly  excentric,  but  marked  displacement  is  very  rare  and  is  usu- 


Fig.  258. — Forms  of  persistent  pupillary  membrane.  (De  Beck.) 

ally  an  accompaniment  of  ectopia  lentis.  The  displaced  pupil  is  often 
small,  irregularly  circular  or  slit-shaped,  and  inactive.  It  may  L*  associated 
with  the  presence  of  granular  opacity  and  blood-vessels  on  the  lens,  as  in 
the  case  reported  by  de  Beck  (Fig.  259). 


Fig.  259. — Forms  of  corectopia.  (De  Beck.) 

The  figure  at  the  left  show^  granular  opacity  and  blood-vessels  on  the  lens. 

Polycoria  does  not  exist  :n  the  sense  of  two  or  more  pupils,  each  pro- 
vided with  a sphincter,  bur  the  term  is  applied  to  supernumerary  openings 
in  the  iris.  They  art  tc  be  explained  as  gaps  occurring  from  some  cause 
during  the  development  of  the  eye.  Not  infrequently,  in  coloboma  of  the 
iris,  a band  of  tissues  will  be  found  stretching  across  the  opening,  dividing 
the  pupil  into  two  parts. 
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Aniridia.— Cases  supposed  to  present  complete  absence  of  the  iris  are 
occasionally  seen.  The  pupil  is  all  black  by  daylight  and  all  red  to  the 
ophthalmoscope.  Clinically  there  is  absence  of  the  iris,  but  dissection  and 
microscopic  study  of  such  eyes  generally  show  the  presence  of  the  remains 
of  a rudimentary  iris.  The  condition  is  generally  bilateral,  and  is  asso- 
ciated with  other  congenital  anomalies.  When  aniridia  is  complete,  the 
entire  lens  can  be  seen ; when  incomplete,  the  iris  is  absent  at  certain  points 
and  only  segments  of  the  lens  are  visible.  Aniridic  eyes  are  particularly 
prone  to  the  development  of  cataract.  Vision  is  often  much  reduced  by 
dazzling.  The  wearing  of  dark  glasses  is  advisable. 

Heterochromia  is  present  when  one  iris  presents  from  infancy  a color 
different  from  that  of  the  other.  It  may  be  symmetrical,  or  one  part  of 
the  iris  may  be  markedly  darker  than  the  remainder.  Small  pigment-spots 
in  the  iris  may  be  mistaken  for  foreign  bodies  by  an  inexperienced  examiner. 

Exfoliation  of  the  Iris  is  a rare  condition.  Although  not  congenital, 
it  will  be  considered  here.  The  process  of  exfoliation  involves  the  anterior 
layer  of  the  iris.  In  a case  described  by  Jackson  each  iris  was  divisible  .nto 
two  zones:  an  upper,  where  the  color  was  blue-gray,  such  as  is  see,'  in  eai ly 


infancy;  and  a lower,  which  presented  a gray-brown  color,  the  stroma  of 
the  iris  being  seen  indistinctly.  Between  the  zones  was  an  irregular  strip 
in  which  the  anterior  layer  of  the  iris  ,vas  hanging  in  shreds.  It  is  sup- 
posed that  the  change  in  color  in  this  affection  is  always  from  brown  to 
blue  or  gray.  Such  eyes  are  said  to  be  particularly  liable  to  cataract. 

Melanoma  is  a congenital  proliferation  of  the  pigment-cells  of  the  iris- 
stroma,  forming  a small,  dark  growth  which  is  of  interest  by  reason  of  the 
fact  that  it  may  be  the  starting-point  of  a melanotic  sarcoma.  The  condi- 
tion  is  of  rare  occurrence. 

Ectropion  01  the  Uvea  is  the  name  applied  to  that  congenital  condition 
in  which  chocolate-brown  masses,  composed  of  from  one  to  ten  nodules, 
project  from  the  margin  of  the  pupil  on  to  the  margin  of  the  iris.  They 
are  composed  of  uveal  pigment,  which  may  become  detached  and  float  in 
the  aqueous  humor.  The  affection  has  been  incorrectly  called  papilloma  of 
the  ii  Is.  It  is  common  in  the  horse. 

Albinism.  A congenital  absence  of  pigment  often  obtains  in  the  en- 
tire uveal  tract,  as  well  as  in  other  parts  of  the  body.  The  condition 
has  been  seen  in  black  as  well  as  in  white  races.  The  cause  of  albinism 
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is  unknown.  The  reason  of  the  failure  of  the  epiblast  to  form  pigment- 
cells  is  unexplained.  Heredity  seems  to  play  little,  if  any,  part  in  the 
etiology  of  this  anomaly.  The  mental  and  physical  condition  of  albinos 
compares  favorably  with  that  of  other  persons.  According  to  Gould,  the 
pathologic  significance  of  albinism  lies  in  the  fact  that  the  iris  is  trans- 
parent, lack  of  pigmentation  in  the  chorioid  having  little  pathologic  sig- 
nificance except  as  permitting  trans-scleral  illumination.  Lack  of  pigment 
causes  the  irides  to  look  red;  there  is  photophobia,  dazzling,  and  diminu- 
tion of  vision.  Often  there  is  nystagmus.  Astigmatism  is  frequently 
present  and  is  due  in  large  measure  to  the  pressure  of  the  eyelids  (in  a state 
of  blepharospasm)  upon  the  globe,  the  facial  muscles  also  co-operating. 
Amblyopia  is  often  present  in  these  cases,  and  strabismus  or  muscular 
insufficiency  also  occurs.  Ophthalmoscopic  examination  usually  shows  the 
fundus  entirely  normal,  except  for  the  absence  of  pigment.  The  treatment 
of  albinism  includes  the  correction  of  ametropia  and  the  use  of  dark  glasses. 

Congenital  Tumors  of  the  Iris  are  cysts  and  naevi  pigmentosi.  Little 
is  known  of  them.  The  cysts  are  mentioned  elsewhere  in  this  chapter. 

Congenital  Atrophy  of  the  Iris  is  a rare  condition  which  is  due  to 
intra-uterine  inflammation. 


Fig.  261. — Cyst  of  the  iris.  (Collins.) 


The  cyst  is  situated  between  the  two  layers  of  pigment  at  the  back  of  the  iris 

Adhesion  of  the  Iris  to  the  Cornea  is  a rare  anomaly  which  ;s  usually 
present  in  the  form  of  a union  between  the  peripheric  portions  of  these  tis- 
sues, the  central  portion  of  the  anterior  chamber  being,  as  a rule,  of  normal 
depth.  Failure  of  the  iris  to  separate  completely  from  +Lq  jornea  interferes 
with  the  drainage  of  the  aqueous  humor  and  is  a cause  of  infantile 
glaucoma. 


TUMORS  OF  THE  'RJS. 

Cysts  of  the  Iris. — These  are  divisible  mto  serous,  or  true  cysts:  epi- 
thelial, or  implantation  cysts,  due  tc  tie  implantation  of  foreign  tissues; 
dermoid  cysts,  and  entozoal  cysts.  The  true  (endothelial)  cysts  may  be 
congenital  or  acquired.  When  congenital  they  must  be  accounted  for  by 
assuming  that  a crypt  of  the  Iris  becomes  closed  and  fluid  collects  in  it. 
Acquired  cysts  are  nearly  a1 1 due  to  trauma,  although  some  are  undoubtedly 
caused  by  glaucomatom  processes.  This  is  particularly  true  of  the  cysts 
situated  between  tbj  Svo  layers  of  pigment  epithelium  on  the  back  of  the 
iris  (Fig.  261).  Ot  the  implantation  cysts  much  has  been  written.  They 
may  follow  a cataract  extraction,  or  any  corneal  wound  which  drags  epithe- 
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lium  or  hairs  into  the  anterior  chamber.  These  tumors  present  a mother- 
of-pearl  appearance  due  to  cholesterin  crystals.  They  have  been  called  pearl- 
cysts  or  cholesteatomata.  They  contain  a lining  of  laminated  epithelium 
and  semisolid  contents,  consisting  of  degenerated  epithelial  cells  and  fat- 
globules.  Epithelial  cells  or  hair-bulbs  transported  to  the  anterior  chamber 
find  favorable  soil  for  growth.  They  may  remain  quiet  for  a long  time  and 
then  become  active.  When  they  grow,  the  eye  becomes  painful,  the  tension 
rises,  and  a large  part  of  the  anterior  chamber  is  filled  by  the  cyst.  Unless 
removed  early,  the  growth  may  cause  iritis,  iridocyclitis,  secondary  glau- 
coma, or  sympathetic  ophthalmitis.  As  might  be  expected,  these  cysts  can 
be  produced  experimentally  in  the  lower  animals. 

A few  cases  of  congenital  dermoid  cyst  have  been  reported.  Monzon 
mentions  two  and  Snell,  of  Rochester,  has  observed  one.  The  entozoal  cysts 
are  chiefly  caused  by  the  cysticercus.  A few  have  been  caused  by  the  filaria. 

Diagnosis. — The  diagnosis  of  cyst  of  the  iris  can  be  made  by  inspec- 
tion. The  history  with  reference  to  trauma  should  be  carefully  elicited. 


Fig.  262. — Serous  cyst  of  the  iris  following  iiscission  for  milky  cataract. 

(Ayres.) 

Treatment. — The  treatment  is  early  and  radical  removal.  A large 
incision  should  be  made  in  the  corr  ea  with  a von  Graefe  knife,  and  the  part 
of  the  iris  containing  the  cyst  should  be  drawn  out  and  excised.  The  re- 
moval must  be  thorough,  otherwise  the  cyst  will  recur.  Under  favorable 
circumstances  vision  mav  oe  saved.  If  the  eye  is  already  blind,  the  cyst 
large,  and  particularly  if  >he  eye  is  tender  to  the  touch,  an  enucleation  or 
one  of  its  substitutes  will  be  necessary. 

Sarcoma  of  th:  i :is. — Of  the  different  portions  of  the  uveal  tract,  the 
iris  is  most  raru>  the  seat  of  primary  sarcoma.  Most  of  the  reported  cases 
were  melano  sa-cumata  arising  from  naevi  pigmentosi  in  persons  past  the 
thirtieth  year,  although  the  disease  has  been  observed  as  early  as  the  second 
year  b>  AR  and  as  late  as  the  seventy-fifth  year  by  Zellweger.  In  about 
25  pv'r  cent,  of  the  cases  the  growth  is  a lymphosarcoma.  The  tumor  con- 
Fists  usually  of  spindle  cells,  some  pigmented,  others  not,  arising  chiefly 
ii-.m  the  anterior  layers  of  the  iris.  It  increases  by  growth  of  the  stroma 
or  adventitia  cells,  fills  the  anterior  chamber,  and  involves  the  ciliary  body. 
The  most  noticeable  of  the  early  symptoms  is  the  presence  of  a growing 
tumor,  which  is  usually  pigmented.  It  may  exist  for  months  or  even  years 
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before  causing  inflammatory  symptoms,  or  before  interfering  with  the  move- 
ments of  the  iris.  The  tumor  is  often  vascular  and  nodular.  1 1 may  cause 
hemorrhages  into  the  anterior  chamber.  The  lens  becomes  displaced,  the 
tension  increased,  iritis  develops,  and  the  eye  becomes  blind.  These  growths 
are  said  by  Kerschbaumer  not  to  pierce  the  corneoscleral  region  often,  thus 
differing  from  tubercle  of  the  iris. 

Diagnosis. — Sarcoma  of  the  iris  may  be  mistaken  for  simple  melanoma, 
gumma,  or  tubercle.  The  symptoms  have  been  carefully  studied  by  Veasey, 
who  collected  forty-six  undoubted  cases  of  sarcoma.  From  \ easey’s  article 
and  other  sources  the  author  has  constructed  the  following  table : 


Melanoma. 
Becomes  darker  and 
darker. 

Is  congenital. 

No  specific  history. 


Antisyphilitic  treat- 
ment does  not  in- 
fluence it. 

Is  stationary. 


Gumma. 

When  a gumma  appears 
there  is  severe  iritis. 

History  and  symptoms 
of  syphilis. 


Color : iron-red  or  deep 
yellowish  red. 


Non-vascular. 

Antisyphilitic  treat- 
ment removes  it. 


Is  generally  situated 
peripherally. 
Hypopyon  may  be 
present. 


Tubercle. 


Appears  usually  in  per- 
sons under  twenty. 

Tubercular  foci  often 
found  elsewhere. 

Inflammatory  symp- 
toms appear  early. 

Color;  yellowish  white, 
light  grayish  white, 
or  light  grayish  yel- 
low. 

Non-vascular,  as  a rule. 

Irregular  in  form. 


Is  of  rapid  growth. 

Is  generally  situated 
near  the  pupil. 
Hypopyon  may  be 
present. 


Melanosarcoma. 
Retains  its  primary 
shades  usually. 

Is  not  congenital. 


No  inflammatory  symp- 
toms in  early  stage. 

Color : reddish  gray, 
blackish,  light  brown, 
or  flesh-color. 

Is  vascular. 

Rounded  in  form. 

Antisyphilitic  treat- 
ment does  not  in- 
fluence it. 

Grows  slowly. 

May  have  multip’e 
points  of  growth. 


Treatment. — In  view  of  the  difficulties  attending  the  diagnosis  of 
iridal  growths,  it  will  be  advisable  to  operate  upon  them  ea-ly  making  a 
broad  iridectomy  which  shall  include  all  of  the  mass  and  a part  of  the 
healthy  iris  on  each  side.  Then  a microscopic  examination  can  be  made  and 
the  nature  of  the  growth  determined.  If  it  proves  to  be  a sarcoma,  the 
question  of  enucleating  the  eye  must  be  considered,  although  it  will  be 
advisable  to  wait  for  a time  and  to  note  the  effect  of  the  iridectomy.  In 
a few  cases  not  only  has  the  eyeball  been  s,  ved  and  useful  vision  preserved, 
but  no  recurrence  has  been  noted  for  years  after  the  operation.  The  growth 
of  an  iris  sarcoma  is  slow,  and  a period  at  least  three  years  must  elapse 
before  a case  treated  by  iridectomy  can  be  considered  as  cured.  If  vision 
is  seriously  affected,  an  immediate  enucleation  should  be  performed.  If, 
after  iridectomy,  the  growth  shows  signs  of  recurrence,  the  eye  must  be  re- 
moved immediately.  Cases  of  sarcoma  of  the  iris  cured  by  iridectomy  have 
been  reported  by  Arlt,  Kipp,  Knapp,  Yeasey,  and  others.  On  the  other 
hand,  it  may  be  impossible  to  determine  whether  the  ciliary  body  is  involved. 
Wood  and  Pusey  who  have  given  the  latest  contribution  on  this  subject, 
hold  that  an  enucleation  should  be  made  as  soon  as  the  diagnosis  of  iris 


sarcoma  has  bsen  established. 
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Vascular  Tumors  of  the  Iris.— These  have  been  seen  a few  times  as 
-dark,  lobulated  growths,  springing  from  the  iris  and  bleeding  spontaneously. 
In  some  eases  they  are  associated  with  multiple  nevi  scattered  over  the 
whole  body.  Vascular  iridal  tumors  are  likely  to  be  mistaken  for  sarcomata. 
rl  hey  should  be  removed  by  making  a broad  iridectomy. 

TJnusual  Tumors  of  the  Iris. — The  iris  is  in  rare  cases  the  seat  of  myo- 
mata, myosarcomata,  hypemephromata,  lymphomata,  and  of  certain  epi- 
thelial formations  resembling  carcinomata.  The  nature  of  these  growths 
can  be  determined  after  removal.  Lymphomata  are  found  in  cases  of 
splenic  leukemia.  The  growths  may  be  situated  deeply  or  superficially  in 
the  iris-tissue.  W hen  superficial,  they  are  present  as  multiple  gray,  trans- 
parent nodules  surrounded  by  a vascular  network.  When  deeply  placed 
they  cannot  be  seen,  but  their  presence  should  be  suspected  because  of 
chronic  * iritis  with  pupillary  exudate  and  vitreous  opacities.  Unlike 
tubercles,  lymphomata  of  the  iris  do  not  suppurate.  They  may  be  con- 
founded with  gummata.  The  disease  is  found  chiefly  in  young  persons, 


Fig.  263. — Cysticercus  which  lias  broken  through  ai  iriJal  vessel.  (Kbaemer.) 

and,  according  to  Horner  and  von  Michel,  it  precedes  the  general  mani- 
festations of  leukemia.  Microscopic  examination  shows  a mass  of  leuco- 
cytes in  the  stroma  of  the  iris,  which  is  more  dense  than  normal  and  presents 
vessels  gorged  with  white  corpuscles.  In  benign  forms  the  neoplasm  may 
entirely  disappear,  leaving  the  iris  partially  discolored  and  atrophic,  while 
grave  cases  end  in  total  atrophy  ot  the  globe.  Aside  from  the  use  of  atropin, 
local  treatment  is  not  indicated  in  these  cases. 

Leprosy  of  the  Iris  — According  to  Neve,  the  iris  is  often  attacked  in 
ocular  leprosy,  especially  where  the  infiltration  has  begun  in  the  corneal 
margin.  Nodules  form  in  the  iris-angle,  partially  obliterating  the  anterior 
chamber.  Less  often  a single  nodule  is  present,  but  seldom  is  on  or  near 
the  edge  of  the  iris.  The  whole  iris-tissue  becomes  softened  by  a chronic 
inflammatory  process.  There  is  a deposit  of  fibrin  which  occludes  the  pupil. 

Tuler  ric  of  the  Iris. — When  tuberculosis  of  the  iris  (Fig.  3,  Plate  XII) 
assumes  thu  solitary  form,  iritis  may  be  absent  for  a considerable  time.  Such 
cases  w we  described  by  von  Graefe  under  the  name  granuloma  of  the  iris. 
The  tubercular  nature  of  such  growths  was  first  demonstrated  bv  Haab.  The 
differentiation  between  this  disease,  gummatous  iritis,  and  sarcoma  may  be 
difficult.  Tubercle  is  generally  found  between  the  fourth  and  twenty-first 
years,  while  sarcoma  usually  appears  later  in  life.  The  history  of  the  case 
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and  the  finding  of  tubercular  foci  elsewhere  will  aid  in  diagnosis.  Tubercle 
is  of  more  rapid  growth  than  sarcoma  (Andrews).  In  any  case  of  solitary 
mass  in  the  iris  antisyphilitic  treatment  should  be  instituted.  If  it  fails, 
the  mass  should  be  excised  by  iridectomy  and  examined  microscopically  and 
by  inoculation  experiments  on  rabbits  or  guinea-pigs.  If  the  entire  mass 
cannot  be  removed,  an  enucleation  should  be  made,  and  in  all  cases  of 
multiple  growths  the  eye  should  be  excised  (Bull).  Internal  treatment 
with  creosote,  and  injections  of  tuberculin,  may  be  tried  in  the  early  stages 
of  iridal  tuberculosis  before  resorting  to  enucleation.  Koster  has  reported 
cures  from  the  injection  of  air  into  the  anterior  chamber.  Patients  with 
tubercular  iritis  often  die  from  tubercular  meningitis. 

Cysticercus. — The  parasite  appears  in  the  anterior  chamber  as  a round, 
whitish,  grayish,  or  yellowish  mass,  about  one  millimetre  in  diameter.  At 
one  particular  part  of  the  cyst  a whitish  projection  is  noticed  which  changes 
its  shape  from  time  to  time.  The  mass  may  be  found  in  the  bottom  of  the 
anterior  chamber  or  it  may  float  free  in  the  aqueous.  At  the  time  it  breaks 
forth  from  an  iris  vessel  there  is  great  pain.  The  parasite  should  be  re- 
moved through  an  incision  made  in  the  cornea. 

Sporotrichosis  of  the  Iris. — One  case  has  been  seen  by  Jeanselme  and 
Poulard. 

Filaria. — The  filaria  has  occasionally  been  found  in  the  anterior 
chamber  or  iris  of  persons  living  in  the  Orient  or  in  Africa.  The  disease 
is  not  seen  in  England  and  America  except  by  importation. 

HYPEREMIA  OF  THE  IRIS. 

Hyperemia  of  the  iris  often  accompanies  acute  trachoma,  pumkot  con- 
junctivitis, keratitis,  scleritis,  cyclitis,  hyalitis,  and  chorioiditis,  ami  it  often 
follows  injuries  of  the  eye.  Hyperemia  is  shown  by  a change  in  the  color 
of  the  iris;  by  contraction  of  the  pupil  and  sluggish  response  to  varying 
intensities  of  light;  by  an  increase  in  the  volume  of  the  iris,  and  by  the 
presence  of  dilated  vessels  which,  under  a magnifying  lens,  appear  as  red 
lines.  In  some  instances  there  is  a slight  pericorneal  injection.  These 
symptoms,  in  the  absence  of  exudation,  lead  to  the  diagnosis  of  hyperemia 
of  the  iris.  The  treatment  is  that  of  the  underlying  cause.  Mydriatics 
act  less  promptly  than  in  the  normal  eye, 

INFLAMMATION  OF  THE  IRIS. 

Iritis  is  an  inflammation  of  the  iris.  It  may  be  congenital  or  acquired, 
idiopathic  or  traumatic,  primary  or  secondary,  acute  or  chronic,  simple  or 
complicated.  Since  the  iris  and  ciliary  body  receive  the  same  blood-supply, 
both  are  usually  involved  in  inflammation  simultaneously.  For  many 
reasons,  however,  it  is  advisable  to  consider  their  diseases  separately.  Iritis 
is  a subject  of  the  greatest  importance  to  the  patient,  to  the  general  practi- 
tioner, and  to  the  ophthalmologist.  Recognition  of  the  disease  and  proper 
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treatment  will  give  satisfactory  results.  Unfortunately,  however,  mistakes 
in  diagnosis  often  occur,  and  in  consequence  the  patient  becomes  partly  or 
entirely  blind. 

Symptoms. — In  idiopathic  iritis  the  subjective  signs-  are  pain,  photo- 
phobia, and  lpss  of  vision.  The  objective  signs  are  lacrimation,  congestion 
of  the  corneoscleral  zone,  immobility  or  sluggishness  of  the  contracted  iris ; 
change  in  its  color,  thickness,  and  form ; and,  under  a mydriatic,  the  pres- 
ence of  adhesions.  These  either  bind  the  iris  to  the  capsule  of  the  lens  pos- 
teriorly, making  the  pupil  irregular  in  form,  or  to  the  cornea  in  front. 
Under  mydriasis  the  pupil  may  be  round,  in  which  case  careful  examination 
will  show  deposits  of  pigment  on  the  lens-capsule.  Pain  in  iritis  is  referred 


Fig.  2G4. — Pericorneal  injecti^ii  in  iritis.  (Author.) 

(Original  drav'.  - or  Du.  R.  W.  Mills  ) 

to  the  eye,  the  nerve-exits  around  the  orbit,  the  temple,  or,  as  will  often  be 
found,  to  the  side  of  the  nc^p  along  the  course  of  the  nasal  nerve.  Pain 
in  iritis  is  often  worse  a;  night  or  in  the  early  morning.  It  may  be  entirely 
absent,  or  may  be  so  excruciating  that  the  patient  is  clamorous  for  relief. 
The  eye  is  tender  o a pressure,  particularly  at  a point  mentioned  by  Callan, 
about  two  milliinet  es  behind  the  corneoscleral  junction,  under  the  middle 
of  the  uppe^  J id.  Loss  of  vision  is  great  in  those  forms  of  iritis  in  which 
the  aqueous  humor  becomes  turbid  or  where  exudation  into  the  pupillary 
area  is  considerable.  Accommodative  power  is  also  impaired. 

On  inspection,  the  iris  is  seen  to  have  a muddy  look,  its  lustre  is  absent, 
and  its  1 issue  appears  swollen.  Often  the  distended  minor  arterial  circle  will 
surround  the  pupil  like  a ring.  The  change  in  color,  due  to  hyperemia  and 
inflammatory  products,  causes  a blue  iris  to  appear  greenish  and  a brown 
one  to  look  yellowish.  The  pupil  is  small,  and  reacts  to  light  slowly  or  not 
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at  all.  The  zone  of  redness  around  the  cornea  is  deeply  seated,  as  in  any 
serious  inflammation  of  the  anterior  segment  of  the  globe.  There  is  photo- 
phobia and  abundant  lacrimation.  If  these  symptoms  are  present,  and  the 
tension  of  the  eye  is  not  increased,  the  practitioner  will  be  justified  in  the 
use  of  a mydriatic.  A 1-per-cent,  strength  solution  of  atropin  or  a solution 
of  scopolamin  of  the  strength  of  1/5  of  1 per  cent,  is  to  be  used.  Half  an 
hour  after  dropping  the  solution  into  the  eye  the  pupil  will  appear  dilated  ir- 
regularly, if  adhesions  between  the  iris  and  lens-capsule  are  too  strong  to  be 
broken  by  the  mydriatic ; or,  as  often  occurs  early  in  the  disease,  the  pupil 
will  be  round,  and  light  concentrated  on  the  lens  by  a glass  will  show 
minute  pigment-spots  marking  the  site  of  the  ruptured  adhesions.  After 
a slight  iritis  these  spots  will  be  found,  since  the  posterior  layer  of  the  iris 
is  the  pigment  layer.  Inspection  of  the  anterior  chamber  may  show  a turbid 
aqueous;  the  cornea  may  be  steamy. 

Diagnosis. — Iritis  is  often  mistaken  for  acute  catarrhal  conjunctivitis. 
The  diagnosis  can  be  made  by  attention  to  the  following  points : Conjunc- 


2 3 4 5 


Fig.  205. — Different  appearances  of  the  pupil  in  iritis,  after  the  use 
of.  atropin. 


1,  Three  adhesions.  2,  Pupil  dilated  regularly,  with  pigment-dots  on  the  anterior 
capsule  of  the  lens.  3,  One  adhesion.  4,  Multiple  adhesions  with  little  dilation.  T. 
Adhesions  at  four  points  and  pigment-dots  showing  where  the  mydriatic  has  br(  ken 
up  an  adhesion. 

tivitis  presents  a discharge;  uncomplicated  iritis  does  not,  bat  generally 
in  iritis  there  is  an  accompanying  conjunctivitis.  In  conjunctivitis  the 
greatest  redness  is  situated  posteriorly,  where  the  ocular  and  palpebral  parts 
of  the  conjunctiva  join;  in  iritis  the  greatest  redness  is  around  the  corneo- 
scleral junction.  The  redness  of  iritis  is  more  deeply  placed  than  is  that 
of  conjunctivitis.  The  injected  conjunctival  vessels  are  distinctly  seen, 
while  the  deeper  vessels  of  the  circumcornea  i zone  present  a deep,  diffuse- 
red  color. 

The  iris  in  conjunctivitis  responds  K light.  In  early  iritis  it  responds 
sluggishly,  if  at  all;  more  often  it  is  immobile  and  contracted.  Vision  is 
not  affected  in  conjunctivitis,  barring  the  spreading  of  mucus  over  the 
cornea,  the  existence  of  a complicating  keratitis,  or  the  presence  of  a cor- 
neal scar;  in  iritis  vision  is  usually  much  reduced  from  turbidity  of  the 
aqueous  humor  or  from  exudation  on  the  lens.  The  tension  of  the  eye  is  not 
changed  in  conjunctivitis;  in  iritis  there  is  occasionally  increase  of  tension 
in  the  height  of  the  disease.  The  color  and  lustre  of  the  iris  are  not 
changed  in  conjunctivitis;  in  iiitis  the  iris  looks  muddy,  has  lost  its  bright 
appearance,  am  is  often  changed  in  color.  In  conjunctivitis  the  pupil 
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dilates  regularly  after  the  use  of  a mydriatic ; in  iritis  the  pupil  may  dilate 
regularly  or  irregularly,  due  to  causes  explained  above. 


Differentiation  between  Iritis  and  Glaucoma. — It  might  be  supposed  that  dis- 
eases as  unlike  as  iritis  and  glaucoma  should  not  be  confounded,  but  it  often  occurs 
that  the  practitioner  considers  a case  of  acute  inflammatory  glaucoma  to  be  iritis, 
and  treats  the  glaucoma  with  atropin — the  worst  possible  treatment.  Both  diseases 
reduce  vision  and  present  pain  as  a prominent  symptom.  The  following  table  gives 
the  points  in  differential  diagnosis: — 

Iritis. 


The  pupil  is  small. 

Usually  the  patient  is  under  forty-five 
years  of  age. 

Tension  may  increase  in  the  height  of 
the  disease. 

The  anterior  chamber  is  of  normal  depth 
except  in  neglected  cases  with  com- 
plete annular  synechia;  in  these  it  is 
deeper  than  normal. 

The  cornea  is  sensitive  to  the  touch. 

The  ophthalmoscope  cannot  be  used  with 
satisfaction. 


The  chief  causes  of  iritis  are  trauma, 
syphilis,  rheumatism,  and  gonorrhea. 


The  refraction  has  no  etiologic  bearing. 


Glaucoma. 

The  pupil  is  dilated. 

Usually  the  patient  is  over  middle  age. 

Tension  is  increased,  either  intermit- 
tently or  permanently. 

The  anterior  chamber  is  shallow’. 


The  cornea  is  anesthetic. 

The  ophthalmoscope  often  vill  shjw  ex- 
cavation of  the  hea  i of  the  optic 
nerve  and  pulsation  In  the  retinal 
arteries. 

The  causes  of  plan  coma  are  numerous, 
including  closure  of  the  iris-angle, 
trauma,  intra-ocular  growths,  and 
cert: m oniitions  of  the  blood  and 
blooc  -vessels. 

Re)  action  generally  is  hypermetropic. 


Differentiation  between  Iritis  and  Cyclitis. — While  pathologic  study  shows 
involvement  of  the  ciliary  body  in  neaiT  nil  cases  clinically  diagnosticated  as  iritis, 
it  is  not  customary  to  speak  of  the  condition  as  a cyclitis  or  an  iridocyclitis  unless 
certain  symptoms  are  present.  Tli'se  include:  (1)  edema  of  the  upper  eyelid, 
which  is  not  present  in  simple  iritis;  (2)  alteration  of  intra-ocular  tension,  which 
may  be  increased  or  diminished ; ' b ) the  presence  of  considerable  pain  or  tenderness 
when  pressure  is  made  in  the  region  of  the  ciliary  body;  (4)  the  presence  of 
deposits  on  Descemet’s  membrane;  (5)  greater  loss  of  vision  than  can  be  accounted 
for  by  the  muddiness  oi  the  aqueous  humor. 


Varieties  oi  Iritis. — Having  made  a diagnosis  of  iritis,  it  will  be 
in  order  to  df  termine  which  variety  of  the  disease  is  present:  serous,  plastic, 
or  parenchymatous. 

iritis  (Fig.  1,  Plate  XII),  so  called,  is  characterized  by  a deep  anterior 
chamber,  the  presence  of  deposits  in  the  aqueous  and  on  the  back  of  the  cornea,  and 
a mildness  of  the  subjective  symptoms.  This  disease  may  be  caused  by  syphilis.  It 
is  tt  e form  of  iritis  often  found  in  sympathetic  ophthalmitis.  Often  the  pupil  is 
dilated  and  the  tension  of  the  eye  is  increased  by  physical  and  chemic  changes  in  the 
aqueous,  thus  simulating  glaucoma.  Inasmuch  as  this  disease  has  been  shown  by 
recent  pathologic  studies  to  depend  on  alterations  in  the  glands  of  the  ciliary  body, 
it  will  be  further  discussed  under  the  name  “Serous  Cyclitis.” 

Plastic  Iritis  is  the  type  of  iridal  inflammation  which  is  most  frequently  on- 


PLATE  XII, 

External  EisBasBa  of  tha  Eya, 


Fig.  1. 

Seraus  Iritis. 


Fig.  2. 

Eummatous  Iritis. 


na.  a. 

Tuberculosis  of  thB  Iris. 
(Andrews.) 


Fig.  5. 

Absolute  Glaucoma. 


Fig.  4. 

Melano  sarcoma  of  the  Choriaid. 


Fig.  B. 

Rupture  of  the  Spirit  v-lLn  Escape 
of  the  Lbus.  (Afte  > Sichel.) 


■ 


Fig.  7. 

NauroBpithelioma  of  the  R.'tina. 


Fig.  a. 

FsBudo -neuroepithelioma 
ot  the  Retina,  * 
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countered.  It  is  called  plastic  from  its  tendency  to  form  adhesions  between  the  iris 
and  crystalline  lens,  and  to  occlude  the  pupil.  It  may  run  an  acute,  subacute,  or 
chronic  course.  It  presents  the  classic  symptoms  of  iridal  inflammation:  pain; 
pericorneal  injection;  immobility  of  the  iris,  which  is  discolored,  and  posterior 
synecliise.  Aside  from  the  ordinary  attachments  existing  between  the  iris  and  lens, 
plastic  iritis  may  result  in  the  pouring  of  an  exudation  into  the  anterior  chamber, 
filling  the  pupillary  area  with  a gelatin-like  mass  ( fibrinous , or  spongy , iritis). 
Syphilis  is-  a frequent  cause  of  plastic  iritis,  the  involvement  of  the  iris  occurring 
generally  between  the  second  and  ninth  months  after  the  appearance  of  chancre. 
Exceptionally  iritis  in  a syphilitic  subject  may  be  delayed  till  the  eighteenth  month. 
Both  eves  are  generally  involved,  hut  usually  not  at  the  same  time.  Rheumatism 
is  a frequent  cause  of  plastic  iritis. 


Fig.  266. — Gummatous  iritis.  (Author.) 


(Original  drawing  by  Dk.  R.  W.  Mills  ) 


Parenchymatous  Iritis  is  divisible  into  suppurative,  gummatous,  and  tubercular 
forms.  In  all  forms  of  parenchymatous  inflammation  cne  iris  is  much  thickened  and 
distorted. 

In  suppurative  iritis  pus-cells  are  presc.A  .n  the  tissue  of  the  iris,  and  hypopyon 
is  common.  The  most  frequent  cause  of  suppurative  iritis  is  infection  by  a wound. 
The  hypopyon  of  the  idiopathic  form  oi  suppurative  iritis  disappears  rapidly,  since 
it  consists  only  of  pus-cells,  and  is  i.or  mixed  with  fibrin  as  is  the  hypopyon  of  ulcus 
serpens  cornese  (Fick).  Diabetes  and  acute  infectious  diseases,  such  as  pneumonia, 
cerebro-spinal  fever,  influenza,  e c.,  are  causes  of  suppurative  iritis.  It  also  occurs 
from  embolism  in  puerperal  svmtiv'emia  and  pyemia. 

Gummatous  Inflam-mati™  of  the  Iris  (Fig.  2,  Plate  XII)  appears  in  the  later 
secondary  stage  of  syphilis,  and  presents  clinical  signs  peculiar  to  itself.  In  rare 
instances  it  is  found  r*  infants  with  hereditary  syphilis.  The  iris  shows  one  or  more 
yellowish-brown  ji  rcadish-brown  nodules,  varying  in  size  from  a pin’s  head  to  a 
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pea.  They  are  found  in  the  ciliary  or  pupillary  border  or  midway  between  the  two, 
and  are  often  crossed  by  vessels.  Although  found  in  the  secondary  stage  of  syphilis, 
the  name  gummata  has  been  applied  to  them.  Unlike  true  gummata  they  do  not 
break  down  or  suppurate.  They  soon  disappear  under  treatment  without  leaving 
scars  in  the  iris-tissue.  Some  authors  apply  the  term  iritis  papulosa  to  this  condi- 
tion, and  reserve  the  name  gummatous  iritis  to  those  rare  cases  of  true  gummata 
which  appear  later  in  tl)e  history  of  syphilis. 

Tubercular  Iritis  is  due  to  the  development  of  the  tubercle  bacillus  in  the  iris. 
It  is  secondary  to  a tubercular  focus  located  in  another  part  of  the  body,  and  is 
found  principally  in  persons  under  twenty  years  of  age.  Direct  tubercular  infection 
of  the  iris  can  occur  only  through  a wound.  Tubercular  iritis  appears  in  two 
forms:  as  disseminated  (miliary)  and  as  conglobated  (solitary)  tuberculosis. 
Disseminated  tuberculosis  here  presents  numerous  small,  gray,  transparent  nodules 
which  slowly  change — some  disappearing  while  new  ones  form.  The  disease  is  often 
bilateral.  Recovery  may  take  place,  but  the  eye  is  generally  lost  by  tubercular  irido- 
cyclitis. The  solitary  tubercle  of  the  iris,  which  is  confined  to  one  eye,  has  been 
described  with  the  tumors  of  this  part. 


Fig.  267. — Iritis  with  hypopyon  and  che  nosis  'Von  Ammon.) 

The  pupil  is  irregular.  The  collection  of  p is  reaves  to  the  lower  part  of  the 
pupil.  The  chemotic  conjunctiva  forms  a ring  a-ound  the  cornea.  The  vessels  of 
the  conjunctiva  are  much  enlarged. 

Pathology. — Iritis  causes  various  changes  in  the  eye  according  to 
(a)  the  nature  of  the  inflammation  and  (b)  the  duration  and  treatment. 
In  the  simple  plastic  form  an  exudation  of  fibrin  takes  place  into  the  tissue 
of  the  iris  itself,  and  into  the  anterior  and  posterior  chambers.  A few  pus- 
cells  are  found  in  the  exrdute.  The  aqueous  humor  is  made  muddy  by  the 
exudate  and  the  puj  il  appears  grayish  in  consequence.  The  particles  of 
exudate  are  deposited  the  bottom  of  tbe  anterior  chamber  and  form  an 
hypopyon.  If  th : hyperemia  is  great,  some  of  the  vessels  rupture  and  the 
blood  also  sinks  to  the  bottom.  A layer  of  exudate  is  also  found  on  the 
anterior  surtax  of  the  iris,  giving  it  a blurred  appearance.  This  layer  may 
glue  the  :rA  to  the  back  of  the  cornea,  as  shown  in  Fig.  268,  or,  as  more 
olter.  happens,  it  simply  fills  up  the  pupil  (occlusion  of  the  pupil),  obstructs 
vision,  and  leads  to  the  formation  of  opacity  in  the  lens.  Exudation  into 
the  oosterior  chamber  causes  adhesions  (posterior  synechia?)  between  the 
iris  and  the  anterior  capsule  of  the  lens.  The  adhesions  develop  chiefly 
at  the  pupillary  margin,  the  point  where  normally  the  iris  and  capsule  are 
separated  by  a very  thin  water-bed.  It  may  happen  that  the  exudate  oc- 
cupies the  whole  space  between  tbe  iris  and  the  lens,  thus  making  a complete 
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posterior  adhesion.  In  the  formation  of  adhesions,  it  is  not  the  iris-stroma, 
but  the  pigment  layer,  which  becomes  attached  to  the  lens.  In  response  to 
a mydriatic  the  iris  is  drawn  toward  the  periphery,  exposing  the  pigment. 
If  the  adhesions  are  completely  served,  a round  pupil  results,  and  pigment- 
spots  remain  on  the  anterior  capsule.  In  case  the  whole  pupillary  margin 
of  the  iris  becomes  adherent  (annular  posterior  synechia),  the  posterior 
is  completely  shut  off  from  the  anterior  chamber.  Thus,  the  passage  of 
aqueous  humor  into  the  front  of  the  eye  is  stopped  and  the  iris  becomes 
bulged  forward  ( iris  bombe),  producing  the  condition  known  as  post-iritic 
glaucoma.  If  the  process  is  not  checked  by  an  excision  of  part  of  the  iris, 
all  of  the  tissues  of  the  eyeball  become  involved,  the  optic-nerve  head  under- 
goes excavation,  and  vision  is  destroyed. 


Fig.  268. — Anteroposterior  section  of  an  eye  which  shows  post-irit‘e  glau- 
coma,  calcareous  cataract,  and  chorioiditis.  (Author.) 

These  changes  were  all  caused  by  a neglected  iritis.  In  the  fresh  spcdmin  the 
iris,  through  a large  part  of  its  extent,  was  adherent  to  the  posterior  "'irface  of  the 
cornea,  from  which  it  has  been  separated  in  order  the  better  to  show  he  annular 
posterior  synechia. 

During  an  attack  of  iritis  many  other  tissues  suffer.  The  cornea  is 
involved  in  every  case  (Friedenwald),  being  more  or  less  opaque  owing  to 
infiltrations  in  the  substantia  propria  or  to  deposits  on  Descemet’s  mem- 
brane. In  many  instances  the  corneal  opacity  can  be  detected  only  by 
careful  examination.  Iridocyclitis,  iridochorioiditis,  hyalitis,  and  neuro- 
retinitis  are  frequent  complicatons.  As  a result  of  frequent  attacks  of 
acute  iritis,  or  from  a long-con tinuc  i chronic  state,  the  iris  becomes  atrophic. 
It  has  a bleached  appearance,  the  m rmal  delicate  markings  are  lost,  and  the 
pupillary  margin  looks  frayed. 

Etiology. — Iritis  may  be  the  result  of  trauma,  but  generally  it  is  due 
to  a constitutional  vice.  Syphilis  causes  about  50  per  cent,  of  the  cases. 
Rheumatism  is  another  frequent  factor,  producing  about  30  per  cent.  Other 
causes  are  anenr.a  malaria,  diabetes,  gonorrhea,  gout,  neoplasms,  acute 
febrile  diseases,  and  autointoxication.  Carious  teeth,  alveolar  abscess,  and 


388 


MODERN  OPHTHALMOLOGY. 


suppurative  rhinitis,  menstrual  disorders,  and  herpes  zoster  ophthalmicus, 
are  rare  causes.  Diabetic  iritis  is  one  of  the  rarest  forms.  Sympathetic 
ophthalmitis  causes  the  form  of  iritic  and  cyclitic  inflammation  which  will 
be  described  as  “Serous  Cyclitis.”  In  many  cases  of  iritis  it  is  impossible 
to  determine  the  cause,  since  there  is  no  constant  symptom  by  which  to 
recognize  the  diathesis  present.  If  syphilis  always  produced  the  charac- 
teristic nodules  in  the  iris,  recognition  would  be  easy;  but  many  cases 
undoubtedly  due  to  syphilis  do  not  present  symptoms  and  exudation  dif- 
ferent from  those  which  are  found  in  rheumatic  iritis.  Eheumatic  iritis  lias 
long  been  credited  with  a marked  tendency  to  recurrences,  but  it  is  not  cer- 
tain that  this  statement  will  bear  investigation. 

Iritis  occurs  chiefly  in  young  adults  and  in  middle-aged  persons.  In 
children  it  rarely  occurs,  and  is  then  due  usually  to  hereditary  syphilis,  or 
tuberculosis,  or  exists  as  a complication  of  comeal  ulcer.  In  proof  of  the 
rarity  of  iritis  in  syphilitic  infants  it  may  be  stated  that  George  Carpenter,  of 
London,  although  he  has  examifted  the  eyes  of  hundreds  of  such  subjects, 
never  saw  an  undoubted  case:  i.e .,  one  with  irregular  pupil  under  at:’* 'pin; 
and  Jonathan  Hutchinson,  Sr.,  records  only  twenty-three  cases.  Oi  Hutch- 
inson’s cases,  the  youngest  was  six  weeks,  the  oldest  sixteen  months  of  age. 
Iritis  is  sometimes  found  in  young  girls  at  the  period  of  puberty.  * 

Traumatic  iritis  may  arise  from  blows,  operative  u^ocedures,  pene- 
trating wounds,  or  the  lodgment  of  foreign  bodies,  it  may  be  plastic  or 
purulent  ; if  the  latter,  it  is  a part  of  panophthalmitis  Perforating  corneal 
ulcers  also  cause  iritis.  An  extremely  sever  * anl  long-continued  inflam- 
mation of  the  iris  follows  the  peneration  o.  the  hairs  of  the  caterpillar  into 
the  conjunctiva,  cornea,  and  iris,  producing  the  condition  known  as  oph- 
thalmia nodosa.  This  form  of  ocular  inflammation  has  been  described  in 
the  chapter  on  the  conjunctiva. 

It  is  because  of  the  impossil  iliiy  of  founding  a classification  of  iritis 
on  the  etiology  that  the  authoi  has  adhered  to  the  old  division  into  serous, 
plastic,  and  parenchymatous,  forms. 

Congenital  Iritis  as  si  own  by  the  presence  * of  congenital  posterior 
synechiae,  has  been  observe  d by  Bull  in  infants  within  two  hours  after  birth. 
The  disease  is  to  he  attributed  to  syphilis,  and  this  opinion  is  confirmed 
by  the  occurrence  of  “snufflles”  within  a few  weeks  after  birth,  and  by  the 
finding  of  m ice  as  patches  around  the  anus.  Owing  to  the  absence  of 
ciliary  injection  and  the  infrequent  occurrence  of  discoloration  of  the  iris, 
iridal  inflammation  in  infants  may  be  overlooked.  In  fact,  it  can  generally 
be  detect  3d  only  by  the  use  of  atropin  and  oblique  illumination. 

Diabetic  Intis  is  a rare  form  of  ocular  disease.  Galezowski  met  with 
it  7 vimes  among  144  diabetic  patients  with  ocular  diseases.  Leber  saw  it 
t times  among  39  diabetics.  This  type  of  iritis  is  often  purulent,  and  a 
noteworthy  fact  is  the  rarity  of  purulent  iritis  without  the  coexistence  of 
purulent  keratitis.  The  iridal  inflammation  is  rarely  of  a severe  grade,  and 
hypopyon,  when  present,  is  usually  small.  The  pupillary  space  is  likely 
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to  be  filled  with  a fibrinous  membrane,  which  disappears  rapidly  under 
appropriate  treatment.  Occasionally  the  disease  assumes  the  serous  type. 
While  the  course  of  diabetic  iritis  is  generally  favorable,  there  may  be  com- 
plications, such  as  cyclitis,  chorioiditis^  cataract,  and  opacities  in  the  vitreous 
body.  Iritis,  following  the  operation  of  iridectomy,  is  not  infrequent  in 
diabetics.  Microscopic  examination  has  shown  the  frequent  occurrence  of 
changes  in  the  pigment-epithelium  layer  of  the  iris,  ciliary  body,  and 
retina.  They  include  a loosening,  proliferation,  and  probably  edematous 
swelling  of  the  pigment-cell  layer  on  the  posterior  surface  of  the  iris. 
Hence,  following  an  operation  such  as  iridectomy  or  cataract  extraction, 
the  aqueous  humor  may  appear  black  from  pigment  held  in  suspension. 


Fig.  209. — Proliferation  of  the  pigment  layer  of  the  iris  in 
diabetes.  (Author.) 

(Photomicrograph  by  Dr.  H.  P.  Wells.) 

Cases  of  diabetic  iritis  require  treatment  for  the  constitutional  condition 
in  addition  to  the  usual  local  remedies. 

Gonorrheal  Iritis  occurs  in  patients  in  whom  gonorrhea  causes  systemic 
infection,  e.g.,  gonorrheal  rheumatism.  Tin  disease  is  relatively  frequent 
in  men  and  rare  in  women.  Like  gororTeal  arthritis,  gonorrheal  iritis  is 
prone  to  relapse.  While  the  joint  symptoms  generally  precede  the  iritis, 
cases  are  on  record  in  which  iritis  developed  before  the  advent  of 
arthritis. 

Senile  Iritis. — In  eldcri  ; persons  it  is  not  unusual  to  find  that  iritis 
is  overlooked  by  the  mt  tic  il  attendant  because  of  absence  of  the  common 
signs.  There  may  h^ve  been  an  acute  catarrhal  conjunctivitis  involving 
both  eyes.  After  the  application  of  the  usual  treatment  one  eye  recovers 
and  the  other  *.  oe:  not.  Inspection  shows  no  muddiness  of  the  iris  or 
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aqueous  humor,  the  pupil  responds  to  light,  tension  is  normal,  pain  is 
slight,  and  perhaps  the  only  sign  of  iritis  is  a slight  pinkish  redness  around 
the  cornea.  After  excluding  glaucoma  by  ophthalmoscopic  examination, 
the  surgeon  should  dilate  the  pupil  ad  maximum  with  atropin.  Then  the 
presence  of  adhesions,  either  at  the  pupillary"  margin  or  more  frequently  at 
the  peripheral  part  of  the  iris,  will  declare  the  true  condition.  Continued 
use  of  a mydriatic  will  cure  these  cases.  During  the  treatment  the  tension 
should  be  watched.  Hale  has  called  attention  to  two  signs  of  diagnostic 
value  in  these  cases  of  quiet  iritis:  (a)  one  eye  is  usually  involved  more 
than  the  other  and  ( b ) the  muco-purulent  discharge  characteristic  of  con- 
junctivitis disappears  and  is  succeeded  by  profuse  lacrimation.  The  author 
has  seen  several  of  these  cases  which  he  attributed  to  malaria. 

Uveite  Irienne. — Grandclement  has  called  attention  to  the  importance 
of  distinguishing  from  ordinary  iritis  those  cases  in  which  only  the  poste- 
rior layer  of  the  iris  is  involved.  To  these  he  applies  the  term  uveite  irienne. 
In  every  respect  this  affection  is  different  from  ordinary  iritis,  and  the 
points  in  differentiation  are  given  in  the  following  table: — 


Uveite  Irienne. 

Occurs  almost  exclusively  in  women. 

Both  eyes  are  always  affected. 

Disease  lasts  for  years  and  shows  slight 
periodic  exacerbations,  lasting  five  or 
six  days. 

Causes  are  unknown. 

Only  effective  treatment  is  iridectomy. 

No  discoloration  of  anterior  surface  of 
iris. 

Pain  is  almost  absent  and  redness  is 
slight. 

Occurs  about  the  time  of  the  rue  10- 
pause. 


Iritis. 

Occurs  irrespective  of  sox. 

Often  is  unilateral. 

Symptoms  are  violent  and  the  disease 
is  cured  in  b'x  o r eight  weeks. 

Causes  ure  trauma  and  constitutional 
vices. 

Proper  treatment  is  the  use  of  myd- 
rLtti  "s. 

Anterior  surface  of  iris  is  discolored, 
j Pain  is  severe  and  redness  is  marked. 


Prognosis  of  Iritis.  -The  prognosis  will  depend  on  (a)  the  time 
of  recognition  of  the  ^ease,  (fr)  the  treatment  instituted,  and  (e)  the 
character  of  the  cause.  An  eye  whose  iris  has  been  the  seat  of  inflamma- 
tion rarely  makes  a complete  recovery,  although  vision  may  be  retained  and 
the  eye  renmm  quiet  through  life.  Simple  plastic  iritis,  if  recognized  early, 
offers  a favorable  prognosis.  The  parenchymatous  forms,  except  when  due 
to  tubercle,  usually  give  fair  results.  Suppurative  iritis  generally  ends  in 
par  ophthalmitis  and  the  loss  of  the  eye. 

According  to  Groenouw,  in  disseminated  tuberculosis  of  the  anterior 
pprt  of  the  uveal  tract  43  per  cent,  of  cases  recover  with  a varying  amount 
of  vision;  in  9 per  cent,  the  blind  eyes  wTere  retained  and  48  per  cent,  wrere 
enucleated.  In  cases  of  tubercular  granulation  tumor  89  per  cent,  ended  in 
enucleation,  G per  cent,  in  blindness,  and  5 per  cent,  in  recovery.  The 
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mixed  form  furnished  29  per  cent,  of  recoveries,  14  per  cent,  of  blindness, 
and  57  per  cent,  of  total  loss. 

In  serous  iritis  due  to  sympathetic  ophthalmitis  the  prognosis  is  very 
grave.  Iritis  following  ulcers  of  the  cornea  is  a serious  condition,  and  is 
discussed  in  the  chapter  on  “Diseases  of  the  Cornea.”  If  seen  early  and 
properly  treated,  the  great  majority  of  cases  of  idiopathic  iritis  will  give 
satisfactory  results.  The  occurrence  of  a pronounced  cyclitis  and  chorioiditis 
adds  much  to  the  gravity  of  the  prognosis.  Post-iritic  glaucoma  is  a for- 
midable condition  which  often  produces  symptoms  demanding  enucleation 
of  the  eye. 

Treatment. — The  sovereign  remedy  for  iritis  is  the  strongest  myd- 
riatic that  the  patient  can  bear.  A solution  of  atropin  (1-per-cent,  strength) 
or  of  scopolamin  (V5  of  1-per-cent,  strength)  will  break  up  the  adhesions 
when  used  early  in  the  case,  and  relief  of  pain  and  hyperemia  will  follow 
this  treatment.  Scopolamin  is  particularly  valuable  in  the  parenchymatous 
and  traumatic  forms  of  iridal  inflammation,  flhe  mydriatic  should  be  used 
three  or  four  times  a day  for  the  first  week  or  ten  days,  after  which  period 
it  will  suffice  to  use  it  once  a day.  The  manner  of  making  the  instillation 
is  of  importance.  The  solution  should  be  gently  warmed  and  dropped  on 
to  the  upper  middle  part  of  the  sclera  while  the  eye  is  directed  downward, 
thus  causing  the  solution  to  float  over  the  cornea  and  promoting  absorption. 
In  delicate  nervous  individuals,  and  particularly  in  females  and  children, 
care  must  be  taken  not  to  produce  the  toxic  effect  of  the  drug.  Of  the 
two  mydriatics  mentioned,  scopolamin  is  the  more  powerful  and  the  moi 
likely  to  cause,  toxic  symptoms.  It  is  advisable  either  to  compress  i;ht 
puneta  while  using  the  drops  or  to  have  the  patient  incline  his  ieaa  in 
such  a direction  that  the  medicine  will  flow  toward  the  outer  canthu*.  In 
case  the  atropin  solution  causes  conjunctivitis,  eczema  of  the  lido,  and  toxic 
symptoms,  the  alkaloid  can  be  used  in  the  form  of  an  ointment  (atropin, 
gr.  iv;  cocain,  gr.  v j ; vaselin,  5j),  or  one  of  the  ophthalmic  discs  contain- 
ing atropin  and  cocain  can  be  placed  under  the  lower  eyelid  and  be  permitted 
to  dissolve.  The  latter  method  is  clean  and  efficient. 

Dionin  aids  the  mydriatic  action  of  atrorin,  Hastens  absorption  of 
pupillary  exudations,  diminishes  intra-oculir  ttnsion,  and  relieves  pain. 
The  following  collyrium  may  be  used : — 

B Dionin  Grains  v-viij. 

Cocain “ v-viij. 

Atropin  “ 

Water  &ss* 

M.  Sig.:  One  drop  to  le  placed  in  the  affected  eye  three  to  five  times  a day. 

Unfortunately  it  often  occurs  that  patients  come  after  adhesions  have 
bound  the  iris  to  the  lens-capsule.  An  attempt  must  be  made  to  secure 
dilation  of  the  pupd  and  this  will  necessitate  the  forced  use  of  mydriatics 
with  the  simultaneous  internal  administration  of  considerable  amounts  of 
mercury.  Absolution  of  the  mydriatic  will  be  facilitated  by  the  previous 
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local  use  of  a few  drops  of  adrenalin  solution  (1  to  5000),  or  by  the  em- 
ployment of  coeain  simultaneously  with  the  mydriatic.  Then,  by  dropping 
the  scopolamin  or  atropin  solution  on  to  the  outer  part  of  the  cornea  at 
proper  intervals,  the  puncta  being  compressed  and  the  constitutional  symp- 
toms carefully  watched,  the  maximum  effect  of  the  mydriatic  may  be  ob- 
tained. Even  if  full  dilation  is  not  secured,  there  may  be  sufficient  enlarge- 
ment of  the  pupil  to  permit  the  normal  flow  of  the  aqueous  humor.  Ener- 
getic diaphoresis  (hypodermatic  use  of  pilocarpin)  assists  the  absorption 
of  exudate  and  lessens  the  inflammatory  symptoms.  In  case  dilation  can- 
not be  secured  within  four  or  five  days,  or  if  there  is  increase  of  tension 
and  much  dimness  of  vision,  an  iridectomy  may  be  performed  (Bronner, 
Eox).  In  gonorrheal  iritis  atropin  is  to  be  used.  Injections  of  anti- 
gonococcic  serum  may  be  tried  in  obstinate  cases.  To  patients  who  cannot 
take  mercury,  oleum  terebintliinse  rectificatum  should  be  given.  The 
salicylates  (of  strontium  or  of  sodium),  aspirin,  wine  of  colcliicum,  potas- 
sium iodid  and  quinin  are  approved  remedies  in  rheumatic  iritis. 

The  patient’s  general  condition  must  be  carefully  studied,  and  here 
the  family  physician  and  the  ophthalmologist  should  work  togeUei  1 ; is 
of  importance  that  any  constitutional  vice  should  be  recognized  and  created. 
Search  should  be  made  for  syphilis,  rheumatism,  gout,  msua-ia,  diabetes, 
and  tuberculosis.  In  diabetic  and  rheumatic  iritis  great  benefit  follows  the 
use  of  large  doses  of  salicylate  of  sodium.  In  gummctcus  iritis  huge  doses 
of  iodid  of  potassium  are  often  required.  Salvarsan  injected  intravenously 
in  repeated  small  doses  has  been  used  recent1/  will-  benefit  in  syphilitic 
iritis.  Attention  should  be  directed  to  the  conu'tiej.  0f  the  intestinal  tract. 
It  is  a common  observation  that  patients  wUi  iritis  feel  much  better  after 
the  intestinal  tract  has  been  evacuated.  In  case  no  dyscrasia  can  be  dis- 
covered, the  internal  use  of  mercury  und  iodids  is  not  the  less  advisable. 


A favorite  prescription  is: — 

R Hydrarg.  biniodidi  Grain  %. 

Potassii  iodidi 3vj# 

Tinct.  aurantii  cort  3j. 

Syr.  aurantii  cort  £ij# 

Aqu®  ad  Siv. 


M.  Sig. : One  teacj.oonful  to  be  taken  after  meals.  Shake  well. 

Hot-air  baths  cie  of  use  in  hastening  the  absorption  of  the  inflam- 
matory produc  s.  The  condition  of  the  nose  and  throat  should  be  inves- 
tigated. Ii  the  patient  has  a “cold,”  or  is  suffering  with  chronic 
hypertrophic  rhinitis,  great  benefit  will  follow  the  proper  treatment  of  these 
conditions.  The  patient  should  be  given  a pair  of  dark  glasses  to  protect  the 
eye*  and,  as  soon  as  the  acute  symptoms  have  subsided,  should  be  ordered 
'o  tet  out  of  doors  every  day.  Under  no  circumstances  should  the  inflamed 
eye  be  bandaged,  except  in  traumatic  iritis.  In  case  no  constitutional 
dyscrasia  can  be  detected,  the  internal  use  of  laxatives,  salines,  and  mer- 
curials will  still  be  beneficial.  Often  in  anemic  subjects  the  administration 
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of  quinin  or  Warburgs  tincture  will  be  advantageous.  Stimulants  are 
generally  out  of  order  in  iritis. 

Pain,  during  the  acute  period,  may  call  for  the  internal  administration 
of  chloral  or  the  hypodermic  injection  of  morphin  after  the  local  use  of 
dry  heat  has  failed.  A convenient  method  of  applying  dry  heat  is  the  use 
of  the  Japanese  hot  box.  A valuable  remedy  for  pain  is  hyoscin  (gr.  Vioo 
at  bedtime).  Recently  dionin,  in' 5-per-cent,  strength  solution,  has  been 
successfully  employed  to  relieve  the  pain  of  iritis.  The  use  of  clothes  wrung 
out  of  boiling  hot  water,  applied  to  the  eyelids  for  a few  seconds,  is  often 
acceptable.  The  use  of  leeches,  ointments,  blisters,  poultices,  and  setons  is 
valueless  and  in  some  cases  is  positively  harmful.  Desmarres’s  depletion 
— i.e.j  the  section  of  a subconjunctival  vessel,  which  is  permitted  to  bleed 
freely — often  will  relieve  pain  and  check  the  advance  of  the  inflammation. 
If  pain  is  severe  and  the  tension  is  increased,  paracentesis  of  the  anterior 
chamber  should  be  done,  removing  2 or  3 drops  of  aqueous  humor.  This 
little  operation  gives  relief,  and  can  be  repeated  every  other  day  until  pain* 
and  tension  are  diminished.  Paracentesis  is  to  be  done  under  holocain 
anesthesia ; the  puncture  is  to  be  made  with  the  von  Graefe  cataract-knife, 
the  back  of  the  blade  being  placed  toward  the  iris,  or  the  stop-keratome 
can  be  used.  The  use  of  cocciin  as  a routine  practice  in  iritis  is  not  to  be 
advised.  The  mydriatic  must  be  continued  until  all  signs  of  redness  have 
disappeared.  It  is  important  that  the  patient  should  not  apply  himself 
to  any  near  work  until  several  weeks  after  he  is  entirely  well,  since  too  early 
use  of  the  accommodation  may  cause  a recurrence  of  the  inflammation. 

In  iritis  produced  by  infectious  diseases  atropin  locally  and  the  proper 
internal  treatment  must  be  employed.  Often  in  these  rare  cases  tl  e us?  of 
quinin  and  stimulants  will  be  necessary. 

After  pain  and  redness  have  disappeared  the  surgeon  should  note  the 
damage  done  by  the  disease.  If  adhesions  have  shut  off  the  anierior  from 
the  posterior  chamber,  an  immediate  iridectomy  should  K made.  It  will 
give  a good  result  provided  the  ciliary  body  and  retina  are  intact.  In 
recurrent  iritis,  with  numerous  adhesions,  an  irhlori'uny  should  be  made 
between  the  attacks  and  will  often  prevent  recurrences,  provided  the  general 
system  is  cared  for.  If  the  pupil  is  blocked  by  exudation  interfering  with 
vision,  an  optical  iridectomy  is  of  value. 

Before  resorting  to  an  excision  of  the  iris  for  extensive  adhesions  fol- 
lowing iritis,  the  surgeon  should  determine,  as  far  as  possible,  the  condition 
of  the  deep  parts  of  the  eye,  the  icnity  of  vision,  the  effect  of  mydriatics 
upon  the  iris,  and  the  condition  of  this  membrane.  If  the  iris  is  atrophic 
or  the  vision  is  greatly  reduced,  the  effect  of  an  iridectomy  will  be  slight 
or  nil.  The  excision  of  a^  i trophic  iris  is  a difficult  matter.  If  the  tension 
of  the  eye  is  subnorm&h  is  probable  that  no  good  will  follow  the  iridec- 
tomy. On  the  other  hand,  increased  tension  remaining  after  recovery  from 
acute  iritis  rendm."  iridectomy  imperative,  and  here  the  operation  is  often 
followed  by  bri  ln^it  results.  When  only  the  pupillary  margin  is  attached, 
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an  iridectomy  can  be  made  easily;  while  if  the  whole  iris  is  bound  down 
to  the  capsule,  the  excision  is  difficult.  After  completing  the  operation  the 
surgeon  may  find  that  he  has  removed  only  the  anterior  layers  of  the  iris, 
while  the  pigment  layer  remains  attached  to  the  capsule.  In  such  cases  it 
is  often  necessary  to  extract  the  lens,  together  with  a large  part  of  the  iris, 
to  get  results.  Even  under  the  most  skillful  manipulation  some  of  these 
cases  will  go  to  destruction,  either  by  hemorrhage  during  or  following  the 
operation,  by  infection,  or  by  iridocyclitis. 

Where  only  few  posterior  synechiae  are  present,  they  do  not  call  for 
treatment.  It  has  been  held  that  their  presence  tends  to  produce  relapses; 
this,  however,  is  doubtful  since  every  ophthalmic  surgeon  has  met  with 
patients  presenting  extensive  posterior  synechiae,  who  for  many  years  re- 
mained free  from  a second  attack  of  iritis. 

The  operation  for  detaching  such  adhesions  (corelysis),  so  often  prac- 
ticed by  the  older  ophthalmologists,  is  now  obsolete.  The  condition  of  the 
refraction  after  iritis  demands  attention.  During  the  attack  the  emmetropic 


Fig.  270. — Iridodialysis.  (Df  BevK.' 


eye  becomes  myopic,  the  hypermetropic  less  so,  and  the  myopic  eye  more 
myopic.  This  condition  gradually  disapp^an  and  the  refraction  returns  to 
its  original  state.  On  account  . of  the  existence  of  this  transient  myopia  it 
will  be  advisable  to  test  the  refraction  several  times  during  the  year  follow- 
ing recovery  from  iritis. 

Treatment  of  Uveite,—  If  the  form  of  inflammation  which  Grand- 
clement  has  described  under  the  name  uveite  irienne  atropin  is  of  little 
value.  Such  cases  she  aid  be  treated  by  iridectomy. 

INJURIES  OF  THE  IRIS. 

On  account  uf  its  protected  position  the  iris  rarely  suffers  from  trauma 
without  other  tissues  being  involved.  However,  it  may  happen  that  the 
injury  of  the  iris  is  of  greater  moment  than  is  that  of  other  parts. 

Iridodialysis,  the  most  common  of  these  conditions,  is  a tearing  of  the 
iris  f”om  che  ciliary  body.  It  often  follows  lacerated  wounds  and  contusions, 
or  may  occur  during  operations  on  the  iris,  owing  to  unskillful  manipula- 
tion or  to  rebelliousness  of  the  patient.  It  is  always  accompanied  by  hem- 
orrhage into  the  anterior  chamber  (hyphemia).  The  blood  may  conceal 
the  lesion  for  several  days.  The  rupture  may  be  very  minute  or  large ; or 
the  whole  iris  may  be  torn  from  its  attachments  (traumatic  irideremia),  and 
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be  extruded  from  tlie  eye  or  drop  to  tlie  bottom  of  the  anterior  chamber, 
where  it  remains  as  a shriveled,  grayish  mass.  If  the  rupture  is  small, 
vision  is  only  slightly  or  nofat  all  affected;  if  large,  the  patient  will  com- 
plain of  monocular  diplopia  and  dazzling.  This  is  particularly  true  if  the 
rupture  is  not  covered  by  the  upper  lid.  Idiopathic  iridodialysis  may  result 
from  the  growth  of  a tumor  pushing  the  iris  from  its  attachment.  In  trau- 
matic iridodialysis,  under  retinoscopic  examination,  a red  reflex  from  the 
fundus  shows  through  the  rent.  In  iris-detachment,  from  tumor  it  is  a isen 

Treatment. — The  eye  should  he  protected  from  bright  light  and  at- 
ropin  should  be  frequently  instilled.  It  has  happened  a few  times  that  the 
iris  has  become  reattached  under  this  treatment.  If  the  laceration  is  ex- 
tensive, the  operation  known  as  iridenkleisis,  which  is  advised  by  Eugene 
Smith,’  of  Detroit,  can  be  performed.  In  this  procedure  the  cornea  is 
opened  with  a keratome  and  the  tom  iris  is  dragged  into  the  wound  and  held 
in  situ  between  the  lips  of  the  incision.  Smith  states  that  this  operation 

will  not  cause  sympathetic  ophthalmitis.  . . 

Anteversion  of  the  Iris  may  follow  iridodialysis,  the  iris  being  t\viste 
upon  itself  so  that  the  pigment  layer  shows  in  front.  The  treatment  is  rest 

and  atropin.  . _ . . 

Laceration  of  the  Sphincter  of  the  Iris  (Radiating  Laceration)  is  a 

common  result  of  contusion.  The  tear  is  usually  small,  and  is  discovered 
only  by  the  most  careful  examination.  These  small  tears  are  the  cause  ot 
many  cases  of  traumatic  mydriasis.  Large  lacerations  may  extend  to  the 
ciliary  body.  They  are  rarely  met  with.  There  is  no  particular  treatment 
for  this  condition.  Atropin  makes  the  tear  gape,  and  therefore  should  not 

be  used.  , , , 

Inversion  of  the  Iris  is  a rare  condition  due  to  trauma,  i nd  ixaS  not 

been  satisfactorily  explained  as  to  its  mechanics.  The  iris  is  turned  bank- 
ward  and  is  doubled  upon  the  ciilary  body.  The  condition  may  be  partial  or 
complete.  There  is  often  an  accompanying  dislocation  of  the  lens,  and 
with  it  hemorrhage  into  the  aqueous  and  vitreous  '’banners.  Where  the 
condition  is  total,  absolutely  no  iris  is  to  be  seen.  Ti  ° treatment  is  entirely 
symptomatic.  After  the  eye  has  become  quiet  attention  should  be  directed 

to  the  refraction. 

Traumatic  Irideremia.— Total  loss  of  the  iris,  the  other  ocular  struc- 
tures remaining  intact,  is  an  extremely  r<oe  condition,  of  which  two  exam- 
ples have  been  recorded  by  de  Beck.  Both  cases  sustained  blows  producing 
rupture  of  the  cornea  and  extrusion  of  the  iris  without  injury  to  the  lens. 

Prolapse  of  the  Iris.— After  accidental  injury,  or  following  a cataract 
extraction,  the  iris  may  proti  .me  through,  or  be  caught  in,  the  lips  of  a cor- 
neal wound.  The  diagnosis  of  iris-prolapse  is  easily  made  by  inspection. 

Treatment.— It  the  prolapse  follows  an  accident,  the  surgeon  may 
either  attempt  to  replace  the  prolapsed  portion  or  excise  it.  The  former 
method,  which  if  condemned  because  of  the  danger  of  infecting  the  eye, 
is  accomplished  by  gently  pushing  the  iris  back  into  place  with  a clean 
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spatula,  after  the  conjunctiva  has  been  cocainized  and  flushed  with  a solu- 
tion of  mercuric  bichlorid  or  other  antiseptic.  After  replacement  a miotic 
is  to  be  used  three  times  a day  for  two  or  three  days.  Prolapse  of  the  iris 
occurring  after  a cataract  extraction  should  he  treated  by  excision  (iridec- 
tomy) when  the  condition  is  observed  early.  If  it  is  noticed  after  firm 
adhesions  have  formed,  it  should  not  be  interfered  with. 

Foreign  Bodies  occasionally  rest  in  contact  with  the  iris  after  perfo- 
rating the  cornea.  They  may  move  with  the  movements  of  the  eve  or  may 
remain  imbedded  in  the  stroma  of  the  iris.  They  are  necessarily  of  diversi- 
fied character,  including  fragments  of  iron,  steel,  guncaps,  pieces  of  glass, 
grains  of  powder,  etc.  A rare  condition  is  the  transference  of  a cilimn  into 
the  iris.  A piece  of  steel  or  stone  may  rest  in  contact  with  the  iris  for  a 
long  period  before  causing  inflammatory  symptoms,  but  pieces  of  copper, 
even  if  aseptic,  cause  inflammation  by  chemic  action.  The  detection  of 
foreign  bodies  in  contact  with  the  iris  is  not  difficult,  provided  the  anterior 
chamber  is  not  filled  with  blood  or  exudate. 

Treatment. — Foreign  bodies  which  are  freely  movable  are  to  be  ex- 
tracted through  a broad  corneal  section.  Often  the  substance  will  be  carried 
out  by  a gush  of  aqueous  humor;  if  not,  it  can  be  drawn  out  t v s magnet 
or  seized  with  forceps.  If  the  body  is  lodged  in  the  iris,  it  '"in  he  removed 
by  an  iridectomy.  Particles  of  powder,  when  driven  into  the  iris,  should 
be  permitted  to  remain  and  the  eye  should  be  treated  with  a .ropin.  Sidero- 
sis  may  follow  the  prolonged  lodgment  of  pieces  of  i oc  or  steel  in  the  iris. 


MOTOR  DISTURBANCES  OF  l.IL:  IRIS. 

The  movements  of  the  iris  are  indiea  :ea  by  change  in  the  size  of  the 
pupil.  Permanent  dilation  ( mydriasis ) and  contraction  ( miosis ) and  dis- 
turbances of  pupillary  reaction  lmve  been  mentioned  in  Chapter  IV. 
HippuSj  a clonic  spasm  of  the  sphincter  pupillse,  characterized  by  constant 
changes  in  the  size  of  the  pupil,  i.  found  in  some  cases  of  hysteria,  epilepsy, 
neurasthenia,  eerebro-spinal  sclerosis;  disseminated  sclerosis,  brain  tumor, 
beginning  cataract,  and  in  the  early  stage  of  acute  meningitis.  It  may 
be  present  in  normal  individuals. 

Iridodonesis,  tremulousness  of  the  iris  on  movement  of  the  globe,  shows 
a lack  of  support,  and,  while  not  a functional  motor  disturbance  of  the 
iris,  will  be  mentioned  in  this  place.  It  is  often  seen  after  simple  extraction 
of  cataract.  It  exists  in  cases  where  the  lens  is  present,  but  is  shrunken  or 
luxated  ; in  mses  of  fluid  vitreous;  in  persons  with  a high  amount  of  myopia; 
in  some  nystagmatic  eyes ; and  sometimes  follows  slight  blows  upon  the  eye. 
In  J>e  last-named  cases,  if  the  lens  is  not  partly  dislocated,  there  is  prob- 
ably a rapture  of  some  of  the  fibres  of  the  zonula,  establishing  a communica- 
tion between  the  posterior  and  vitreous  chambers.  There  is  no  treatment 
tor  this  condition. 
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CHANGES  IN  THE  ANTERIOR  CHAMBER. 

Depth. — The  anterior  chamber  is  deepened  in  the  myopic  and  shallowed 
in  the  hypermetropic  eye.  Its  depth  in  the  normal  eye  varies,  becoming 
less  in  accommodation  owing  to  the  forward  movement  of  the  anterior  sur- 
face of  the  lens.  It  is  lessened  in  infancy  and  in  old  age.  Pathologically 
the  chamber  is  shallowed  in  traumatic  cataract  as  well  as  in  a stage  of  ordi- 
nary senile  cataract.  In  glaucoma,  particularly  in  the  acute  inflammatory 
type  of  the  disease,  it  is  of  less  than  normal  depth.  Intra-ocular  tumors 
cause  a shallowing.  In  some  old  cases  of  inflammation  of  the  uveal  tract, 
with  detachment  of  the  retina,  there  is  a lessened  secretion  of  aqueous  humor 
and  a shallowing  of  the  chamber.  In  iritis  with  the  formation  of  circular 
synecliiae  the  chamber  becomes  shallow. 

Contents. — In  iritis,  iridocyclitis,  and  keratitis  punctata  the  aqueous 
humor  becomes  turbid.  In  glaucoma  it  is  turbid  and  contains  a greater  per- 
centage of  solids  than  under  normal  conditions.  Hypopyon,  a collection  of 
leucocytes  and  fibrin,  is  often  seen  in  ulcers  of  the  cornea  and  in  violent 
attacks  of  iritis  and  iridocyclitis.  Hyphemia,  a collection  of  blood  in  the 
anterior  chamber,  is  often  seen  after  injuries,  both  accidental  and  operative. 
It  occurs  idiopathically  in  severe  cases  of  iridocyclitis,  in  hemorrhagic 
glaucoma,  in  hemophilia,  splenic  leucocythemia,  and  in  intra-ocular 
neoplasms.  Dislocation  of  the  lens  into  the  anterior  chamber  may  occur. 
Cilia  are  rarely  carried  into  it  through  corneal  wounds.  The  lodgment 
of  such  foreign  bodies  as  pieces  of  iron,  steel,  copper,  or  stone  often  occurs. 
Parasites  which  have  been  found  in  this  locality  are  cysticercus  and  filaria. 

OPERATIONS  ON  THE  IRIS. 

Of  the  numerous  operations  which  have  been  devised  ard  oerformed 
upon  the  iris,  few  are  at  present  considered  of  value.  They  are  iridectomy, 
iridotomy,  and  iridocystectomy.  Corelysis,  or  the  tearing  of  posterior 
synechiae,  and  iridodesis — the  tying  of  a piece  of  iris  m.tside  a corneal 
wound — have  justly  been  abandoned  by  reason  o;  ihoir  producing  sympa- 
thetic ophthalmitis.  Irido-enkleisis,  Hoi  til’s  opei  irion,  is  of  recent  date 
and  is  on  trial. 

Iridectomy. — This  is  an  excision  of  a piece  of  the  iris.  It  may  be 
done  for  an  optical  or  for  a therapeutic  ourpose.  In  the  former,  a com- 
paratively small  piece  of  the  iris  is  gei  erally  excised,  while  a therapeutic 
iridectomy  requires  the  removal  of  about  one-fifth  of  the  membrane. 

Optical  Iridectomy. — This  operation  is  indicated  in  the  following 
conditions:  (1)  in  obstruction  or  occlusion  of  the  pupil,  (2)  in  central 
comeal  and  lenticular  opacities,  and  (3)  in  high  degrees  of  keratoconus. 

Therapeutic  Iriaectcmy  is  indicated:  (1)  in  glaucoma;  (2)  as 
preliminary  to  cataract  extraction;  (3)  in  prolapse  of  the  iris;  (4)  to 
remove  tumors,  parasites,  or  foreign  bodies  from  the  iris;  (5)  in  chronic 
iritis;  (6)  to  .lasixm  maturation  of  cataract;  (7)  in  corneal  fistula;  (8) 
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in  adherent  lencoma  and  partial  staphyloma,  and  (9)  in  the  treatment  of 
certain  corneal  ulcers  which  threaten  perforation. 

The  required  instruments  are  speculum,  fixation  forceps,  angular  kera- 
tome,  iris-forceps,  scissors,  and  spatula.  If  the  operation  is  to  be  done  upon 
an  aphakic  eye,  a blunt  iris-hook  will  be  needed.  While  an  optical  iridec- 


Fig.  271. — First  step  in  the  operation  of  iridectomy.  (Author.) 

tomy  may  often  be  done  under  local  anesthesia,  a therapeutic  iridectomy 
usually  requires  general  anesthesia.  In  children,  nervous  individuals,  and 
insane  patients  chloroform  or  ether  should  be  used.  A a miotic  has  been 
used  in  the  treatment  of  the  case,  it  should  Se  v ithdrawn  several  hours 
before  iridectomy  is  attempted.  The  author  has  seen  iridodialysis  from 


?72. — Second  step  in  the  operation  of  iridectomy.  (Author.) 

an  of  empt  to  make  an  iridectomy  in  a case  in  which  the  miotic  was  not 
istominued.  The  steps  in  an  iridectomy  are  three:  (1)  opening  of  the 
anterior  chamber;  (2)  the  seizure,  withdrawal,  and  excision  of  the  iris; 
and  (3)  the  toilet  of  the  wound. 

Execution  of  Iridectomy.— The  field  of  operation  should  he  cleansed. 
The  patient  reclining  on  an  operating-table  with  the  speculum  in  situ , the 
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surgeon  seizes  the  globe  with  the  fixation  forceps,  placed  usually  below,  while 
the  iridectomy  is  to  be  made  above.  If,  however,  the  case  is  one  of  threat- 
ened corneal  perforation  from  an  ulcer  or  a recent  wound,  it  will'  be  inad- 
visable to  subject  the  globe  to  such  pressure  as  will  obtain  if  the  instruments 
are  placed  as  described  above.  In  such  an  event  it  will  be  wise  for  the  sur- 
geon to  seize  the  ocular  conjunctiva  eight  or  ten  millimetres  behind  the 
corneoscleral  junction,  while  the  keratome  is  passed  in  front. 

1:  The  Incision . — The  keratome  is  to  be  passed  through  the  cornea 
with  a curved  movement.  At  first  the  keratome  is  placed  against  the  cornea 
at  an  angle  of  about  60  degrees;  as  soon  as  the  point  of  the  instrument  is 
seen  in  the  anterior  chamber  its  direction  is  changed  so  that  the  point  is 
directed  forward,  thus  avoiding  injury  to  the  iris,  capsule,  and  lens.  The 
keratome  is  gently  pushed  forward  until  an  opening  of  sufficient  size  has 
been  made.  The  instrument  is  then  to  be  withdrawn  slowly,  to  avoid  the 


Fig.  273. — Third  step  in  the  operation  of  iridectomy.  (Author.) 

sudden  escape  of  aqueous  humor  and  rapid  reduction  of  intri-ocular  ten- 
sion. “Perhaps  the  best  idea  of  the  action  of  the  knifp  (keratome)  is 
obtained  by  keeping  in  mind  ArlPs  direction,  that  it  is  to  be  employed  as 
a curved  needle”  (Norris  and  Oliver). 

2.  Withdrawal  and  Cutting  of  the  7ns. — -Light.  T,Tell-made,  curved  or 
angular  iris-forceps,  whose  blades  fit  accurately,  axe  introduced;  the  iris  is 
seized  near  the  pupillary  margin  and  is  gently  drawn  out  of  the  wound. 
Undue  traction  on  the  forceps  must  be  avoided.  Cutting  of  the  iris  is  then 
done  with  a pair  of  ordinary  iris-scissox's,  Ox  as  the  author  prefers,  with  the 
pince-ciseaux  of  de  Wecker. 

3.  Replacement  of  the  Iris-angles  is  done  by  gent'e  strokes  with  the 
spatula. 

In  iridectomy  for  glaucoma  the  keratome  is  passed,  not  through  the 
cornea,  but  through  the  solera,  one  or  two  millimetres  behind  the  cornea. 
The  iris  is  withdrawn,  "ui  at  one  end,  then  at  the  other,  and  finally  at  the 
base,  care  being  tak^n  to  remove  it  far  back  to  the  periphery.  The  angles 
are  then  replaced  cs  described  above. 

An  iridect;  my  which  is  made  preliminary  to  a cataract  extraction  will 
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require  the  excision  of  only  a small  amount  of  tissue.  Many  surgeons 
remove  only  a minute  piece  adjacent  to  the  pupillary  border  ( sphincter ec - 
tomy) . 

The  after-treatment  of  an  eye  subjected  to  iridectomy  is  usually  un- 
eventful. A piece  of  aseptic  gauze  is  placed  over  both  eyes,  which,  are 
bandaged.  The  dressing  is  changed  daily,  and  for  a few  days  a drop  or 
two  of  atropin  solution  will  be  instilled  to  prevent  adhesions.  If  the  iridec- 
tomy has  been  made  for  glaucoma,  the  atropin  is  used  once  only:  i.e.,  at 
the  first  dressing.  One  such  application  will  prevent  adhesions,  and  will  not 
cause  increase  of  tension. 

Accidents  during  Iridectomy. — Among  the  accidents  which  may 
occur  during  an  iridectomy  are:  (1)  the  passage  of  the  keratome  between 
the  corneal  layers;  (2)  spitting  of  the  iris ; (3)  detachment  (iridodialysis)  ; 
(4)  failure  to  excise  the  pupillary  margin,  thus  leaving  the  sphincter  in- 
tact; (5)  injury  to  the  anterior  capsule  of  the  lens;  (6)  rupture  of  the 
zonula  with  or  without  rupture  of  the  hyaloid  membrane;  (7)  dislocation 
of  the  lens,  in  consequence  of  sudden  reduction  of  intra-ocular  Lesion, 
into  the  groove  between  the  root  of  the  iris  and  the  ciliary  pro^ss^s;  (8) 
after  making  the  incision  the  cornea  collapses^  indicating  th  > p -esence  of 
a firm  cicatrix  behind  the  iris  and  lens  and  making  ar.  iridectomy  im- 
possible; (9)  the  incision  may  be  too  small  to  permit  tV  introduction  of 
the  iris-forceps;  (10)  leaving  the  uveal  lining  whij/h  adheres  to  the  an- 
terior capsule  of  the  lens;  (11)  hemorrhage  into  Gie  anterior  chamber. 

Iridectomy  in  *€ase  of  Obliteration  >f  i he  Anterior  Chamber. 
— Gayet’s  Method  is  as  follows:  After  fix'ng  the  eye  with  the  double  fixa- 
tion forceps  a minute  incision  is  made  into  the  periphery  of  the  anterior 
chamber  with  the  ordinary  scarificator,  b}  sawing  movements,  enlarging  the 
incision  with  blunt  scissors.  Harlan  used  this  method  in  a case  of  chronic 
iritis  with  increased  intra-ocular  tension.  The  pupil  was  completely  ad- 
herent at  its  margin,  while  the  iris  +ombe  lay  directly  against  the  cornea. 
It  would  have  been  impossible  xo  make  an  incision  with  the  keratome  or 
von  Graefe  knife  without  injury  to  the  iris  and  possibly  to  the  lens.  He 
has  found  the  narrow r Wt  her  canaliculus  knife  useful  in  enlarging  the  in- 
cision, its  probe-point  passing  readily  between  the  iris  and  cornea. 

Deschamps ’<?  Method. — In  aphakial  eyes,  with  obliteration  of  the  ante- 
rior chamber,  the  iris  lies  against  the  comea,  and  the  making  of  an  iridec- 
tomy by  the  ordinary  procedure  or  by  Gayetfs  method  will  be  practically 
impossible.  In  such  cases  Deschamps  passes  a cataract-knife  at  the  corneal 
limbiu  through  the  iris  and  into  the  vitreous  humor.  The  instrument  is 
made  to  emerge  at  a point  four  or  five  millimetres  away  and  the  intervening 
tissues  are  cut.  The  iris  is  then  seized  with  forceps  from  behind.  It  is 
separated  from  the  cornea,  drawn  out  through  the  wound,  and  a piece  is 
excised. 

Transfixion  of  the  Iris. — In  cases  of  iris  bombe  an  operation  which 
gives  excellent  results  is  the  transfixion  procedure.  A very  narrow  von 
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Graefe  cataract-knife  is  passed  through  the  cornea  and  bulging  iris  and 
withdrawn.  The  cut  establishes  a communication  between  the  anterior  and 
posterior  chambers.  At  the  same  time  retraction  of  the  distended  membrane 
practically  forms  a new  pupil. 

Iridenkleisis. — This  operation,  which  was  devised  by  Eugene  Smith, 
of  Detroit,  is  employed  for  the  relief  of  iridodialysis,  A keratome  is  passed 
somewhat  obliquely  through  the  cornea  at  a point  in  front  of  the  detached 
portion  of  the  iris.  The  torn  edge  of  the  iris  is  seized  by  means  of  iris-for- 
ceps and  a small  piece  of  the  iris  is  drawn  into  the  corneal  wound,  where  it 
is  held  fixed  by  the  compression  of  the  lips  of  the  wound. 

Iridotomy. — This  operation,  sometimes  called  iritomy,  is  an  old  pro- 
cedure which  was  advocated  by  Woolhouse  in  1711,  first  performed  by 
Cheselden  in  1728,  and  revived  in  recent  years  by  de  Wecker.  It  has 
undergone  many  vicissitudes.  At  the  present  day,  however,  it  is  performed 
only  on  cases  where  iridectomy  is  impossible  or  dangerous.  Although  de 
Wecker  sometimes  performs  this  operation  with  the  lens  intact  [ (1)  in 
zonular  cataract,  (2)  central  opacities  of  the  Qomea,  (3)  certain  adherent 
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Fig.  274. — Ziegler’s  V-sliaped  iridotomy. 

A,  Plan  of  first  incision.  B,  First  incision  completed.  Plan 
of  second  incision.  C,  Result. 


leucomas,  and  (4)  subluxation  and  luxation  of  the  lens],  among  Aim  nee  a 
and  English  surgeons  its  use  is  limited  to  cases  in  which,  after  removal  of 
the  lens,  an  adherent  pupil  exists.  Formerly  a broad  needle  o’  citaract- 
knife  was  passed  into  the  anterior  chamber  and  the  iris  (and  tissues  adherent 
to  its  posterior  surface)  was  incised,  the  direction  of  the  lmision  being 
across  the  iris-fibres.  Contraction  of  the  lips  of  the  wound  served  to  keep 
the  artificial  pupil  open. 

Ziegler's  V-shaped  Iridotomy  (Fig.  274),  wh'ch  is  made  with  a mod- 
ified Hays  knife-needle,  gives  excellent  results  The  instrument  is  passed 
flatwise  through  the  corneo-scleral  junction  across  the  anterior  chamber; 
the  knife  is  swung  3 millimetres  to  the  left,  jdge  is  turned  toward  the  iris, 
which  is  pierced;  with  a gentle  sawing  mo/ement  the  iris-tissue  is  severed. 
Similarly,  another  incision  is  made  without  removing  the  knife-needle  from 
the  anterior  chamber.  The  second  Incision  ends  slightly  within  the  ex- 
tremity of  the  first  one,  thus  sevei  *ng  the  last  strands  of  iris  and  membrane, 
permitting  the  Y-shaped  flap  contract.  The  results  of  the  older  methods 
of  iridotomy  were  often  unsatisfactory,  leading  surgeons  to  adopt  the  fol- 
lowing operation : — 

Iridocapsulotoriy. — This  operation  is  indicated  in  certain  forms  of 
secondary  cataract,  its  object  is  the  creation  of  an  artificial  pupil  without 
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excision  of  the  iris.  The  necessary  instruments  are  speculum,  fixation 
forceps,  keratome,  one  narrow  von  Graefe  knife,  and  the  pince-ciseaux  of 
de  Wecker,  of  which  one  blade  is  sharp  and  the  other  blunt.  The  speculum 
being  in  position  and  the  eyeball  fixed,  the  surgeon  passes  the  keratome 
through  the  cornea  at  a point  one  millimetre  from  the  corneal  limbus. 
The  exact  location  of  the  corneal  incision  will  depend  upon  the  direction 
in  which  the  thickened  iris  and  lens-capsule  are  drawn.  If  the  condition 


Fig.  275.  Instruments  used  in  operations  on  the  iris.  (Author.) 

1,  Angular  keratoire.  2,  Fixation  forceps.  3,  Angular  iris-forceps.  4,  Blunt  hook. 
5,  Pince-ciseaiis  of  de  Wecker.  6,  Spatula.  The  speculum  has  been  omitted. 


demanding  this  operation  has  followed  a cataract  operation,  in  which  the 
upper  corneal  section  was  made,  the  keratotomy  for  the  operation  of  irido- 
capsulotomy  will  be  placed  at  the  temporal  end  of  the  horizontal  diameter  of 
the  coinea.  The  keratome  is  quickly  withdrawn  and  the  pince-ciseaux,  with 
blades  c.osed,  is  passed  into  the  anterior  chamber.  The  sharp  blade  is  made 
to  pierce  the  iris  and  lens-capsule,  at  a point  two  or  three  millimetres  within 
tne  limbus.  The  instrument  having  been  passed  toward  the  nasal  side,  the 
blades  are  quickly  closed,  thus  cutting  the  obstructing  tissues  (Fig.  276), 
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which,  if  elastic,  will  retract  and  thus  leave  the  desired  pupillary  opening. 
There  are  several  modifications  of  this  operation.  If  the  pupil  is  drawn 
far  upward,  or  is  concealed  by  the  corneal  cicatrix,  the  operation  represented 
by  Fig.  277  will  be  valuable.  A keratome  is  passed  through  the  cornea  and 
also  through  the  iris,  making  an  iridal  incision  ( ci-b ) three  or  four  milli- 
metres in  length.  At  each  extremity  of  this  incision  a cut  ( a-c ; b-d)  is 
made  with  the  pince-ciseaux.  If  the  tissues  are  elastic,  a large  pupillary 
opening  will  result.  If  the  tissues  do  not  retract,  the  procedure  must  be 
changed  into  an  iridocystectomy. 


Fig.  276. — Iridocapsulotomy.  (De  Wecker.) 


Iridocystectomy  (Irido-ectomy). — This  is  an  excision  of  a part  of  the 
iris  and  thickened  posterior  capsule,  and  is  indicated  when,  after  a cataract 
operation  or  a traumatism,  the  pupil  is  closed  by  iridocyclitis  or  iridocap- 
sulitis.  The  required  instruments  are  a speculum,  fixation  forceps,  Beer’s 
cataract-knife  or  a keratome  with  a long  narrow  blade,  Mathieu’s  capsule 
forceps,  and  ordinary  iris-scissors  or  de  Wecker’s  pince-ciseaux. 

De  Wecker’s  Method. — A keratome  is  passed  through  the  cornea  nud 
iris.  From  each  extremity  of  the  iridal  incision  a cut  is  made  wiLh  tie 
pince-ciseaux , thus  excising  a triangular  segment  of  the  obstruct* :ig  mem- 
branes. The  incision  of  tjie  cornea  and  iris  may  be  made  with  the  narrow 


Fig.  277. — Iridocapsulotomy.  <De  Wecker.) 


cataract-knife  of  von  Graefe.  This  is  follow*  d by  an  excision  of  a triangular 
segment  of  the  iris  and  capsule. 

Knapp's  Method. — With  the  Beer  knife  the  surgeon  cuts  through  the 
lower  part  of  the  cornea  (if  the  ^ataract  extraction  was  made  above)  and 
pierces  the  iris  and  adhereni  capsule,  making  a wound  three  and  one-half 
to  four  millimetres  long.  A blunt  hook  is  used  to  draw  the  lower  lip  of 
the  iris  outside  the  wound.  In  some  cases  the  hook  fails  and  the  capsule 
forceps  of  Mathieti  will  be  necessary.  A piece  of  the  iris  and  adherent 
capsule  is  then  cut  c ff,  the  eye  is  bandaged,  and  atropin  is  used  for  a few 
days.  Healing  is  usually  uneventful.  The  visual  results  of  this  operation 
are  generally  excellent. 


CHAPTER  XI. 


DISEASES  OF  THE  CILIARY  BODY. 

The  ciliary  body,  placed  between  the  iris  in  front  and  the  chorioid 
behind,  participates  in  the  diseases  of  these  structures.  This  portion  of 
the  uveal  tract  is  subject  to  congenital  defects,  to  neoplasms,  to  inflamma- 
tions, and  to  injuries. 

Paralysis  and  spasm  of  the  ciliary  muscle  are  discussed  elsewhere 
(Chapter  XX). 


Fig.  278. — Coloboma  of  the  iris  and  iliary  body.  (Bock.) 

Coloboma  of  the  Ciliary  Body  is  a rare  anomaly  which  occurs  either 
in  connection  with  coloboma  of  the  irh  ?md  chorioid  or  alone.  Heretofore 
coloboma  of  the  ciliary  body  has  been  ?,een  only  in  a downward  direction; 
nevertheless  an  anatomic  stud\  o.  t nose  rare  cases  of  iridic  and  chorioidal 
colobomata  occurring  togetbcx,  in  which  the  fissure  is  atypically  directed, 
would  probably  show  a rimilar  condition  of  the  ciliary  body.  Anomalies  of 
this  body  present  many  forms : the  coloboma  may  be  covered  by  a yellow 
mass  consisting  of  a"  enormous  hyperplasia  of  the  non-pigmented  cells  of 
the  pars  ciliaris^  which  may  project  into  the  vitreous  humor;  the  ciliary 
muscle  may  be  inchanged,  while  the  ciliary  processes  show  a pronounced 
cleft;  or  the  ciliary  body  may  be  entirely  wanting  in  the  region  of  an  iris 
coloboma.  It  is  evident  that  the  condition  can  be  recognized  only  when 
an  accompanying  coloboma  of  the  iris  extends  to  the  periphery.  There  is 
no  treatment  for  these  conditions. 

Tumors  of  the  Ciliary  Body. — Neoplasms  originating  in,  and  parasites 
transported  to,  the  iris  are  certain  in  time  to  involve  the  ciliary  body,  which, 
however,  may  be  the  primary  seat  of  a new  growth  or  may  be  involved  bv 
(404) 
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metastasis.  With  the  exception  of  tubercle  and  gumma,  primary  tumors  of 
this  part  of  the  eye  are  very  rare.  Such  a growth  will  cause  iridodialysis, 
increased  intra-ocular  tension,  repeated  hemorrhages  into  the  anterior  cham- 
ber, and  loss  of  the  eye.  By  focal  illumination  the  tutnor  can  sometimes  be 
seen  as  a dark  mass  lying  behind  the  iris.  The  diagnosis  will  be  difficult  if 
the  eye  is  painful  and  hard,  without  the  tumor  presenting.  The  presence 
of  nodules  or  bulging  at  the  ciliary  region  will  show  that  the  neoplasm  is 
about  to  break  out.  The  following  growths  have  been  observed : sarcomata 
of  various  kinds,  myomata  and  fibromyomata,  carcinomata,  and  angio- 
mata. The  prognosis  is  serious,  and  the  proper  treatment  is  enucleation  of 
the  eye  or  exenteration  of  the  orbit.  Calcification  and  ossification  are  rarely 
found  in  this  region.  Parasites  have  been  found  in  the  ciliary  body.  In  a 
few  cases  cysts  have  been  found. 


Fig.  279. — Leucosareoma  of  the  ciliary  body  and  melanosarcoma  of  the  iris. 

( KERSCHB  AUMER. ) 

The  lens  is  displaced  and  behind  it  an  exudative  membrane  is  seen.  The  oi  tic  nerve  shows 
glaucomatous  excavation. 

Gumma  of  the  Ciliary  Body  is  a rare  condition  irp  taring  in  from  one 
to  three  and  one-half  years  after  the  initial  lesion  o 2 syphilis.  The  gum- 
matous tumor  is  preceded  by  an  attack  of  iritis.  The  vision  is  rapidly 
reduced,  the  eye  showing  great  conjunctival  aid  ciliary  injection.  The 
cornea  becomes  hazy,  the  anterior  chamber  deep,  and  hypopyon  is  present. 
A yellowish-red  tumor  is  seen  projecting  from  the  angle  of  the  anterior 
chamber,  and  at  a spot  corresponding  x)  its  site  there  is  a bulging  of  the 
ciliary  region.  This  is  of  a purple  color.  Tension  becomes  increased;  there 
is  great  pain  and  considerable  constitutional  disturbance,  as  shown  by  the 
presence  of  anorexia,  furred  tongue,  insomnia,  and  elevation  of  temperature. 
Other  nodules  appear,  ard  these  develop  into  ciliary  staphylomata,  present- 
ing a bluish-black  coTor,  o^ing  to  the  pigment  showing  through  the  thin 
sclera.  Under  proper  treatment,  which  has  been  instituted  and  continued  for 
several  weeks,  the  ej e becomes  clear,  the  hypopyon  disappears,  and  the  ten- 
sion gradual  diminishes.  Vision  improves,  but  generally  is  not  restored. 
The  staphyloma  may  diminish  in  size,  but  some  bulging  always  remain*. 
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If  the  treatment  is  not  efficacious,  the  eye  becomes  perforated,  or  atrophy 
of  the  globe  may  occur  without  perforation. 

Diagnosis. — This  must  rest  upon  the  history  and  clinical  signs  as 
given  above. 

Prognosis  should  always  be  guarded  in  these  cases.  If  the  patient 
retains  the  globe  intact  and  possesses  vision  equal  to  the  counting  of  fingers 
at  a few  feet,  he  should  be  congratulated.  Stieren,  however,  has  recorded 
a case  of  gumma  of  the  ciliary  body,  with  vision  reduced  to  perception  of 
light,  which  recovered  vision  (6/8)  under  enormous  doses  (100  to  200 
grains,  three  times  a day)  of  potassium  iodid. 

Treatment. — Antisyphilitic  remedies  should  be  pushed  vigorously. 
Locally  atropin  or  scopolamin  drops  must  be  used,  and  the  usual  remedies 
are  to  be  prescribed  for  the  relief  of  pain. 


Fig.  280.— Gumma  of  the  cilia  y t'ody.  (Norris  and  Oliver.) 

Hyperemia  of  the  Ciliary  Body  accompanies  all  forms  of  iritis,  and  it 
is  found  also  in  eye-strain  without  actual  inflammation  being  present. 
Hyperemia  is  shown  by  a feeling  of  discomfort  or  soreness  when  the  eyes 
are  used  for  near  work,  and  by  the  presence  of  slight  ciliary  injection 
and  ciliary  tenderness.  , The  use  of  a mydriatic  or  the  wearing  of  proper 
glasses  will  give  relief. 

INFLAMMATION  OF  THE  CILIARY  BODY. 

Inflammation  of  the  ciliary  body,  known  as  cyclitis,  may  be  idiopathic 
or  traumatic;  acute  or  chronic;  simple  or  complicated.  As  regards  the 
pathologic  process,  it  is  divisible  into  serous,  plastic,  and  purulent  forms. 

Serous  Cyclitis  (Descemetitis;  Aquocapsulitis ; Keratitis  Punctata; 
Serous  Iridocyclitis)  is  frequently  described  under  the  name  of  serous  iritis, 
but  properly  comes  under  the  head  of  this  chapter,  since  Treacher  Collins 
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has  found  that  it  depends  on  pathologic  changes  in  the  glands  of  the  ciliary 
body.  The  disease  presents  the  following 

Symptoms. — The  corneoscleral  region  shows  a delicate  rose-colored 
injection.  The  anterior  chamber  is  of  normal  or  increased  depth.  The 
pupil  is  of  normal  size  or  slightly  dilated.  The  tension  is  slightly  increased 
at  first,  but  diminishes  later.  The  tendency  to  the  formation  of  posterior 
synechias  is  not  so  marked  as  in  iritis.  The  iris  reacts  slowly  to  light. 
Pain  is  rarely  a prominent  symptom.  Exudation  into  the  anterior  chamber 
is  moderate  in  amount,  causing  the  aqueous  and  cornea  to  become  cloudy. 

A deposit  of  opaque  dots,  often  arranged  in  triangular  form  with  the  base 
downward,  appears  on  the  posterior  elastic  lamina  of  the  cornea.  The 
visual  field  may  be  contracted.  A central  scotoma  may  be  present. 

Serous  cyclitis  may  exist  alone,  but  generally  it  is  found  associated 
with  chorioiditis,  interstitial  keratitis,  or  scleritis. 

Etiology. — The  disease  occurs  chiefly  in  ill-nourished,  anemic  young 
persons,  particularly  in  women  suffering  from  uterine  diseases.  According 
to  Horner,  it  is  more  frequent  in  women-  than  in  men  in  the  proportion  of 
10  to  3.  Some  cases  are  undoubtedly  due  to  syphilis,  either  early  or  as  a 
late  manifestation,  while  others  have  been  attributed  to  rheumatism,  gout, 
eyestrain,  or  to  trauma.  A serious  form  of  this  affection  is  caused  by 
sympathetic  ophthalmitis. 

Pathology. — The  investigations  of  Nicati,  in  1891,  showed  in  rabbits 
the  existence  of  glands  in  the  ciliary  body  for  the  secretion  of  aqueous 
humor.  Treacher  Collins,  working  about  the  same  time,  demonstrated 
by  bleached  sections  the  existence  of  similar  glands  in  the  human  eye. 
Serous  cyclitis  is  a catarrhal  inflammation  of  the  ciliary  glands.  Eyneremia 
is  followed  by  increased  secretion  and  deepening  of  the  anterior  chamber. 
The  aqueous  humor  becomes  more  albuminous  than  normally.  A few 
leucocytes,  together  with  pigmented  epithelial  cells  thrown  off  from  the 
surfaces  of  the  glands,  and  shreds  of  fibrin  are  present.  These  solid 
elements  drop  to  the  bottom  of  the  anterior  chamber  und  form  the  dots  of 
so-called  “keratitis  punctata.”  Leucocytes  collect  in  the  ligamentum  pec- 
tinatum  and  hinder  the  egress  of  aqueous,  thus  causing  increased  tension. 
The  turbidity  of  the  aqueous  humor  causes  tne  iris  to  lose  its  lustrous  ap- 
pearance. Severe  cases  may  end  in  involvement  of  the  vitreous  humor  with 
shrinking  of  the  globe  and  development  of  cataract. 

Prognosis. — Except  as  a mm  testation  of  sympathetic  ophthalmitis, 
serous  cyclitis  offers  a favorable  orognosis.  Adhesions  do  not  often  form 
between  the  iris  and  lens-capsule,  but  sometimes  permanent  opacities  sre 
left  in  the  cornea  and  vitreous  humor.  The  disease  runs  a slow  course. 
When  associated  with  marked  fundus  changes  it  may  lead  to  blindness. 

Treatment.-  -The  internal  use  of  mercury  and  potassium  iodid  is  of 
value  in  these  f>a:es  Mercury  used  by  inunction  or  hypodermically  is  an 
efficient  remedy.  If  the  patient  is  anemic,  tonics  are  to  be  employed.  In 
the  cases  du?  to  gout  and  rheumatism,  Turkish  baths,  diuretics,  tonics, 
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and  exercise,  together  with  appropriate  diet,  are  to  be  employed.  As  regards 
local  treatment,  the  use  of  weak  solutions  of  atropin  is  of  value.  If  the 
tension  is  increased,  paracentesis  of  the  anterior  chamber  should  be  done, 
followed  by  the  use  of  pilocarpin,  arecolin,  or  weak  eserin  solutions.  The 
presence  of  vitreous  opacities  will  call  for  the  vigorous  use  of  mercury  and 
diaphoretics  internally.  Use  of  the  eyes  for  near  work  should  be  pro- 
hibited. As  a rule,  the  patient  should  not  be  kept  in  a dark-room.  The 
management  of  those  cases  which  are  due  to  sympathetic  ophthalmitis  will 
be  described  elsewhere  (Chapter  XVIII). 

Plastic  Cyclitis  (Iridocyclitis  Plastica)  is  the  severest  form  of  inflam- 
mation of  the  ciliary  body.  The  symptoms  are  great  pain,  chemosis  of  the 
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Fig.  281.-  Anterior  part  of  eyeball  with  iridoc?  clitis.  'After  Pollock.) 


..on  °*  *n  ey<l  whlch  reived  an  extensive  wouud  foil  ' ed  by  hemorrhage,  prolapse 
of  the  ins  and  loss  of  vitreous.  Iridocyclitis  ensued,  an.  the  eye  was  enucleated  thirty-nine 
days  after  the  injury.  J 

..  \ C°njunctiva-  *.  Sclerotic.  S,  Cornea.  4,  Cic.  >rU  of  the  wound  passing  obliquely 

through  the  cornea  with  pigment  deposit.  5,  Streb d and  atrophied  iris  adherent  to  the  capsule 
of  the  lens  S Pup, llary  margin  of  the  iris  which  i.  ad  ,erent  to  the  cornea  (anterior  synechia). 
7,  7,  Capsule  of  the  lens.  8,  Folded  remains  o pa  t of  the  lens-capsule,  imbedded  in  cicatricial 
‘S8“  \Nr'y“  connective-tissue  ..  embr,  ne  passing  across  the  globe  behind  the  lens. 
10, 10,  Detached  and  folded  retina.  11,  CL’ar.  body,  dragged  inward.  22,  Pigment  layer  of 
pars  non-phcata  of  ciliary  body.  25,  Fomented  cells  in  the  chorioid.  24,  Chorioid.  25,  Blood- 
clot  splitting  the  chono.d  into  two  ’aye  -s.  16,  Newly  formed  inflammatory  membrane,  showing 
hbres,  round  cells,  pigment-ves  els,  a.  d -races  of  the  incarcerated  and  destroyed  iris 


conjunctiva,  and  swelling  of  the  lids.  The  eye  is  exceedingly  tender  to  pres- 
sure over  the  ciliary  region.  There  is  great  pericorneal  injection,  and  exuda- 
tion takes  place  inoo  he  pupil,  behind  the  iris,  and  into  the  vitreous  humor. 
Often  the  pupil  is  mlated  by  the  contraction  of  plastic  exudate  deposited  in 
the  ciliary  body.  If  the  disease  follows  an  attack  of  iritis,  all  the  symptoms 
are  accenturttd.  Early  in  cyclitis  the  tension  is  increased.  The  disease  is 
accompanied  at  times  by  intense  pain,  vomiting,  and  fever.  Photophobia 
ana  lac  rij  lation  are  often  present. 

Etiology.— The  most  frequent  cause  of  plastic  cyclitis  is  traumatism 
(perforating  wounds,  cataract  operations,  etc.).  It  occurs  idiopathically  as 
a result  of  a similar  process  in  the  other  eye  (sympathetic  ophthalmitis). 
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Stephenson — in  view  of  the  fact  that  numerous  inflammatory  diseases  of  the 
iris  and  chorioid  result  from  depraved  blood-conditions,  which,  in  turn,  are 
attributed  to  microbic  causes — regards  the  excretion  of  microbes  or  their 
products  by  the  ciliary  body  as  the  cause  of  all  cases  of  endogenous  irido- 
cyclitis. 

Pathology. — The  first  step  in  the  morbid  process  is  hyperemia  with 
transudation  of  leucocytes.  The  characteristic  feature  of  the  disease  is  the 
fibrinous  exudate,  which  appears  on  the  inner  surface  of  the  ciliary  body, 
on  the  zonula  of  Zinn,  in  the  posterior  chamber,  and  in  the.  vitreous  humor. 
The  inflammatory  process  may  end  in  resolution,  the  exudate  being  ab- 
sorbed, or  it  may  become  organized.  Vessels  from  the  ciliary  body  or  from 
the  peripheral  parts  of  the  retina  grow  into  it.  The  iris  becomes  adherent  to 
the  lens,  thus  obliterating  the  posterior  chamber;  and  contraction  of  the 
newly  formed  membranes,  with  detachment  of  the  retina  and  ciliary  body, 
takes  place.  The  nutrition  of  the  lens  being  interfered  with,  cataract  re- 
sults. The  eye  finally  becomes  shrunken  and  soft:  a condition  known  as 
atrophy  of  the  eyeball. 

Prognosis. — This  form  of  cyclitis  is  rarely  improved  by  treatment. 

Treatment. — The  treatment  is  that  of  a severe  case  of  iritis  with  the 
addition  of  large  doses  of  mercury  and  potassium  iodid,  together  with  dia- 
phoretics. If  the  eye  becomes  blind  and  shrunken  and  is  painful  to  the 
touch,  it  should  be  enucleated. 

Purulent  Cyclitis. — This  disease  is  caused  by  infected  wounds  aud 
acute  infectious  diseases.  It  runs  a sharp  course.  Hyperemia,  round-cell 
infiltration,  and  the  presence  of  pus  in  the  anterior  chamber  are  prominent 
pathologic  features.  The  symptoms  are  all  accentuated.  If  the  disease  is 
due  to  a wound,  the  eye  is  lost  by  panophthalmitis.  Purulent  eye)  itis  some- 
times appears  idiopathically  in  the  course  of  influenza  '.mall-pox,  and 
scarlatina. 

Prognosis.— This  is  unfavorable. 

Treatment. — This  will  consist  of  hypodermic  injections  of  morphin 
to  relieve  pain  and  the  local  use  of  atropin.  het  compresses,  and  bichlorid 
solution.  Inunctions  of  mercury  and  subco  ljumtival  injections  of  the  same 
drug  may  be  employed.  Most  cases  of  purulent  cyclitis  end  in  phthisis  bulbi 
and  require  enucleation. 

Injuries  of  the  Ciliary  Body  are  among  the  most  dangerous  traumatisms 
of  the  eye,  and  are  particularly  prone  to  cause  sympathetic  ophthalmitis. 
The  iris  and  lens  are  almost  invariably  injured  at  the  same  time.  If  the 
instrument  producing  the  trauma  remains  within  the  globe,  the  case  becomes 
much  complicated,  and  cones  under  the  head  of  retained  foreign  body.  If 
the  instrument  has  been  withdrawn,  and  has  not  carried  infection  into  the 
eye,  the  case  mar  do  .veil,  or  the  eye  may  be  lost  by  a slow  iridocyclitis. 
Careful  inspecticu  s necessary  in  all  eye  injuries.  In  the  management  of 
these  cases  cleanliness  should  be  absolutely  observed  by  the  surgeon.  If 
the  wound  s of  considerable  extent  and  involves  the  sclera,  it  can  be 
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treated  by  snipping  off  any  protruding  bead  of  vitreous  humor  and  by 
suturing  the  sclera.  Whenever  possible  to  do  so,  the  scleral  wound  should 
be  covered  by  a sliding  conjunctival  flap.  It  is  only  in  those  extensive 
lacerations  where  there  is  no  hope  of  vision  that  an  immediate  enucleation 
should  be  made.  Under  any  other  circumstances  the  patient  is  to  be  given 
the  benefit  of  skilled  advice.  In  these  cases  the  general  practitioner  will  not 
be  doing  his  duty  unless  he  observes  absolute  cleanliness  and  refers  the  case 
to  a specialist. 

Detachment  of  the  Ciliary  Body  without  rupture  of  the  sclera  may 
occur  from  injuries,  particularly  from  concussions.  The  annular  ligament 
is  ruptured  in  part  or  even  wholly,  thus  placing  the  anterior  chamber  in 
communication  with  the  perichorioidal  space.  Thus  the  aqueous  humor  can 
enter  this  space  and  can  separate  the  chorioid  from  the  sclera.  This  sort 
of  an  injury  can  be  recognized  only  anatomically,  since  we  cannot  see  the 
ciliary  body  in  the  living  eye.  In  an  extensive  detachment  of  the  ciliary 
body  the  clinical  picture  resembles  that  of  aniridia. 

OPERATIONS  ON  THE  CILIARY  BODY. 

The  anatomic  position  of  the  ciliary  body  is  such  that  only  a few 
surgical  procedures  primarily  involve  this  part  of  the  eye,  and  all  of  them 
are  intended  for  the  relief  of  increased  intra-ocular  tension,  lienee,  they 
will  be  discussed  more  fully  in  the  chapter  on  “Glaucoma/’  In  this  place 
it  must  suffice  to  mention  two  of  them : — 

1.  Cyclicotomy  (Hancock’s  Operation). — In  1800  Mr.  Henry  Hancock 
advised  and  practiced  section  of  the  ciliary  muscle  In  an  incision  radiating 
from  the  periphery  of  the  cornea.  A modification  of  this  operation  is 
the  intra-ocular  myotomy  of  J.  V.  Solom  >n,  who  cut  the  ciliary  muscle 
obliquely.  In  either  method  the  Beer  knife  is  used;  the  incision  includes 
the  corneo-scleral  junction  and  unites  the  anterior,  the  posterior,  and  the 
vitreous  chambers.  Although  cyclicotomy  gives  immediate  relief  to  the 
pain  and  tension  of  acute  glaucoma,  the  operation  has  fallen  into  disuse 
and  is  not  ranked  with  iride  jtomy  in  therapeutic  value. 

2.  Cyclodialysis  (Heine’s  Operation). — In  1905  Heine  devised  an  opera- 
tion which  aims  to  secure  a lasting  communication  between  the  anterior 
chamber  and  the  sunra-chorioidal  space.  The  technique  of  this  operation 
is  given  in  the  chap %r  on  “Glaucoma.'*’ 


CHAPTER  XII. 

DISEASES  OF  THE  CHORIOID. 

The  chorioid  coat  is  part  of  the  uveal  tract  and  is  characterized  by 
its  vascular  and  pigmentary  supply.  It  is  subject  to  congenital  anomalies, 
tumors,  inflammations,  and  injuries. 

CONGENITAL  ANOMALIES. 

Coloboma  of  the  Chorioid  and  Retina  may  be  considered  together, 
since  for  practical  purposes  there  can  be  no  coloboma  of  one  tunic  without 


Fig.  282.— Coloboma  of  the  chorioid.  (Benson.) 


the  other  being  absent,  although  microscopic  examination  sometimes  demon- 
strates the  presence  of  the  retina  in  ca^es  of  chorioidal  colobomata.  Eyes 
in  which  portions  of  the  chorioid  and  retina  are  wanting  are  often  hyper- 
metropic, nystagmatic,  strabismi'’,  and  amblyopic.  The  defect  is  usually 
situated  in  the  lower  part  ct  the  fundus.  Generally  the  iris  presents  a 
coloboma  also,  but  cases  are  on  record  in  which  coloboma  of  the  chorioid 
was  the  only  malformation.  With  the  ophthalmoscope  the  coloboma  is 
seen  as  a whitish,  pearly  patch,  of  round  or  ovoid  shape,  often  with  a pig- 
mented border,  presenting  a few  retinal  vessels  in  its  area.  The  sclera  may 
bulge  at  the  site  01  the  coloboma  and  resemble  a cyst.  Microphthalmos  and 
imperfect  development  of  the  nervous  system  and  of  the  skull  are  not 
infrequent  e ccompaniments  of  chorioidal  colobomata.  The  surface  of  the 
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coloboma  can  be  seen  to  be  deeper  than  that  of  the  surrounding  retina. 
Similar  white  depressions  are  sometimes  seen  in  the  macular  region  and 
are  called  macular  colobomata.  Of  these,  about  40  cases  are  recorded,  of 
which  5 were  bilateral.  A coloboma  of  the  macula  usually  presents  a white 
or  yellowish  area  of  a round  or  oval  shape,  whose  border  often  shows  pig- 
mentation. It  is  traversed  by  retinal  vessels.  In  rare  instances  chorioidal 
vessels  are  present  resembling  vascular  convolutions,  and  this  condition 
has  led  Lindsay  Johnson  to  regard  macular  colobomata  as  the  atrophied 
remains  of  nevoid  growths  in  the  chorioid.  Most  cases  of  macular  coloboma 
show  myopia.  Visual  acuity  may  range  from  high  amblyopia  to  normal 
vision.  The  field  of  vision  shows  a defect,  scotomata  of  various  forms  being 
found  in  different  cases.  In  a nystagmatie  eye,  to  differentiate  between 
chorioidal  atrophy  and  coloboma  may  be  difficult.  Aside  from  the  correc- 
tion of  the  refraction,  there  is  no  treatment  for  coloboma. 


Fig.  283.  Coloboma  of  the  macula , "vith  islets  of  pigment  and 
an  atrophic  crescent  of  the  ot  tic  disc.  (Silex.) 

Albinism  (Leucosis). — Congei  ilal  absence  or  insufficiency  of  pigment 
in  the  uveal  tract  causes  the  iris  tc  look  pinkish  or  yellowish,  from  rejec- 
tion of  light  from  the  iridal  and  chorioidal  vessels.  The  chorioidal  vessels 
are  visible  ophthalmoscopcally.  Nystagmus,  strabismus,  errors  of  refrac- 
tion, and  reduction  in  \isual  acuity  are  frequent  accompaniments  of  albin- 
ism. Treatment  is  limited  to  the  correction  of  errors  of  refraction  and  to 
the  shading  of  the  ^v^s  with  dark  glasses. 


TUBERCULOSIS  OF  THE  CHORIOID. 

^Ddcles  of  the  Chorioid  (Fig.  2,  Plate  XIII)  may  be  in  the  form  of 
miliary  cubercles  accompanying  general  acute  tuberculosis,  or  as  large  masses 
i 1 chronic  tuberculosis.  In  miliary  tubercle  a few  tubercles  (one  to  ten)  are 
found  in  the  macular  region  or  are  scattered  over  the  fundus.  Each  tubercle 
usually  measures  from  one-third  to  two-thirds  the  diameter  of  the  optic  disc, 
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but  may  be  larger.  It  appears  as  an  oval,  round,  or  reniform  spot  of  a pale- 
rose,  grayish-yellow,  fawn,  or  paper-white  color.  Its  edges  appear  “moth- 
eaten,”  and  are  marked  by  a narrow  zone  of  retinal  pigment.  Its  surface 
may  present  specks  of  pigment,  dots,  or  pinkish  stripes.  They  resemble  the 
spots  seen  in  disseminated  chorioiditis.  When  multiple,  the  common  num- 
ber is  two  or  three.  The  tubercles  in  this  form  of  the  disease  appear  a few 
days  or  weeks  before  death ; hence,  they  cannot  be  mistaken  for  the  elevations 
of  disseminated  chorioiditis.  They  begin  in  the  deeper  layers  of  the  chorioid, 
growing  from  the  adventitia  of  the  vessels.  They  do  not  affect  the  vision. 
In  many  cases  they  can  be  demonstrated  by  microscopic  section  in  eyes 
which  present  no  changes  to  the  ophthalmoscope.  In  probably  80  per  cent, 
of  cases  of  miliary  tuberculosis  their  presence  can  be  -demonstrated  post- 
mortem. According  to  Carpenter  and  Stephenson,  they  are  found  oph- 
thalmoscopically  in  50  per  cent,  of  cases  of  acute  miliary  tuberculosis  and 
tuberculous  meningitis,  and  in  10  per  cent,  of  cases  of  chronic  (surgical) 
tuberculosis.  The  presence  of  tubercle  bacilli  cannot  always  be  demon- 
strated in  the  cases.  The  larger  tubercles  show  giant  cells  with  a re- 
ticulum of  fibres,  epithelioid  cells,  small-cell  infiltration,  and  caseation. 
The  smaller  growths  are  collections  of  lymphoid  cells  situated  between  the 
vessels.  Since  this  disease  appears  very  late  in  an  incurable  malady,  treat- 
ment is  valueless.  The  presence  of  tubercle  in  the  chorioid  may  assist  the 
physician  in  making  a diagnosis  between  acute  miliary  tuberculosis,  typhoid 
fever,  and  meningitis.  While  of  serious  import,  in  rare  instances  they  ir.<*y 
disappear  or  become  quiescent.  In  chronic  tuberculosis  the  chorioidal  lesion 
may  be  single,  multiple,  disseminated,  or  diffused.  The  treatment  is  ’united 
to  hygienic  and  constitutional  measures. 

A Large  Tubercular  Mass  often  presents  the  clinical  picture  of  a sar- 
coma of  the  chorioid.  It  is  probably  always  secondary  to  tuln  rculosis  located 
elsewhere,  although  the  latter  may  defy  localization.  The  disease  is  usually 
unilateral.  In  rare  cases  the  patient  may  early  show  a.  destructive  inflam- 
mation of  the  globe  with  perforation,  or  the  disease  may  cause  no  symptoms 
and  may  be  accidentally  found  by  ophthalmoscopic  examination.  In  a few 
cases  glaucoma  appears.  Since  the  disease  ocrurs  chiefly  in  children  and 
young  subjects,  it  may  be  mistaken  for  "neuroepithelioma  of  the  retina. 
There  is  much  variety  in  the  ophthalmoscopic  appearances  of  this  disease. 
The  tubercular  mass  usually  appears  as  a solitary  white  or  grayish  elevation, 
springing  from  the  central  pari  of  tne  fundus.  It  is  to  be  distinguished 
from  leucosarcoma  of  the  chorioid,  neuroepithelioma  of  the  retina,  and 
subretinal  cysticercus.  The  absence  of  vessels  serves  to  exclude  the  first 
and  second  conditions,  while  its  immobility  and  solidity  will  distinguish  it 
from  cysticercus. 

Since  the  tubercular  tumor  is  secondary  to  tuberculosis  located  else- 
where, the  remora)  of  the  eye  is  not  demanded  at  an  early  stage,  provided 
the  diagnosis  is  clear.  If  it  is  in  doubt,  the  eye  should  be  removed  and 
subjected  t<  microscopic  examination.  Cases  of  tubercular  tumor  which 
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are  progressive  and  tend  to  perforate  should  be  treated  by  enucleation.  The 
general  treatment  of  the  patient  is  of  great  importance  in  these  cases.  After 
a successful  operation  the  patient  may  die  from  tuberculosis  of  the  me- 
ninges, lungs,  or  abdominal  viscera. 


TUMORS  OF  THE  CHORIOID. 

Carcinoma  of  the  Chorioid  is  of  rare  occurrence,  Oatman  having  col- 
lected only  thirty  cases.  The  disease  is  always  metastatic.  The  rarity  of 
metastatic  growths  in  the  eye  is  accounted  for  by  anatomic  conditions : the 
small  size  of  the  ophthalmic  artery  and  the  fact  that  it  is  given  off  from  the 
internal  carotid  at  an  angle  of  ninety  degrees.  While  metastasis  should 
be  more  common  in  the  left  eye  than  in  the  right,  owing  to  the  difference 
in  the  carotids,  statistics  do  not  show  this  to  be  true.  The  left  carotid  should 
receive  emboli  more  easily  than  the  right,  inasmuch  as  it  rises  from  the  aorta 
directly.  Metastatic  growths  occur  most  often  at  the  posterior  pole  of 
the  eye,  owing  to  the  great  calibre  of  the  short  ciliary  arteries.  Of  28 


Fig.  284.' — Metastatic  carcinoma  ">f  the  chorioid. 

cases  in  which  mention  is  made  of  its  location,  the  primary  growth  was 
situated  in  the  breast  in  20  cases;  in  fbj  lungs  in  3,  in  the  liver  in  2,  in 
the  stomach  and  liver  in  1,  in  the  suprarenal  capsule  in  1,  and  in  the  thy- 
roid gland  in  1.  In  one-third  of  the  cctses  the  disease  was  bilateral.  The 
ages  of  the  patients  ranged  from  thirty  to  fifty-eight  years.  The  disease 
is  twice  as  frequent  in  females  is  in  males.  Vision  is  destroyed  within  a 
few  weeks  after  the  appmra’ice  of  ocular  symptoms.  The  average  dura- 
tion of  life  is  about  fix  months. 

The  disease  apimars  ophthalmoscopically  as  a “flat,  oval  deposit  or 
tumor,  on  the  temporal  side  of  the  nerve,  involving  the  macula  with  a cen- 
tral elevation  Ox  -|-  3 D.,  its  edges  gradually  fading  off  into  the  surround- 
ing fundus.  Tis  color  is  a dirty-yellow,  with  scattered  pigment  spots” 
(Mitvalski).  No  vessels  are  apparent  in  the  growth.  The  retina  becomes 
detached  it  an  early  period.  The  tension  of  the  affected  eye  may  be  normal, 
inerted,  or  reduced.  Enucleation  may  be  necessary  to  relieve  pain. 

Other  Tumors  of  the  Chorioid.— Aside  from  the  occurrence  of  car- 
cinoma and  the  solitary  form  of  tubercle,  which  have  been  considered,  the 
chorioid  is  the  seat  of  sarcomata,  myomata,  cysts,  and  nevi.  Sarcomas 
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occur  either  primarily  or  by  metastasis.  They  belong  to  the  middle  period 
of  life,  being  rarely  seen  before  the  thirty-fifth  year.  Some  are  white 
(leucosarcomata)  while  others  are  black  (melanosarcomata).  The  latter 
derive  their  color  either  from  the  presence  of  melanin  or  from  the  pigment 
of  the  blood.  Their  tendency  is  to  grow  out  of  the  globe  in  three  direc- 
tions: (1)  along  the  course  of  the  venae  vorticosae,  (2)  along  the  optic 
nerve  to  the  brain,  and  (3)  to  the  corneoscleral  junction.  They  may  perfo- 
rate the  sclera  in  other  places.  Their  microscopic  appearance  is  variable, 
and  more  than  one  type  of  structure  may  be  found  in  the  same  growth. 
The  small  round-cell  and  spindle-cell  tumors  are  common.  Angiosarcoma, 
telangiectatic  sarcoma,  adenoma,  perithelioma,  and  enchondroma  are  very 
rare  chorioidal  growths. 

Sarcoma  of  the  Chorioid. — This  disease  (Fig.  1,  Plate  XIII)  is  found  in 
the  proportion  of  about  1 to  3000  ophthalmic  patients.  In  the  vast  majority 


Fig.  285. — Fungating  sarcoma  of  the  chorioid.  ^ Author.) 

of  cases  the  growth  is  primary.  However,  the  author  nas  met  with  one  case 
of  chorioidal  sarcoma  sequent  to  a sarcoma  of  fh(  leg.  In  another  metastatic 
case,  which  was  observed  by  Meigs  and  de  Schweinitz,  the  primary  growth 
was  located  in  the  mediastinum.  Doubtless  metastatic  sarcoma  of  the  chorioid 
occurs  more  frequently  than  is  suppose^,  since  in  many  cases  of  sarcomatosis 
the  eyes  are  not  examined.  The  prir  tai y intra-ocular  growth  is  usually  single 
and  unilateral,  and  generally  ^s  in  ffie  form  of  a projecting  knob,  growing 
toward  the  centre  of  the  eye,  aoa  presenting  a neck  and  base.  Sarcoma 
may  appear  as  early  as  the  fifteenth  or  as  late  as  the  eighty-fourth  year, 
although  it  is  most  freqient  between  the  age  of  forty  and  sixty.  The 
disease  is  said  to  be  more  common  in  males  than  in  females  (Fuchs,  A. 
Hill  Griffith,  Lav  son)  ; but  Kerschbaumer  states  that  sex  is  without  in- 
fluence. After  lsiruval  of  the  eye  the  disease  often  becomes  metastatic, 
invading  any  c ‘-pun  or  tissue,  not  excepting  the  bones.  The  brain  is  rarely 
involved  ty  intension  along  the  optic  nerve.  A rare  complication  is  pig- 
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mentation  of  the  skin,  either  in  the  form  of  a diffuse  dark  color,  suggestive 
of  argyrosis,  or  in  the  form  of  small,  discrete  round  spots,  two  to  four 
millimetres  in  diameter,  which  may  be  too  numerous  to  be  counted.  In 
6ome  cases  of  melanosarcoma  of  the  chorioid  melanin  is  found  in  the  urine. 

Symptoms. — These  vary  much  in  different  stages  of  the  disease : — 

1.  In  the  first  stage  a detachment  of  the  retina  is  seen  at  the  site  of 
the  tumor.  The  mass  appears  of  a purple-red  or  slate  color  according  to 
its  pigmentation ; if  deeply  pigmented,  it  may  appear  black.  Blood-vessels 
are  seen  coursing  over  it.  There  is  no  pain,  and  the  tension  is  normal. 
The  defect  in  the  visual  field  may  take  an  hemianopic  shape  or  be  quite 
irregular.  Vision  in  the  first  stage  may  be  only  slightly  or  considerably 
reduced,  according  to  the  proximity  of  the  growth  to  the  macula.  The 
duration  of  the  first  stage  is  from  one  to  two  years. 

2.  In  the  second  stage  there  is  increase  of  tension,  while  the  external 
appearance  of  the  eye  resembles  that  found  in  inflammatory  glaucoma : the 
anterior  chamber  is  shallow,  the  pupil  dilated,  the  cornea  cloudy,  and 
dilated  episcleral  vessels  are  visible.  If  the  media  are  clear,  a detached 
retina  is  seen.  Later  the  lens  becomes  opaque  and  the  clinical  picttre  is 
that  of  absolute  glaucoma.  Pain  now  appears  and  makes  the  glaucomatous 
picture  so  striking  that  experienced  diagnosticians  have  been  derived. 

3.  In  the  third  stage  the  tumor  escapes  from  the  globe,  the  symptoms 
varying  according  to  the  place  of  exit.  If  in  front,  dark  nodules  are  seen 
about  the  corneoscleral  region.  The  area  of  impending  peroration  bulges 
and  presents  a rich  development  of  blood-vessels,  together  with  a black 
or  bluish  discoloration  (Fig.  4,  Plate  XII).  If  behind,  the  existence 
of  perforation  cannot  be  told  until  the  growth  produces  exophthalmos. 
Pain  is  relieved  by  the  perforation  of  the  gkhe.  The  growth  of  the  sar- 
coma then  proceeds  with  startling  rapidity.  The  tumor  fills  the  orbit  and 
may  cause  a projection  as  large  as  two  fists.  The  exposed  parts  of  the  mass 
ulcerate  and  bleed ; the  deeper  portions  may  grow  into  the  brain. 

4.  In  the  fourth  stage,  metasiatiu  nodules  form  in  the  internal  organs, 
the  liver,  stomach,  and  mesenteric  glands  being  favorite  sites.  The  patient 
dies  by  exhaustion.  The  first  and  second  stages  may  occupy  several  years; 
the  third  and  fourth  stages  are  measured  by  months. 

Diagnosis. — In  making  a diagnosis  of  sarcoma  of  the  chorioid  the 
following  conditions  must  be  reckoned  with : — 

1.  Detachment  of  the  ietina  and  chorioid.  5.  Glaucoma. 

2.  Neuroepithelioma  of  the  retina.  6.  Spontaneous  rupture  of  the  eyeball. 

3.  Solitary  ti*bt~cle  of  the  chorioid.  7.  Iridocyclitis. 

4.  Intra-ocukr  cysticercus.  8.  Syphilis  with  chorioidal  exudation. 

1.  (a)  Retinal  Detachment  caused  by  sarcoma  of  the  chorioid  differs 
iiom  the  simple  variety.  In  the  latter  the  retina,  early  in  the  history 
of  the  case,  is  transparent,  owing  to  the  absence  of  the  color  given  to  it  bv 
the  chorioidal  pigment.  Spontaneous  retinal  detachment  is  preceded  by 
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muscae  volitantes.  It  appears  suddenly,  and  is  accompanied  by  vitreous 
opacities,  reduced  tension,  and  signs  of  chorioiditis,  and  often  occurs  in 
eyes  which  are  highly  myopic.  The  condition  of  the  other  eye  as  regards 
refraction,  the  state  of  the  fundus,  and  the  history  of  the  case  are  of  some 
value.  Holden  says  that  the  simple  form  of  retinal  detachment  extends  to 
the  ora  serrata,  while  in  tumor  the  detachment  is  longer  delayed,  particularly 
when  the  tumor  is  in  the  ciliary  body  or  in  the  posterior  pole  of  the  e}  e.  The 
detachment  in  the  simple  form  tends  to  produce  folds  and  show  undulations 
on  movement  of  the  eye,  while  in  tumor  the  folds  are  generally  absent  and 
the  mass  does  not  undulate.  However,  cases  occur  in  which  serum  col- 
lects between  a sarcoma  and  the  retina,  thus  simulating  simple  detach- 
ment and  making  the  diagnosis  difficult  or  impossible.  In  some  of  these 
cases,  where  the  retina  is  not  thickened  and  the  sarcoma  is  rich  in  vessels, 
the  tumor  may  be  recognized  by  the  presence  of  vessels  which  are  neither 
chorioidal  nor  retinal.  As  a rule,  a large  detachment  of  the  retina,  pressing 
against  the  lens,  will  be  due  to  an  underlying  sarcoma.  Tension  is  a valuable 
diagnostic  point : in  retinal  detachment-  due  to  a serous  collection  it  is 
generally  decreased ; in  chorioidal  sarcoma  it  is  usually  normal  at  first 
and  becomes  increased  later.  A dilation  of  the  anterior  ciliary  veins,  when 
localized  to  one  part  of  the  globe,  indicates  sarcoma,  the  growth  interfering 
with  the  return  of  the  blood  through  one  of  the  venae  vorticosae.  In  melano- 
sarcoma  the  urine  sometimes  contains  melanin,  and  turns  black  on  the 
addition  of  perchlorid  of  iron. 

BellarminofFs  device  may  assist  in  making  a diagnosis.  The  eye  being 
anesthetized,  a piece  of  moistened  plane  glass  is  pressed  against  the  cornea, 
thus  causing  it  to  become  flat  and  eliminating  its  refraction.  using 

strong  illumination  the  opaque  sarcoma  may  sometimes  be  recognized  be- 
neath the  detached  retina. 

Trans-scleral  illumination  will  often  enable  the  surgeon  tc  distinguish  between 
a simple  retinal  detachment  and  one  which  is  due  to  the  pre^nc:  o an  intra-ocular 
tumor.  The  pupil  being  dilated  and  the  eye  cocainized;  the  transilluminator  is 
applied  at  various  points  on  the  sclera  while  the  observer  notes  the  effect  upon  the 
fundus  reflex.  Should  the  pupil  remain  dark,  the  diagnosis  of  an  intra-ocular  tumor 
is  made.  If  the  pupillary  red  glow  follows  the  first  application  of  the  transillumi- 
nator, the  latter  is  moved  over  the  whole  area  of  the  detached  retina.  If  no  dark 
spot  is  found,  the  diagnosis  of  simple  retinal  duiichment  is  made. 

In  any  instance  of  doubtful  ffiagn  jsis,  the  vision  being  markedly  re- 
duced or  entirely  lost,  an  enucleation  will  be  justified  on  the  ground  that 
it  is  better  to  remove  a dozen  useless  eyes,  which  are  blind  from  retinal 
detachment,  than  to  leave  a ca?e  of  chorioidal  sarcoma  till  the  third  stage 
is  reached. 

(h)  Detachment  of  lit  Chorioid  presents  even  more  problems  in  dif- 
ferential diagnosis.  It  forms  a circumscribed  projection,  standing  out 
prominently  upon  me  fundus  like  a sarcoma.  The  foldings,  present  in 
simple  retinal  detachment,  are  absent  in  detachment  of  the  chorioid.  Usu- 
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ally  in  chorioidal  detachment  there  is  hemorrhage  and  chorioidal  vessels 
can  be  recognized  beneath  the  retinal  vessels.  Fortunately  the  condition 
is  extremely  rare.  Transient  detachment  of  the  chorioid,  following  cataract 
extraction,  has  been  observed  bv  Fuchs  (see  Chapter  XIII). 

2,  N euro  epithelioma  of  tue  Retina. — Here  the  age  of  the  patient  is 
of  importance.  Neuroepithelioma  is  found  only  in  children.  While  sar- 
coma of  the  chorioid  may  occur  in  childhood,  such  cases  are  exceptional.  If 
the  media  are  clear,  a diagnosis  between  neuroepithelioma  and  sarcoma  is 
usually  not  difficult.  The  former  presents  a yellowish-white  tumor  (Fig.  7, 
Plate  XII).  A sarcoma,  if  pigmented,  looks  much  different.  In  a later 
stage,  when  glaucomatous  symptoms  arise,  diagnosis  will  be  difficult. 

3.  Solitary  Tubercle  of  the  Cliorioid  may  be  mistaken  for  leucosarcoma. 
Tubercle,  however,  does  not  show  vessels,  and  occurs,  for  the  most  part,  in 
young  tubercular  subjects. 

Jf.  Intra-ocular  Cysticercus  is  of  such  rare  occurrence  in  this  country 
as  to  demand  no  consideration.  In  the  early  stages,  before  the  advent  of 
inflammatory  symptoms,  the  picture  of  cysticercus  is  characteristic  and 
can  hardly  be  mistaken  for  sarcoma. 

5.  Glaucoma.  — The  differential  diagnosis  between  sarcoma  ot  the 
chorioid  and  acute  inflammatory  glaucoma  which  has  been  UDtr?a*2d  may 
be  impossible.  The  author  once  made  an  iridectomy  for  the  relief  of  pain 
for  what  was  diagnosticated  as  glaucoma  absolutum.  Improvement  was 
but  temporary ; the  pain  returned  and  in  a few  we  >ks  an  enucleation 
showed  the  case  to  be  sarcoma  of  the  chorioid.  In  Djch  a case  the  media 
are  opaque,  the  eye  is  hard,  the  episcleral  vessels  art  dilated,  and  the  pain  is 
severe.  It  will  rarely  happen  in  glaucoma  tha*  rae  eye  will  be  entirely 
blind  and  the  other  eye  normal. 

6.  Spontaneous  Rupture  of  the  Eyeball , of  which  the  author  has 
observed  one  case,  and  Gilfillan  and  Miliikin  have  recorded  others,  presents 
a picture  identical  with  that  found  in  ihe  third  stage  of  sarcoma  of  the 
chorioid.  The  history  of  the  case*.  and  the  excessive  rarity  of  spontaneous 
rupture,  will  serve  to  clear  the  diagnosis. 

7.  Iridocyclitis. — Here  the  chief  difficulty  arises  because  of  clouding 
of  the  media,  occlusion  of  th  ? pupil,  and  opacification  of  the  lens.  It  some- 
times occurs  that,  in  the  course  of  its  growth,  a chorioidal  sarcoma  will  cause 
chorioiditis  and  iridocyclitis  of  such  intensity  as  to  lead  to  phthisis  bulbi. 
In  a case  of  idioj  ati  ic  iridocyclitis  both  eyes  are  frequently  affected.  Ten- 
sion is  usually  reduced,  while  in  sarcoma  tension  is  usually  increased  after 
the  period  when  the  media  are  clouded.  In  traumatic  iridocyclitis  the  his- 
tory of  the  case  will  clear  the  diagnosis. 

8 Syphilis. — Post  has  recorded  a case  of  sarcoma,  occurring  in  a 
my>pn  syphilitic  subject.  There  were  floating  opacities  in  the  vitreous 
mimor  and  a projecting  mass  was  seen  between  the  macula  and  the  optic- 
ncrve  head.  No  improvement  followed  antisyphilitic  remedies.  The  eye 
was  enucleated  and  was  found  to  contain  a leucosarcoma  of  the  spindle-cell 
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type.  In  this  connection  it  may  be  stated  that  Silcock  has  reported  a case 
of  gumma  of  the  chorioid. 

Pathology. — Sarcoma  of  the  chorioid  usually  is  a firm  tumor,  but 
is  sometimes  gelatinous  and  may  undergo  fatty,  myxomatous,  osseous,  or 
cartilaginous  degeneration.  Histologically  it  consists  either  of  round  or 
swindle  cells  or  a mixture  of  both.  It  is  usually  of  the  small-cell  variety. 
It  arises  either  from  the  outer  or  middle  layers  of  the  chorioid,  and  its 
tendency  is  to  grow  inward  toward  the  vitreous.  Barely  the  tu^or  is  flat; 
its  common  form  is  spheroidal  as  long  as  its  chorioidal  covering  is  intact. 
Later  it  breaks  through  the  lamina  vitrea  and  assumes  a spheric  shape. 
In  its  growth  it  detaches  the  retina  throughout  a large  area,  but  at  the  apex 
the  tumor  and  retina  are  intimately  attached.  Following  the  detachment 
comes  a stage  of  inflammation,  in  which  either  glaucoma  or  iridocyclitis  is 
set  up,  the  latter  leading  to  atrophy  of  the  eyeball.  Occurring  under  these 
circumstances,  atrophy  of  the  globe  is  supposed  to  be  due  to  iridochorioiditis 
caused  by  degeneration  in  the  neoplasm  and  by  microorganisms  (Leber, 
Ivrahnstofer,  Evetsky).  Kipp  has  recorded  a case  of  chorioidal  sarcoma  fol- 
lowed by  atrophia  bulbi.  Twenty  years  later  perforation  of  the  globe  and 
rapid  growth  of  the  neoplasm  occurred.  The  stage  of  extension  follows,  the 
tumor  spreading  along  the  optic  and  ciliary  nerves,  or  along  the  course  of 
vessels  entering  the  globe.  Hodules  form  in  the  orbit  and  thus  exophthal- 
mos is  produced.  Metastases  form  in  distant  organs  by  embolism,  the  blood - 
current  detaching  and  carrying  the  cells  to  other  parts.  While  local  recur- 
rences are  unusual  after  cases  operated  upon  at  an  early  stage,  m^aslas^ 
sometimes  occur  long  after  the  removal  of  the  eye.  Sarcomas  of  die 
chorioid  belong  principally  to  the  pigmented  tumors  (melanosarcomata) . 
The  leucosarcomata  are  rare. 

Prognosis  in  chorioidal  sarcoma  is  always  grave.  If  ihe  tumor-mass 
has  reached  the  third  stage,  it  is  generally  absolutely  bad  ^n  early  diag- 
nosis and  thorough  operation  made  in  the  first  or  second  stage  will  save 
about  40  per  cent,  of  these  cases.  The  danger  oc  local  return  under  such 
circumstances  is  small,  but  the  liability  to  the  development  of  metastases  is 
great.  These  usually  appear  within  six  months  after  enucleation.  If  the 
patient  remains  well  for  four  years  after  opoxdtion,  the  immunity  is  prob- 
able, but  is  not  assured.  In  untreated  c uses  the  duration  of  life  is  said  to  be 
about  five  years.  The  prognosis  is  more  favorable  in  spindle-cell  sarcoma 
than  in  the  round-cell  variety 

Treatment. — Only  surgi^a*  procedures  are  of  value  in  chorioidal  sar- 
coma. If  the  tumor  has  not  passed  beyond  the  second  stage,  an  enucleation, 
with  complete  resection  cf  the  orbital  part  of  the  optic  nerve,  its  mem- 
branes, and  the  surrourding  tissue  at  the  apex  of  the  orbit,  will  be  suffi- 
cient. If  there  is  douLt  about  the  second  stage  being  past,  or  if  the  tumor 
has  undoubtedlv  extc  nded  beyond  the  globe,  a complete  removal  of  the  orbital 
contents  must  be  effected.  This  can  be  done  rapidly  and  efficiently,  a scal- 
pel, scissors,  and  forceps  being  the  only  instruments  necessary.  The 
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author  believes  that,  with  the  modern  methods  of  operating,  the  use  of 
caustics  in  the  orbit  should  be  eschewed.  In  operating  on  cases  in  the  third 
stage  the  aim  of  the  surgeon  is  more  to  relieve  pain  and  destroy  fetor  than 
to  save  life.  Here  the  hypodermic  injection  of  the  toxins  of  erysipelas  and 
of  bacillus  prodigiosus  or  exposure  to  the  x-ray  may  be  tried.  In  the  fourth 
stage  treatment  is  useless  except  to  relieve  pain. 

Myoma  of  the  Chorioid. — Although  the  interior  of  the  eye  is  well  sup- 
plied with  material  for  the  growth  of  muscular  tumors,  few  cases  of  ocular 
myomata  are  on  record.  This  form  of  tumor  has  been  found  several  times 
in  the  chorioid.  In  the  case  reported  by  Guiata,  of  Siena,  the  diagnosis 
rested  between  a subretinal  c^sticercus  and  chorioidal  neoplasm.  The  case 
was  that  of  a man,  aged  20  years,  whose  vision  had  been  failing  for  months. 
The  ophthalmoscope  showed  a rounded  elevation.  Repeated  examinations 
failing  to  show  movement  in  the  mass,  the  diagnosis  of  chorioidal  tumor 
was  ventured,  and  an  enucleation  was  performed.  The  tumor  measured 
eight  by  five  millimetres,  and  extended  from  the  ora  serrata  to  the  equator. 
Microscopic  examination  showed  it  to  be  a myoma  of  the  chorioid. 

Ossification  of  the  Chorioid  is  of  very  rare  occurrence.  OssifieatioL  and 
calcification  in  an  intra-ocular  exudate  are  not  unusual  conditions  ( ee  ge 
422). 


INFLAMMATION  OF  THE  CHORIOID. 

The  term  chorioiditis  is  a broad  one,  and  is  applied  n:>t  only  to  cases 
in  which  the  inflammation  of  the  chorioid  is  actually  m progress,  but  also 
to  the  lesions  which  exist  long  after  the  subsidence  <jf  the  inflammatory 
process.  A diagnosis  of  chorioiditis  with  the  dialmoscope  is  possible 
only  after  the  pathologic  process  has  involved  the  retinal  pigment-cells; 
hence,  the  condition  is  a chorioidoretinitL  From  a clinical  standpoint, 
cases  in  which  the  pathologic  process  begins  in  the  chorioid  are  classed  as 
chorioiditis,  which  is  divisible  into  (1 ) exudative  and  (2)  suppurative  forms. 
In  the  former  the  eye  is  of  normal  iiop^urance  externally,  and  the  diagnosis 
can  be  made  only  by  ophthalmoscopy;  in  the  suppurative  form  the  iris 
and  ciliary  body  are  involved,  end  in  violent  cases  the  condition  known  as 
panophthalmitis  ensues.  Se.  ous  chorioiditis,  formerly  held  to  be  the  cause 
of  glaucoma  and  of  detachment  of  the  retina,  does  not  occur. 

Hyperemia  of  +ne  Chorioid  exists,  but  cannot  be  diagnosticated  as  a 
distinct  condition,  . ince  its  only  ophthalmoscopic  sign  is  increased  vas- 
cularity of  tlm  eptic  disc,  whose  vessels  anastomose  with  those  of  the 
chorioid*.  Hyperemia  is  attributed  to  eyestrain  from  uncorrected  or  im- 
properly corrected  errors  of  refraction.  In  such  cases  the  hyperemia  of  the 
nerve  bead  disappears  under  treatment  by  atropin,  rest,  and  colored  glasses, 
or  after  the  use  of  the  proper  correcting  glass. 

Exudative  Chorioiditis  (Plastic  Chorioiditis). — Chorioiditis  may  be 
localized  or  disseminated.  There  are  no  subjective  symptoms  peculiar  to 
the  disease.  Hence  the  diagnosis  must  rest  on  the  ophthalmoscopic  findings. 
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Symptoms— While  there  are  no  subjective  signs  characteristic  of  in- 
flammation of  the  chorioid,  it  is  the  rule  that  the  patient  complains  of 
reduced  visual  acuity,  the  presence  of  specks  or  a mist  before  the  eyes,  and 
a feeling  of  heaviness  in  and  about  the  eyes.  Frequently  there  are  subjective 
sensations  of  light  (photopske)  and  distortion  of  images  (metamorphopsia), 
due,  respectively,  to  irritation  and  to  a lifting  up  of  the  retina  by  the 
chorioidal  exudation.  Vision  may  be  slightly  or  greatly  reduced  or  even 
abolished,  according  to  the  proximity  of  the  inflammation  to  the  macula 
or  to  the  dissemination  of  the  process.  Scotomata  are  frequently  found. 
These  subjective  symptoms  will  suggest  the  necessity  of  an  ophthalmoscopic 
examination. 

The  changes  found  in  the  fundus  will  depend  upon  the  stage  of  the 
disease.  In  the  early  stage  the  alterations  are  slight;  in  the  height  of  the 
exudative  process  they  are  more  marked ; and  in  the  period  of  atrophy  they 
are  most  striking.  In  the  early  stage  there  are  found  edema  of  the  retina 
with  the  presence  of  minute,  rounded,  discrete,  yellowish-white  elevations 
situated  beneath  the  retinal  vessels.  The  elevations  may  be  most  numerous 
at  the  periphery  ; in  fact,  it  is  usually  stated  that  disseminated  chorioiditis 
begins  at  the  periphery,  but  there  are  many  exceptions,  the  macula  often 
being  the  area  first  showing  the  disease.  Simultaneously  with  the  pouring 
out  of  the  exudation  into  the  chorioid  there  occurs  a depigmentation  of  the 
retina  over  the  involved  area.  Probably  in  all  except  the  eyes  of  blondes 
this  pigment  destruction  is  necessary  before  the  chorioidal  exudate  can 
become  visible.  Involvement  of  the  retina  is  indicated  by  the  presence  of 
snowy-white  or  bluish-white  areas;  and  when  the  retinal  cloud  is  ibsoToea 
the  chorioidal  stroma  is  exposed  to  view.  This  change  can  be  appreciated 
by  comparing  Fig.  286  with  Fig.  287,  from  Liebreich’s  “At' as,”  showing 
the  same  fundus  with  an  interval  of  ten  months.  Hemorrhage  into  the 
chorioid  and  hyperemia  and  swelling  of  the  nerve-head  ere  not  common 
accompaniments  of  the  early  stage  of  chorioiditis.  Th»  J rocess  may  stop 
here,  the  exudate  undergoing  absorption  and  the  disease  leaving  few  traces ; 
but,  as  a rule,  such  a favorable  result  does  njt  occur.  The  process  goes 
onward,  or,  if  checked,  a fresh  attack  of  chorioiditis  ensues.  Pigment  is 
deposited  over  and  around  the  exudation;  or,  as  often  occurs  in  the  form 
of  chorioiditis  accompanying  myopia  the  chorioid  undergoes  extensive 
atrophy  with  only  slight  pigment  deposition.  In  the  stage  of  atrophy 
chorioiditis  presents  a striking  picture,  the  denuded  sclera  being  visible. 
If  the  process  has  become  arrested  while  the  exudation  spots  were  small 
and  discrete,  in  the  atrophic  stage  the  fundus  will  show  small,  white,  cir- 
cular areas,  each  of  which  presents  a pigment  border.  Frost  states  that  this 
form  of  the  disease  Oov.urs  frequently  in  inherited  syphilis,  and  is  often  first 
discovered  when  the  cornea  clears  from  an  attack  of  interstitial  keratitis. 
In  exceptional  case,  there  is  no  deposition  of  pigment  in  the  atrophic  stage. 
Where  the  di'jaie  is  not  arrested  early,  the  atrophic  spots  merge  into  one 
another,  and  thus  a large  area  of  the  sclera  is  exposed.  Patches  which  ap- 
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parently  have  undergone  complete  atrophy  may  continue  to  enlarge  with- 
out the  advent  of  fresh  exudation.  In  a late  stage  of  chorioiditis  masses 
of  connective  tissue  form  in  the  retina,  simulating  retinitis  proliferans  \ in 
the  latter,  however,  the  exudation  lies  in  front  of  the  retinal  vessels.  Vitre- 
ous opacities  may  be  found  at  any  stage  of  chorioiditis.  They  are  frequently 
small  and  “dust-like,”  particularly  in  the  syphilitic  form  of  the  disease, 
but  may  be  large  and  thread-like.  They  may  be  fixed  or  movable.  The 
lens,  at  this  stage,  begins  to  show  opacity,  particularly  at  its  posterior  pole, 
from  which  stria?  radiate.  Adhesions  form  between  the  iris  and  the  capsule 
of  the  lens.  The  eye  becomes  soft  at  a late  stage  and  detachment  of  the 
retina  often  occurs.  The  vitreous  may  shrink,  drawing  the  lens  backward 
with  it  and  thus  greatly  increasing  the  depth  of  the  anterior  chamber.  The 


Fig.  28G. — Early  stage  of  chorio.doretinitis.  (Liebreicii.) 


formation  of  bone  is  not  unusual  in  such  eyes.  The  term  atrophy  of  the 
eyeball  is  applied  to  su  ;h  shi  anken  globes.  Keratitis  punctata  may  be 
present  at  any  stage  of  chorioiditis,  indicating  that  the  disease  has  reached 
the  anterior  portion  of  Lhe  uveal  tract. 

Clinical  Forms  of  Exudative  Chorioiditis. — The  classification  of 
inflammations  of  the  chorioid  is  an  unsatisfactory  matter.  Ophthalmic 
writers  have  made  many  divisions,  based  either  upon  the  location  of  the 
morbid  process  or  on  its  supposed  etiology.  The  following  clinical  forms 
are  recognized : — 

L Disseminated  chorioiditis.  4.  Syphilitic  chorioidoretinitis. 

2.  Central  chorioiditis.  5.  Anterior  chorioiditis. 

3.  Myopic  chorioiditis.  6.  Chorioiditis  with  descemetitis. 

7.  Gonorrheal  iridochorioiditis. 
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1.  Disseminated  Chorioiditis  (Fig.  2,  Plate  XIV)  may  involve  one  or 
both  eyes;  in  the  latter  instance  one  eye  is  usually  much  more  involved  than 
the  other.  Scattered  over  the  fundus  will  be  found  alterations  whose  appear- 
ance will  depend  upon  the  stage  of  the  disease.  In  recent  cases  the  fundus 
will  show  numerous  rounded  or  stellate  elevated  patches  of  a yellowish-white 
or  grayish  color,  over  which  the  retinal  vessels  course.  In  old  cases  the  spo  s 
will  be  whitish,  from  exposure  of  the  sclera,  with  pigmented  borders.  The 
spots  may  coalesce  to  form  large  patches,  which  present  a punched-out  ap- 
pearance The  disease  is  chronic,  new  patches  being  formed  from  time  to 
time  In  an  eye  which  is  studded  with  such  atrophic  spots  central  vision 
may  remain  good,  if  only  the  macula  is  spared.  The  optic  nerve  is  affected 


in  disseminated  chorioiditis.  In  the  earl;  stage  ooth  the  retina  and  nerve- 
head  are  hyperemic,  while  later  they  become  atrophic.  The  papi  la  loses 
its  clear  outline,  becomes  of  a dirty-grayish  color,  and  the  retinal  vessels 
are  fewer  in  number  and  much  contracted.  Vitreous  opacities,  dust-like 

or  string-like,  are  frequently  present.  . , ...... 

Forster  in  1862,  described  a form  of  disseminated  chorioiditis  under 

the  name  areolar  chorioiditis,  in  which  foci  appear  in  the  macular  region 
and  subsequently  others  come  at  increasing  distances  therefrom  At  first 
each  focus  is  black,  gradually  the  pigment  is  removed  from  the  centre 
toward  the  periphery,  and  finally  the  spots  become  almost  white. 

2.  Central  Chorioiditis— Inflammation  of  the  chorioid  in  the  regio 
of  the  macula  may  be  found  at  any  period  of  life.  When  bilateral  and 
occurring  jD  infants  it  has  an  injurious  effect  upon  the  mental  development 
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of  the  child.  The  eyes  are  amblyopic  and  nystagmatic;  and  the  facial  ex- 
pression is  suggestive  of  idiocy.  Older  subjects  will  complain  of  loss  of 
vision  and  the  presence  of  a central  scotoma.  Ophthalmoscopic  examina- 
tion shows  the  presence  of  an  exudation  in  the  macular  area,  if  the  case 
is  seen  early;  if  examined  at  a later  period,  a large,  white,  atrophic  area, 
bordered  with  pigment,  is  found.  The  disease,  both  in  the  infantile  and 
t le  senile  forms,  is  sometimes  found  in  several  members  of  a family.  In 
elderly  persons  the  ophthalmoscopic  signs  may  consist  of  a round  or  oval 
area  at  the  macula,  presenting  yellowish,  erosion-like  dots  and  pigmentary 
changes,  minute  hemorrhages,  and  crystals  of  cholesterin;  or  the  macula 
may  look  as  though  salt  and  pepper  had  been  dusted  upon  it.  Hutchinson 
and  W aren  Tay  described  a condition  of  the  fundus,  known  as  “Tay’s 


Pig.  288.— Senile  areolar  at.-o^.y  o»  the  chorioid.  (Nettleship.) 


chorioiditis,  or  central  senile  ^ufctate  chorioiditis,”  in  which  the  macular 
area  is  filled  with  closely  set,  pale-yellowish  dots.  This  condition,  which 
was  supposed  to  be  found  only  in  middle-aged  and  elderly  persons,  has  been 
observed  at  all  ages,  uno  is  similar  to  punctate  conditions  found  in  the 
retina.  It  is  to  be  extinguished  from  colloid  disease  of  the  macular  region 
Another  form  of  central  chorioiditis  has  been  named  senile  areolar  atrophy 
of  the  choricm  m which,  owing  to  atrophy  of  the  pigment  layer,  the 
stroma  of  tee  chorioid  and  the  curves  and  anastomoses  of  its  vessels  can 
be  plainly  seen.  Such  a case  may  present  the  vessels  as  atrophic  white  lines 
(sclerosis  cf  the  chorioidal  vessels).  The  failing  vision  of  elderly  persons 
m whom  the  dioptric  media  are  clear  is  often  due  to  central  chorioiditis- 
and  this  condition  may  be  a cause  of  great  disappointment  after  a tech- 
n.cally  successful  cataract  extraction. 
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3.  Myopic  Chorioiditis . — While,  for  the  sake  of  convenience,  the  term 
myopic  chorioiditis  (Fig.  2,  Plate  XVII)  is  retained,  it  should  be  under- 
stood that  in  the  majority  of  cases  of  myopia  with  chorioidal  changes  the 
process  is  a mechanical  one,  producing  atrophy,  inflammatory  symptoms 
being  of  rare  occurrence.  In  axial  myopia  the  antero-posterior  diameter 
of  the  globe  is  elongated  by  thinning  of  the  posterior  segment  of  the  sclera. 
Although  a limited  amount  of  small-cell  infiltration  is  present,  the  chorioidal 
condition  is  not  classed  as  inflammatory.  The  change  in  the  sclera  can  be 
seen  ophthalmoscopically  and  demonstrated  microscopically.  The  fundus 
changes  of  myopia  can  be  best  considered  under  two  heads:  (1)  posterior 
staphyloma  and  (2)  myopic  degeneration. 

(a)  Posterior  Staphyloma  (Posterior  S cl ero chorioiditis ) . — This  term 
is  applied  to  a condition  often  accompanying  myopia,  the  chorioid  adjacent 
to  the  nerve-head  becoming  atrophic.  The  stretching  of  the  sclera  is  indi- 


1.  2.  6 

Fig.  289. — Types  of  posterior  staphyloma.  (Gal  ezcwskt.) 
J,  Superior  staphyloma.  2,  External  staphyloma.  5,  Ann  Y.c  ta^hyloma. 


cated  by  the  appearance  of  a crescent  which  is  usually  found  on  the  tem- 
poral side  of  the  disc,  but  sometimes  is  seen  interiorly,  superiorly,  or  nasally. 
The  crescent  is  made  by  the  sclera,  which  has  been  stretched,  and,  since  the 
chorioid  cannot  follow,  the  white  sclera  lit  s exposed.  This  explanation  is 
questioned  by  Schnabel  (see  "Myopia”  in  Chapter  XXI).  The  exposed 
part  may  assume  a triangular  shape,  and  then  is  called  conus  (Jaeger). 
This  term,  however,  is  confusing  and  should  not  be  applied  to  the  condi- 
tion found  in  myopia,  but  should  be  reserved  for  that  congenital  anomaly 
in  which  the  nerve-head  dies  not  fit  accurately  into  the  chorioidal  aperture. 
If  the  atrophy  of  th?  ahorh'id  spreads  around  the  nerve-head,  the  condition 
is  called  annular  ctaphyloma.  Since  the  boundary  between  the  nerve-head 
and  the  staphyloma  is  often  ill  defined,  the  beginner  in  ophthalmoscopy 
may  mistake  a ^csphyloma  for  an  unusually  large  papilla.  The  differentia- 
tion between  he  two  is  made  by  the  greater  redness  of  the  nerve-head.  The 
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line  separating  the  chorioid  from  the  staphyloma  is  better  defined,  is 
irregular,  and  is  often  bordered  with  pigment.  The  vessels  emerging  from 
the  nerve-head  are  often  narrow,  straight  in  their  course,  and  look  as  if  they 
were  stretched.  The  fundus  changes  may  be  limited  to  the  vicinity  of  the 
nerve-head,  but  generally  are  more  extensive.  Barely  posterior  staphylo- 
mata are  found  in  hypermetropic  and  emmetropic  eyes.  Ophthalmoscopic 
examination  of  a highly  myopic  eye  with  posterior  staphyloma  will  show  the 
“ Weiss  reflex.”  This  appears  on  the  nasal  side  of  the  papilla,  at  a distance 
of  several  disc  diameters,  as  a curved  line  which  presents  a narrow  light 
streak  bordered  by  two  dark  lines  (Fig.  2,  Plate  XX).  Its  presence  indi- 
cates the  existence  of  a posterior  scleral  ectasia. 

(b)  Myopic  Degeneration. — This  term  has  reference  particularly  to 
those  fundus  changes  which  occur  in  and  around  the  macula  lutea.  In 
cases  of  progressive  myopia  there  is  not  only  posterior  staphyloma,  but 
marked  changes  are  present  in  the  entire  fundus;  and  in  malignant  cases 
the  changes  involve  even  the  ciliary  body,  vitreous,  and  lens.  Loss  of 
pigment  in  the  epithelial  layer  permits  the  chorioidal  vessels  to  become 
visible.  Accumulations  of  pigment  are  often  found  as  black  spots  near  the 
macula.  Hemorrhages  may  appear  in  the  same  locality,  and  afPr  resorp- 
tion large  or  small  white  areas  bordered  with  pigment  are  to  be  se:n.  The 
fundus  may  present  a tessellated  appearance.  Central  rLual  acuity  is 
much  reduced.  Opacities  appear  in  the  vitreous  and  lem  (posterior  polar 
cataract),  and  detachment  of  the  retina  sometimes  occur!,. 

Jf.  Syphilitic  Chorioidoretinitis  (Fig.  1,  Plate  XIV)  will  be  considered 
in  Chapter  XV,  under  the  term  “Syphilitic  BrcinPit  '* 

5 . Anterior  Chorioiditis. — This  term  is  applied  to  that  condition  in 
which  the  anterior  portion  of  the  chorioid  i?  the  site  of  exudation.  The 
changes  may  be  readily  overlooked  unless  this  part  of  the  eye  is  carefully 
examined  with  the  ophthalmoscope.  J i?e  most  frequent  causes  of  anterior 
chorioiditis  are  myopia  and  hereditary  syphilis.  Doubtless  the  disease  fre- 
quently accompanies  parencbvr  mtous  keratitis.  In  cases  permitting  an 
ophthalmoscopic  examination  tn°  periphery  of  the  fundus  shows  numerous 
rounded  black  spots.  In  eloerly  persons  ordinary  pigment  changes  are 
often  found  in  the  antuio?  portions  of  the  chorioid. 

6.  Chorioiditis  with  Descemetitis. — A.  Hill  Griffith  has  called  attention 
to  a form  of  choriud  icis  occurring  in  young  subjects,  chiefly  females,  and 
characterized  b)  ti  e appearance  of  dust-like  opacities  of  DescemePs  mem- 
brane. The  Bsuase  begins  suddenly  with  failure  of  vision  of  one  eye  and 
without  external  signs  of  inflammation.  The  iris  is  normal.  Ophthalmo- 
scopically  a patch  of  recent  exudation,  of  a whitish  or  bluish-gray  color, 
is  fo^d  in  the  chorioid  and  retina  adjacent  to  the  optic  disc.  Fine  opaci- 
ties >.re  sometimes  present  in  the  vitreous,  and  shreds  of  fibrin  may  extend 
mto  it  from  the  chorioidoretinal  patch.  The  dots  on  DescemePs  mem- 
orane  are  supposed  to  be  derived  from  the  chorioid.  The  disease  occurs 
chiefly  in  tubercular  subjects.  Ozena  is  a frequent  accompaniment.  In 
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Fig.  1.— Sypbilltlo  Cliarlaidaratlnllla. 
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Griffith’s  cases  syphilis  was  not  present.  The  prognosis  is  favorable,  the 
disease  disappearing  under  antitubercular  treatment. 

7.  Gonorrheal  Iridochorioiditis. — Bull  has  described  cases  of  inflamma- 
tion of  the  uveal  tract  which  followed  or  were  associated  with  gonorrheal 
arthritis.  The  ocular  symptoms  were  severe,  and  included  pain,  photo- 
phobia, lacrimation,  and  great  reduction  in  visual  acuity.  Ciliary  injection, 
exudation  into  the  anterior  and  the  vitreous  chambers,  and  increase  of  intra- 
ocular tension  were  noted.  Vision,  which  may  be  reduced  to  perception  of 
light,  improves  rapidly  after  the  administration  of  antirheumatic  remedies. 

Causes  of  Exudative  Chorioiditis. — While  many  cases  of  exudative 
chorioiditis  are  doubtless  due  to  syphilis,  and  others  are  attributed  to  rheu- 
matism, gout,  tuberculosis,  anemia,  and  other  diathetic  diseases,  there 
remains  a large  percentage  of  cases  in  which  no  general  disease  can  be 
detected.  Trauma,  in  the  form  of  penetrating  wounds,  operations,  or 
blows  without  visible  lesion,  accounts  for  some  cases.  Occurring  in  young 
subjects  who  otherwise  are  in  good  health,  chorioiditis  must  be  attributed 
frequently  to  excessive  use  of  the  eyes  in  near  vision,  either  with  or  without 
the  proper  correction  of  errors  of  refraction.  Disseminated  chorioiditis  is 
sometimes  an  hereditary  affection,  and  at  times  it  is  found  accompanying 

congenital  cataract.  # 

Woods,  of  Baltimore,  states  that  among  the  causes  of  chorioidocyclitis 
are  disorders  of  menstruation,  intestinal  affections,  naso-pharyngeal  disease, 
and  acute  infections. 

Pathology.— At  the  beginning  of  the  process  hyperemia  and  edcnm 
are  present,  and  are  soon  succeeded  by  a serous  or  fibrinocellular  exudation. 
This  may  be  found  between  the  cliorioid  and  retina,  on  the  surface  of  the 
retina,  or  in  the  vitreous  humor.  Exudation  present  in  the  vit  'eo  is  humor 
may  cause  punctate  opacities  or  membranous  bands.  Edem.  of  the  retina 
and  hemorrhages  are  frequent  accompaniments  of  chor  mditis.  The  acute 
stage  is  succeeded  by  a period  in  which  the  chief  featni  is  ^r  i the  formation 
of  new  connective-tissue  fibres,  the  disappearance  of  the  smaller  chonoidal 
vessels,  atrophy  of  the  chorioid  and  retina,  ad’ies  on  between  these  mem- 
branes, and  the  proliferation  of  pigment  epf  helium.  The  affected  structures 
are  then  represented  by  a transparent  cicatriA,  which  is  bordered  with  pig- 
ment. 

Diagnosis.— The  diagnosis  of  chorioiditis  must  be  made  ophthaimo- 
scopically.  Often,  however,  P will  ue  difficult  to  determine  whether  the 
pathologic  process  is  chiefly  m the  chorioid  or  in  the  retina.  Pigment 
aggregations  resembling  bon '-corpuscles  are  always  in  the  retina  (Nettle- 
ship).  Exudates  attributed  to  the  retina  often  cover  the  retinal  vessels, 
while  chorioidal  exudates  i re  situated  under  the  retinal  vessels.  Accord- 
ing to  Meyer,  the  retinal  exudates  are  more  opaque  than  are  those  of  the 
chorioid,  and  their  jorders  show  fine  radiating  lines,  corresponding  to  the 
direction  of  ti.i  nerve-fibres.  In  retinitis  the  retinal  vessels  are  tortuous. 
In  choroiditis  diffuse  opacities  in  the  vitreous  humor  may  so  veil  the 
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retinal  vessels  as  to  simulate  retinitis.  Differentiation  between  a recent 
chorioidal  exudation  and  old  atrophic  spots  is  important.  In  recent  chorioi- 
ditis the  ophthalmoscopist  can  see  an  exudation  of  yellowish-white  color, 
with  ill-defined  outlines.  No  chorioidal  vessels  are  visible.  The  retinal 
vessels  pass  over  the  exudation  and  are  seen  to  bend.  The  points  of  exuda- 
tion are  free  from  pigment.  Cases  of  old  chorioiditis  show  pure  white 
atrophic  areas  of  irregular  outline,  often  with  a border  of  pigment;  fre- 
quently islets  of  pigment  exist  within  the  atrophic  area,  and  in  rare  cases 
the  migration  of  pigment  continues  until  the  spot  becomes  black.  In  such 
an  event  the  movement  of  pigment  is  from  the  chorioid  into  the  retina,  as 
can  be  proven  in  microscopic  sections.  The  remains  of  chorioidal  vessels  are 
sometimes  visible  within  the  white  atrophic  areas,  and  not  infrequently  the 
vessels  show  white,  thickened  walls,  or  complete  obliteration,  the  vessels  then 
appearing  as  white  cords.  Differentiation  between  coloboma  and  old  cho- 
rioiditis may  be  difficult,  especially  between  the  rounded  coloboma  occur- 
ring at  the  macula  and  elsewhere  and  the  isolated  patch  of  chorioiditis. 
The  history  of  the  case  and  the  fact  that  in  coloboma  other  anomalies  are 
generally  present  will  aid  in  the  diagnosis.  In  some  instances  orl'y  the 
pigment  layer  of  the  chorioid  is  involved  in  atrophy.  The  pign  ent  gr  ad- 
ually  disappears,  thus  permitting  the  chorioidal  vessels  to  appear  and  form 
a tessellated  fundus.  This  type  of  atrophy  is  common  in  myopia,  in  glau- 
coma, and  in  retinitis  pigmentosa,  and  is  physiologic  in  old  age. 

Prognosis. — Exudative  chorioiditis  is  a seriom  Jisjase,  frequently 
ending  practically  in  blindness  produced  by  the  recr  rrtTce  of  acute  inflam- 
matory attacks.  The  disease  will  affect  vision  i:i  proportion  to  the  proxim- 
ity of  pathologic  changes  to  the  macula.  While  complete  recovery  is  never 
to  be  expected,  the  prognosis  is  much  more  fc*  viable  in  the  chorioiditis  due 
to  eyestrain  occurring  in  young  subjects  than  in  chorioiditis  due  to  syphilis 
or  to  unknown  causes  in  old  persons. 

Treatment. — A patient  with  exudative  chorioiditis  should  be  given 
atropin  and  should  wear  dark,  smoked  glasses  to  protect  the  eyes  from  bright 
light.  Under  these  he  should  wear  the  proper  glasses  to  correct  his  error 
of  refraction.  Use  of  the  eyes  for  near  work  is  to  be  prohibited.  Except 
in  severe  cases  of  iridocboroiditis,  confinement  in  a dark-room  or  in  bed 
is  unnecessary.  In  case  chorioiditis  occurs  in  young  persons  with  eye- 
strain,  who  present  Uc  signs  of  syphilis,  the  internal  treatment  is  limited 
to  the  occasion'd  use  of  an  aperient  and  the  daily  administration  of  fer- 
ruginous ton'ct  This  plan  of  medication,  combined  with  rest  of  the  eyes 
for  a period  tl  several  weeks,  and  the  prescription  of  proper  glasses,  will 
often  resui!:  favorably.  This  is  particularly  true  of  cases  in  which  the 
exudaUu  is  limited  in  area.  In  cases  of  disseminated  chorioiditis  it  is 
advi^.ble  to  place  the  patient  quickly  under  the  influence  of  mercury,  and 
preferably  by  inunction.  Iron  also  is  often  required,  and  complete  mental 
and  physical  rest  is  to  be  advised.  In  all  recent  cases  atropin  and  dark 
glasses  are  to  be  used.  Iodid  of  potassium  is  a valuable  remedy,  though 
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probably  inferior  to  mercury.  These  internal  remedies  are  to  be  continued 
in  milder  doses  long  after  the  exudation  has  disappeared.  Patients  in  whom 
signs  of  syphilis  are  present  will  probably  receive  much  more  benefit  from 
this  plan  of  treatment  than  will  those  in  whom  the  diagnosis  of  syphilis 
cannot  be  established.  In  non-syphilitic  chorioiditis  some  surgeons  report 
good  results  from  the  use  of  salicylates.  Cases  of  chorioiditis  are  recorded 
in  which  no  benefit  followed  mercurial  inunctions,  and  great  improvement 
was  apparent  after  subconjunctival  injections  of  bichlorid  of  mercury  or  the 
hypodermic  injection  of  pilocarpin.  In  old  cases  of  chorioiditis  strychnin 
and  galvanism  may  be  tried. 

Purulent  Chorioiditis  is  divisible  into  endogenous  and  ectogenous 
forms.  The  endogenous  variety  is  of  rare  occurrence  and  is  produced  by 
the  lodgment  of  septic  emboli  in  the  ocular  vessels,  by  the  transfer  of 
meningeal  inflammation,  or  by  the  transfer  of  inflammation  in  orbital 
phlegmon  and  in  thrombosis  of  the  orbital  veins.  The  ectogenous  form  is 
of  frequent  occurrence.  It  follows  upon  ophthalmic  injuries  and  operations, 
and  is  found  after  perforating  corneal  ulcers  and  in  cases  of  iris-prolapse. 
The  varieties  of  purulent  chorioiditis  will  be  discussed  under  the  names, 
respectively,  of  ‘-'Endogenous”  and  “Ectogenous  Panophthalmitis.” 

Endogenous  Panophthalmitis  (Metastatic  Chorioiditis).  In- 
flammation of  the  chorioid  by  metastasis  fortunately  is  of  rare  occurrence. 
It  has  been  found  during  cerebro-spinal  meningitis,  typhoid  fever,  scarla- 
tina, puerperal  fever,  erysipelas,  mumps,  caries  of  the  cranial  bones,  ulcerat- 
ing endocarditis,  septicemia  following  surgical  operations  and  compound 
fractures,  and  in  the  course  of  pneumonia  due  to  influenza.  The  exis  enc;  oi 
purulent  chorioiditis  as  a metastatic  affection  was  established  by  Virchow 
in  1856.  Both  eyes  are  usually  affected,  one  after  the  oth  ir.  Bull,  of 
New  York,  who  has  carefully  studied  six  cases  occurring  in  the  course  of 
grippe-pneumonia,  and  has  made  two  autopsies,  states  that  +he  microorgan- 
isms found  in  such  cases  are  the  staphylococcus  albus  and  aureus,  the  strepto- 
coccus pyogenes,  and  the  pneumococcus.  Bacterial  thrombi  have  been  dem- 
onstrated in  the  vessels  of  the  iris,  ciliary  body,  chorioid,  retina,  conjunctiva, 
ocular  muscles,  and  orbital  tissue. 

Purulent  chorioiditis  occurring  in  the  course  of  meningitis  is  attrib- 
uted to  direct  extension  of  the  morbid  process  along  the  lymph-spaces  of 
the  optic  nerve.  It  occurs  chiefly  ir.  children,  and  in  the  course  of  epidemic 
cerebro-spinal  meningitis. 

Post-partum  metastatic  ohcviiiditis  usually  appears  between  the  sixth 
and  fourteenth  days  after  delivery,  and  is  more  frequently  unilateral  than 
bilateral.  It  is  a sign  tf  the  gravest  import.  Often  there  is  rapid  loss 
of  vision  with  little  pain  and  few  external  signs  of  inflammation.  Cir- 
cumcorneal  injection,  hitic  adhesions,  hypopyon,  with  slight  pain,  are  soon 
followed  by  the  symptoms  of  acute  panophthalmitis,  perforation  of  the 
globe,  a discharge  of  pus,  and  shrinking  of  the  eye.  Of  sixty-three  cases 
collected  hy  A xenf eld,  twenty-two  were  bilateral. 
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Symptoms. — The  disease  is  announced  by  headache,  vomiting,  rise  of 
temperature,  pain  in  the  eye  and  head,  with  the  ordinary  signs  of  iridocy- 
clitis, and  rapid  and  total  loss  of  vision.  Intra-ocular  tension  is  at  first 
increased,  but  later  becomes  decreased.  The  disease  runs  its  course  in  from 
three  to  six  weeks  and  ends  in  blindness,  with  shrinking  of  the  globe. 
Ophthalmoscopic  examination  very  early  in  the  case  will  show  numerous  foci 
of  exudation  into  the  chorioid  and  retina.  In  a few  hours  the  media  will 
be  clouded.  The  vitreous  will  be  filled  with  fine  opacities,  the  fundus  pre- 
senting a dense,  yellowish  reflex.  Iritis,  exudation  into  the  pupil,  chemosis, 
and  sometimes  exophthalmos  rapidly  follow.  Early  perforation  at  the  cor- 
neoscleral junction  is  not  uncommon. 

Diagnosis . — The  diagnosis  of  metastatic  chorioiditis  is  not  usually  diffi- 
cult, provided  the  surgeon  obtains  the  history  of  the  case  and  makes  an 
ophthalmoscopic  examination.  The  more  severe  cases,  with  pain,  iridocy- 
clitis, and  conjunctival  chemosis,  are  to  be  spoken  of  as  examples  of  meta- 
static panophthalmitis,  while  those  of  less  severity,  in  which  the  lesions  are 
confined  to  the  fundus,  are  known  as  cases  of  metastatic  chorioiditis. 

In  the  case  of  children,  when  purulent  chorioiditis  follows  meningitis 
or  thrombosis  of  the  orbital  veins,  the  ophthalmoscopic  picture  may  re- 
semble that  of  neuroepithelioma  of  the  retina.  Usually,  however,  the 
presence  of  iritic  adhesions,  diminished  tension,  the  anterior  chamber 
being  deep  at  the  periphery  and  shallow  at  its  centre,  together  with  shrink- 
ing of  the  globe  and  the  usual  absence  of  vessels  upon  the  in  .ra-ocular  mass, 
will  serve  to  distinguish  pseudo-  from  true  neuroepithelioma.  The  diag- 
nosis is  further  discussed  in  the  chapter  on  the  ‘TIetina  ” In  case  of  doubt 
it  will  be  best  to  excise  the  eye. 

Prognosis  and  Treatment. — Since  metastatic  chorioiditis  occurs  in  the 
course  of  a grave  systemic  disease,  often  producing  death,  the  prognosis 
is  most  unfavorable.  If  life  is  save('  che  affected  eye  usually  remains 
blind.  In  some  instances  the  chorioiditis  due  to  meningitis  runs  a mild 
course  and  leaves  the  patient  wife  r small  amount  of  vision.  Metastatic 
chorioiditis  following  puerperal  septicemia  gives  a most  unfavorable  prog- 
nosis. Of  nine  cases  observed  by  Hirschberg,  all  died;  recoveries,  how- 
ever, have  been  recorded  by  Kipp  and  Wood.  Kipp's  case  was  unilateral 
and  Wood’s  was  bilateral.  In  the  stage  of  acute  suppuration,  in  metastatic 
chorioiditis,  Bull  pertc-ms  evisceration  for  the  relief  of  pain,  but  advises 
against  enucleation,  jwing  to  the  possible  danger  of  producing  meningitis. 
The  diagnosis,  however,  must  be  clear.  Less  heroic  measures  for  the  relief 
of  pain  a~e  t im  application  of  hot  compresses  and  the  administration  of  nar- 
cotics. When  the  eye  becomes  shrunken,  it  should  be  removed,  if  tender  to 
the  touch. 

Exogenous  Panophthalmitis. — This  term  indicates  an  acute  sup- 
perative  inflammation  of  the  eyeball  caused  by  trauma,  by  infection  fol- 
lowing the  perforation  of  a corneal  ulcer,  or  by  infection  following  pro- 
lapse of  the  iris.  In  other  words,  the  infection  is  from  without.  Most 
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cases  of  panophthalmitis  are  the  result  of  accidental  injuries,  such  as  pene- 
trating or  lacerated  wounds,  with  or  without  the  lodgment  of  a foreign 
body.  Exceptionally  the  disease  occurs  after  operations  made  upon  the 
eyeball  for  cataract,  or  glaucoma,  or  after  an  optical  iridectomy.  The 
frequency  of  such  disasters  will  vary  with  the  practice  of  different  surgeons. 

Symptoms. — Ectogenous  panophthalmitis  is  characterized  by  pain, 
rapid  and  total  loss  of  vision,  and  the  objective  signs  of  an  intense  inflam- 
mation. The  pain  is  often  excruciating  and  involves  the  eye  and  the  head. 
Constitutional  disturbances,  such  as  nausea  and  vomiting,  chills,  and  rise  of 
temperature,  are  present.  In  from  twenty-four  to  forty-eight  hours  after  in- 
fection the  objective  signs  are  unmistakable.  The  eyelids  are  swollen;  the 
tissues  supplied  by  the  pericorneal  and  conjunctival  vessels  are  intensely 
hyperemic;  the  chemotic  conjunctiva  may  protrude  beyond  the  eyelids;  the 


Fig.  290. — Panophthalmitis  and  orbital  cellulitis.  (W.  T oFJEMAKER.) 

cornea  is  cloudy  and  the  aqueous  is  muddy  or  purulent.  The  iris  is  lustre- 
less, hyperemic,  and  adherent  to  the  lens-capsule  The  eye  is  tender  to  the 
touch,  immobile,  and  shows  some  exophthalmos.  The  tension  is  increased 
until  after  the  occurrence  of  perforation , i ich  takes  place  at  the  site  of  the 
wound  (Fig.  6,  Plate  XI).  The  globe  shrinks  and  forms  a small,  deformed 
stump.  If  unchecked  by  operative  intervention,  the  entire  process  occupies 
many  weeks.  If  the  infection  Logins  in  the  depths  of  the  eye  after  the  lodg- 
ment of  a foreign  body,  the  c*ou°ous  and  cornea  may  remain  clear  for  some 
time  and  the  iris  may  be  movable.  In  such  cases  ophthalmoscopic  examina- 
tion shows  a yellowish  douosit  deep  in  the  vitreous.  With  a dilated  pupil  a 
yellowish  reflex  is  :een  hy  ordinary  inspection. 

Pathology. — hlitroscopic  examination  shows  the  chorioid  and  retina 
filled  with  rouju-eell  infiltration,  and  in  many  cases  these  structures  are 
obliterated,  tl  eir  place  being  occupied  by  areas  of  round  cells,  coagulated 
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material,  and  pigment  grannies.  The  veins  show  thrombosis,  the  arteries 
contain  emboli,  and  the  smaller  vessels  present  hyalin  swelling.  Various 
forms  of  streptococci  and  staphylococci  are  present.  Macroscopically  it 
will  be  observed  that  the  enucleated  globe  scarcely  resembles  the  eyeball, 
owing  to  the  great  thickening  of  the  sclera.  The  separate  structures  of  the 
eye  have  lost  their  individuality,  and  the  thickened  scleral  cup  contains 
pus,  blood,  and  detritus.  The  thickening  involves  the  sclera,  the  optic 
nerve,  and  its  sheaths.  Tenon’s  space  is  obliterated  by  adhesion  of  the 
capsule  to  the  sclera,  and  thus  exophthalmos  is  produced. 

Diagnosis. — Ordinarily  there  can  be  no  doubt  about  the  nature  of  the 
disease.  The  history  of  the  case  will  generally  leave  no  question  as  to 
diagnosis.  Chemosis  of  the  conjunctiva  and  swelling  of  the  eyelids  due  to 
purulent  or  to  diphtheritic  conjunctivitis  will  present  a profuse  conjunctival 
discharge.  In  panophthalmitis  such  a discharge  is  absent.  Orbital  phleg- 
mon, tenonitis,  thrombosis  of  the  cavernous  sinus,  and  panophthalmitis  all 
present  swelling  of  the  lids,  conjunctival  chemosis,  exophthalmos,  and 
immobility  of  the  globe.  Panophthalmitis,  however,  shows  suppuration 


Fig.  291. — Section  of  a panophthalmitic  eye.  (Yurdemann.) 

within  the  globe,  while  in  the  other  affection^,  which  have  been  mentioned, 
the  anterior  part  of  the  eyeball  is  of  normal  appearance. 

Prognosis  in  panophthalmitis  is  distinctly  bad  as  far  as  vision  is  con- 
cerned, but  is  favorable  as  relates  ti  life  and  to  the  integrity  of  the  other 
eye.  Recent  experiments  in  m :a  ocular  disinfection  which  were  made 
by  Ostwalt  upon  rabbits,  and  some  clinical  observations  by  Haab,  who  suc- 
cessfully employed  iodoform  intra-ocularly  to  check  suppuration,  seem  to 
show  that  the  prognosis  of  panophthalmitis  will  be  more  favorable  in  the 
future  than  it  has  bcc o in  the  past. 

Treatment. — \ patient  with  panophthalmitis  should  be  sent  to  bed. 
Anodynes  should  bp  given  to  relieve  pain.  Atropin  should  be  instilled  thrice 
daily  and  laxatives  administered.  If  a foreign  body  is  present,  it  should  be 
removed.  A:  regards  the  treatment  of  the  eye,  one  of  the  following  pro- 
cedures may  be  employed:  (1)  intra-ocular  disinfection  by  iodoform  may 
be  tried,  (2)  the  suppurating  eye  may  be  regarded  as  an  abscess  and  treated 
by  incision,  (3)  incision  may  be  combined  with  excision  of  the  cornea 
and  evisceration  of  the  contents  of  the  globe,  or  (4)  an  enucleation  may 
De  made. 

1.  The  introduction  of  small  pieces  (one  and  one-half  to  two  milli- 
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metres  thick)  of  iodoform  into  the  anterior  chamber  has  been  successful 
in  curing  intra-ocular  infection  which  otherwise  would  have  resulted  in 
panophthalmitis  and  loss  of  the  eye.  If  si  foreign  body  is  present  it  should 
first  be  removed.  Haab’s  success  has  been  confirmed  by  the  experience  of 
others  (Goldzieher  and  Koemer).  The  iodoform  should  be  specially  pre- 
pared by  sterilization  and  is  introduced  by  an  instrument  passed  through 
a wound  made  in  the  cornea.  The  observations  concerning  this  method  of 
treatment  are  too  few  to  permit  of  final  judgment  as  to  its  value. 

2.  Incision  of  the  panophthalmitic  globe  relieves  pain  and  shortens  the 
duration  of  the  disease.  The  globe  can  be  opened  with  a knife,  or,  as 
de  Lapersonne  prefers,  with  the  galvanocautery.  The  eye  is*  treated  like 
an  abscess. 

3.  Incision,  with  excision  of  the  cornea  and  evisceration,  is  a favorite 
method  with  those  surgeons  who  fear  meningitis  after  enucleation.  The 
cornea  is  removed  and  the  interior  of  the  eye  is  cleansed  by  forceps  wrapped 
with  gauze,  thus  removing  the  remains  of  the  retina  and  uveal  tract. 
Gauze  is  placed  in  the  scleral  cup  and  the  eye  is  dressed  daily.  This  method 
results  in  the  formation  of  a small  stump,  over  which  an  artificial  eye  can 
be  worn. 

4.  Enucleation  in  panophthalmitis  is  practiced  by  many  surgeons,  but 
is  violently  opposed  by  others  on  the  ground  that  it  may  cause  meningeal 
infection.  While  the  author  does  not  hesitate  to  enucleate  panophthalmitic 
eyes,  he  feels  the  last  word  has  not  been  said  regarding  this  operation. 
Meningitis,  however,  has  been  known  to  occur  after  evisceration,  and  ako 
has  followed  panophthalmitis  which  was  not  treated  by  operation. 


INJURIES  OF  THE  CHORIOID. 

Wounds  of  the  Chorioid  occur  in  connection  with  wounds  of  the  sclera, 
and  should  receive  careful  treatment.  The  chorioid  should  j.ot  be  sutured, 
but  the  sclera  and  conjunctiva  can  be  sewed,  careful  attention  being  given 
to  cleanliness.  Although  the  primary  result  may  be  encouraging,  secondary 
retinal  detachment  often  occurs. 

Foreign  Bodies  lodging  in  the  chorioid  should  receive  the  treatment 
mentioned  in  the  chapter  on  the  “Sclera”  foage  371). 

Chorioidal  Hemorrhage  may  occur  without  rupture  of  the  retina,  as  a 
result  of  trauma  or  idiopathically  in  the  early  stage  of  an  exudative  cho- 
rioiditis. The  hemorrhage  m?v  be  into  the  structure  of  the  membrane  or 
between  it  and  the  sclera.  The  Jood  forms  a bright-red  or  brown,  oval  or 
circular  spot,  over  which  retina1  vessels  run.  The  blood  gradually  becomes 
absorbed,  leaving  a white,  atrophic  spot,  with  some  pigmentation.  Acute 
glaucoma  may  be  nroaecfd  by  chorioidal  hemorrhage.  Differentiation  be- 
tween hemorrhage  info  the  superficial  layers  of  the  chorioid  and  that  into 
the  deeper  layers  ot  the  retina  is  impossible.  Hemorrhage  into  the  nerve- 
fibre  layer  of  ;he  retina  presents  a flame-shape  in  marked  contrast  to  the 
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rounded  or  oval  patch  of  chorioidal  hemorrhage.  In  a case  of  hemorrhage 
under  the  author’s  care  the  condition  was  caused  by  a blow,  and  appeared 
as  a circular  black  S£ot,  one-eighth  the  size  of  the  optic  disc,  situated  imme- 
diately below  the  macula.  Six  years  after  the  injury  vision  was  2%0. 
The  treatment  includes  rest,  atropin,  and  smoked  glasses,  with  diaphoretics 
and  mercurials. 

Detachment  of  the  Chorioid,  aside  from  being  caused  by  malignant 
tumors,  is  probably  of  much  more  frequent  occurrence  than  would  be  sup- 
posed from  the  limited  literature.  It  is  caused  by  trauma,  chronic  inflam- 
matory processes  with  shrinking  of  the  vitreous,  chorioidoretinitis  with 
adhesions  between  the  two  structures,  and'  serous  effusions  between  the 
chorioid  and  sclera.  It  may  follow  the  sudden  reduction  of  intra-ocular 
tension,  and  is  one  of  the  unfortunate  accidents  of  glaucoma  and  cataract 


Fig.  292. — Ruptures  of  the  choroid.  (Knapp.) 


The  figure  at  the  left  shows  a vertical  tear  at  tht  lef-  of  the  optic  disc  and  an  exudation 
at  the  right.  The  figure  at  the  right  presents  tv„  ruptures  of  the  chorioid  and  a hemorrhage 
in  the  region  of  the  macula.  In  both  illustrate 'ms  retinal  vessels  are  seen  crossing  unbroken 
over  the  ruptures. 


operations.  The  detached  portion  forms  a rounded,  brown,  smooth  mass, 
resembling  a vesicle,  but  without  the  folding  and  flapping  of  the  mass 
which  are  features  of  retinal  detachment.  Secondary  detachment  of  the 
retina  may  occur  in  these  cases.  Eyes  in  which  the  chorioid  is  detached 
often  end  in  atrophy  of  the  globe.  The  treatment  of  the  condition  is 
rest  by  atropin  a id  tne  use  of  the  bandage. 

Rupture  01  ine  Chorioid  follows  severe  injuries,  particularly  con- 
cussions and  Jgws  with  blunt  instruments,  but  in  many  cases  it  arises  from 
blows  thaL  uie  apparently  insignificant;  and  is  often  obscured  by  hemor- 
rhage mto  the  vitreous.  After  this  clears  the  tear  in  the  chorioid  can 
be  se.m  as  a long,  narrow,  often  sickle-shaped  separation.  According  to 

Knapp,  it  is  rarely  combined  with  laceration  or  detachment  of  the  retina. 

Tt  is  usually  found  at  the  posterior  pole,  since  here  the  chorioid  is  bound 

to  the  sclera  by  the  entering  ciliary  vessels,  and  generally  is  found  on  the 
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temporal  side.  Its  direction  in  most  cases  is  vertical,  although  horizontal 
tears  have  been  observed.  The  rupture  at  first  is  yellowish,  but  later  becomes 
white.  Its  margins  are  bordered  by  pigment,  and  often  the  retinal  vessels 
can  be  seen  running  across  the  break.  The  damage  may  end  with  the 
rupture,  or  the  chorioid  may  undergo  a chronic  atrophic  process.  When 
located  near  the  macula,  rupture  of  the  chorioid  damages  vision.  Small 
ruptures  are  said  sometimes  to  unite  spontaneously;  large  ones  always 
remain.  The  treatment  is  atropin,  aperients,  the  application  of  leeches 
to  the  temple,  and  rest.  Often  other  lesions  of  the  eye  occurring  at  the 
same  time  are  regarded  as  of  greater  moment,  and  many  of  these  cases  are 
diagnosticated  as  traumatic  iridocyclitis,  the  rupture  in  the  chorioid  being 
either  entirely  overlooked  or  discovered  late  in  the  history  of  the  case. 
There  is  often  dilation  of  the  pupil,  paralysis  of  accommodation,  hemor- 


Fig.  293. — Colloid  change  in  the  macular  region.  (F*:  Sen  vteixitz.) 

rhage  into  the  vitreous,  scotoma,  and  great  reduction  in  visual  acuity.  Not 
infrequently  vision  improves  for  some  wecKs  after  the  injury  and  then 
becomes  permanently  bad,  owing  to  contraction  of  the  scar- tissue  formed 
in  the  chorioidal  gap : a fact  which  be?  r°  directly  on  prognosis.  Detach- 
ment of  the  retina  sometimes  occurs  late  in  these  cases. 

Colloid  Disease  of  the  Macular  Region. — A rare  condition  of  the 
macular  region,  which  is  symmetric  and  which  may  be  mistaken  for  cen- 
tral chorioiditis,  is  the  occurrence  of  colloid  formations  resembling  those 
found  in  the  nerve-head.  In  a case  observed  by  the  author  both  maculae 
were  occupied  by  rounded,  yellowish  bodies  lying  beneath  the  retinal  ves- 
sels, and  presenting  a mulberry-like  appearance.  The  patches  were  oval 
and  equal  in  lengili  to  two  disc  diameters.  The  patient  was  a man,  aged 
41  years,  and  vision  was  normal.  Three  similar  cases  have  been  seen  by 
de  SchweinitZ  JSTettleship  has  described  a similar  case  as  central,  guttate 


436 


MODERN  OPHTHALMOLOGY. 


chorioiditis  with  normal  vision.  His  patient  showed  “a  number  of  small, 
perfectly  circular,  pale,  grayish-yellow  spots  thickly  congregated  at  the 
yellow-spot  region,  and  more  thinly  scattered  all  around  that  part,  reaching 
on  the  nasal  side  as  far  as  the  disc/’  According  to  Dimmer,  the  change 
is  a simple  colloid  degeneration.  The  excrescences  are  located  in  the  lamina 
vitrea  of  the  chorioid.  The  condition  does  not  call  for  treatment.  Cho- 
rioiditis can  be  excluded  by  the  fact  that  vision  is  normal. 

Atrophy  of  the  Eyeball. — Plastic  inflammation  of  the  uveal  tract 
(iridochorioiditis)  often  ends  in  a condition  in  which  the  eyeball  becomes 
soft  and  lessened  in  all  its  diameters.  The  globe  is  irregular  in  shape 
from  wrinkling  of  the  sclera.  The  retina  becomes  detached.  When  the 
exudation  lies  chiefly  behind  the  lens,  the  anterior  chamber  will  become 
shallowed.  If  the  force  of  the  contracting  exudate  is  exerted  more  in  a 
backward  direction,  the  chamber  will  be  deepened.  The  condition  is  known 
as  atrophy  of  the  globe,  and  is  irremediable.  Often  the  optic  nerve  also 
becomes  atrophic.  An  atrophic  globe,  on  section,  presents  the  various 
tunics  much  altered.  Such  an  eye  may  be  tender  upon  pressure,  and  may 
cause  sympathetic  irritation  or  sympathetic  ophthalmitis.  If  tender,  the 
atrophic  globe  should  be  removed. 

Phthisis  Bulbi. — This  term  is  applied  to  shrunken  globes  :n  which  the 
shrinking  follows  panophthalmitis  with  perforation  of  the  sacra  or  cornea. 
The  process  is  a rapid  one,  the  diminution  in  size  being  brought  about 
by  a partial  loss  of  the  intra-ocular  contents  and  by  contraction  of  exudates. 
While  in  atrophy  the  altered  membranes  can  be  distinguished,  in  phthisis 
bulbi  the  retina  and  uveal  tract  are  destroyed  ty  suppuration.  The  stump 
in  phthisis  bulbi  is  usually  small  and  innocuous.  Hence  an  enucleation 
is  not  usually  necessary.  If,  however,  the  stump  is  tender  on  pressure,  it 
should  be  removed.  As  in  atrophy,  so  in  phthisis,  the  optic  nerve  becomes 
atrophic. 

Ophthalmomalacia  (Essential  Ph'hisis  Bulbi). — An  obscure  and  rare 
condition,  which  was  described  b}  ^01  Craefe,  is  ophthalmomalacia.  In  this 
disease  •diminution  of  intra-ocukx  tension,  pain,  photophobia,  miosis,  partial 
ptosis,  and  rapid  shrinking  op  the  globe  occur  without  hyperemia  and  without 
assignable  cause.  The  ^iseuse  may  be  intermittent  and  sometimes  has  fol- 
lowed injuries.  It  is  probably  dependent  on  a lesion  in  the  sympathetic 
nerve.  Fuchs  states  that  the  prognosis  is  favorable.  Treatment  must  be 
limited  to  impro  rement  of  the  general  health. 


CHAPTER  XIII. 


DISEASES  OF  THE  CRYSTALLINE  LENS. 

The  crystalline  lens  is  subject  to  congenital  anomalies,  to  opacities, 
and  to  injuries.  Being  a non-vascular  body,  it  is  not  liable  to  inflammation. 
It  is  greatly  influenced  by  the  state  of  the  other  ocular  structures  and  by  the 
general  condition. 


CONGENITAL  ANOMALIES. 

They  generally  consist  in  coloboma,  microphakia,  lenticonus,  aphakia, 
luxation,  and  cataract. 


Fig.  294. — Binocular  coloboma  of  the  lens  without  col  obama  jf  the  iris  or 
chorioid.  (Author.) 


Coloboma  of  the  Lens  is  a rare  condition,  about  one  hundred  and  fifty 
cases  having  been  recorded.  Generally  only  one  lens  is  involved.  In  most 
instances  the  defect  is  in  the  lower  inner  part,  which  presents  an  irregular, 
ragged  line,  but  exceptional  cases  have  i recorded  by  Schiess,  Lang,  Bron- 
ner,  and  Payne,  in  which  the  defect  'T  as  outward  or  upward  and  outward. 
Doyne  described  a case  of  coloboma  of  the  iris  and  chorioid,  with  projection 
of  the  corresponding  margin  c*  the  lens.  Commonly,  in  lenticular  coloboma, 
the  iris  and  chorioid  also  show  colobomata.  Iridodonesis  is  often  present, 
and  the  patient  may  show  abnormities  of  other  parts  of  the  body.  Gen- 
erally the  refraction  is  nyopic.  Vision  is  much  reduced  and  accommoda- 
tion is  weakened  or  absent. 

The  causi  A coloboma  is  a subject  of  speculation.  A rational  view 
in  regard  to  it  is  that  of  Treacher  Collins.  He  attributes  it  to  the  absence 
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of  adhesions  between  the  pars  ciliaris  retinae  and  the  lens-capsule  in  one 
part  of  its  circumference  in  early  fetal  life.  In  consequence  of  this  there 
is  an  absence  of  the  suspensory  ligament  at  that  point.  Hence,  as  the 
eyeball  becomes  enlarged,  that  part  of  the  capsule  to  which  the  ligament 
is  not  attached  is  not  held  taut,  producing  a depression  in  that  situation. 

The  best  treatment  is  the  correction  of  the  refraction.  Search  should 
be  made  for  astigmatism. 


Fig.  295. — Lenticomis  anterior.  (Modified  from  Werster.) 


Microphakia. — Cases  of  abnormally  small  lens  are  extreme1}  tare. 
Eeik  has  reported  one  with  iridodonesis  in  a rachitic  infant.  Hartridge 
has  seen  a brother  and  sister  with  small,  transparent,  and  ^eT-formed 
lenses.  There  is  a space  between  the  margin  of  the  iris  and  the  periphery 
of  the  lens,  as  is  shown  ophthalmoscopically  with  a dilated  pupil.  Treat- 
ment will  depend  on  accompanying  conditions.  If  the  lens  is  opaque  it 
should  be  needled. 


Fig.  296. — Lentil  nils  ^csterior  in  a buphthalmic  eye.  (Modified 
from  Pergens.) 

Lenticonus  — n his  is  a cone-shaped  projection  of  the  anterior,  rarely 
of  the  posteric",  curface  of  the  lens.  The  refraction  is  myopic  in  the 
projecting  a^ea  and  hypermetropic  in  the  surrounding  part.  A few  cases 
are  on  of  lenticonus  changing  into  lentiglobus.  The  disease  is  gen- 

erally unilateral.  Anterior  lenticonus  is  supposed  to  be  caused  by  adhesion 
o^  the  .ens  to  the  cornea  in  early  fetal  life,  while  the  posterior  form  is 
explained  by  traction  exerted  by  persistent  fetal  vessels.  The  anterior 
li  rm  can  be  seen  by  oblique  examination  and  the  posterior  may  be  recog- 
nized by  the  peculiar  shadow-crescents  obtained  by  the  fundus-reflex  test; 
also  by  the  double  ophthalmoscopic  images  of  the  fundus.  Knapp  says 
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that  on  movement  of  the  mirror  blood-vessels  and  circles  and  crescents  of 
light  and  shadow  in  kaleidoscopic  movements  will  be  seen.  There  is  no 
particular  treatment  aside  from  the  correction  of  the  error  of  refraction. 
In  cases  of  double  lenticonus  needling  of  one  lens  can  be  tried. 

Congenital  Aphakia. — Cases  of  congenital  absence-  of  the  lens  are  on 
record.  Dunn  has  reported  one  with  a central  cord  in  the  vitreous  humor 
corresponding  with  the  previous  position  of  the  hyaloid  artery. 

Congenital  luxation  of  the  lens  (Ectopia  Lentis)  is  often  an  heredi- 
tary condition,  affecting  numerous  members  of  a family.  The  lens  is 
usually  displaced  outward,  from  disturbance  of  the  suspensory  ligament. 
Luxation  may  exist  in  company  with  coloboma  of  the  iris  and  chorioid,  or 
corectopia  may  be  present.  The  ophthalmoscope  shows  double  images  of 
the  fundus.  If  the  margin  of  the  lens  crosses  the  pupil  it  will  appear  as 
a dark  border.  The  treatment  of  ectopia  lentis  consists  in  prescribing 
glasses.  If  the  lens  occupies  the  greater  part  of  the  pupillary  area,  the 
refraction  is  myopic.  Search  should  always  be  made  for  astigmatism.  If 
the  lens  is  opaque,  it  should  be  removed  by  needling  or  extraction  in  accord- 


ance with  its  condition.  A few  cases  in  which  the  lens  remained  in  the 
vitreous  chamber,  attached  to  the  optic  nerve,  have  been  reported. 


CATARACT. 

Cataract  is  an  opacity  of  the  crystalline  lens,  or  of  its  capsule,  or  of 
both.  It  consists  of  three  main  types:  capsular,  lenticular,  or  capsulo- 
lenticular.  It  may  be  congenital  or  acqunca.  It  is  either  traumatic  or 
idiopathic,  and  may  be  partial  or  comph  te.  It  may  be  primary,  or  sec- 
ondary to  disease  or  to  an  operation  , symptomatic  of  a systemic  disturbance; 
simple  or  complicated ; juvenile  or  senile ; stationary  or  progressive;  hard, 
soft,  or  fluid.  It  may  be  white,  black,  brown,  or  yellow  in  tint.  The  loca- 
tion of  the  opacity  in  the  various  forms  is  shown  in  Fig.  298. 

Senile  Cataract  (Gray,  or  Simple,  Cataract). — This  is  often  called 
hard  cataract,  and  appears  generally  after  the  forty-eighth  year.  Sooner 
or  later  both  eyes  become  affected.  There  is  a gradually  increasing  loss 
of  vision.  Often  a “spider’s  web”  appears  before  the  eyes.  If  the  opacity 
is  central,  the  Tatient  sees  better  on  a cloudy  than  on  a bright  day.  If 
the  periohei  v of  the  lens  is  opaque,  the  reverse  is  true.  In  uncomplicated 
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cases  there  is  not  any  redness  or  pain  about  the  eye.  As  a rule,  the  patient 
attributes  his  defective  vision  to  faulty  glasses,  objects  appearing  as  through 
a mist  or  smoke.  In  the  early  stages  the  lens  is  swollen,  the  refraction  is 
increased,  and  often  the  patient  can  see  without  glasses,  giving  a condition  of 
so-called  “second  sight.”  The  increase  in  refraction  may  amount  to  3 D. 
Commonly  it  is  from  0.50  to  1 D.  In  some  cases  there  is  a transient  hyper- 


A B 


Fig.  298. — Location  of  opacity  in  different  forms  of  cataract. 


A,  Complete  capsulo-lenticular  cataract.  B,  Anterior  polar  cataract.  C,  PnS,  ri r r polar 
cataract.  B,  Cortical  cataract.  E,  Nuclear  cataract.  F,  G,  H,  Various  fo-is  uf  lamellar 
cataract.  It  Axial  cataract.  L}  Traumatic  rupture  of  lens-capsule  with  ».wel/ng  of  lens- 
substance. 


emia  of  the  conjunctiva  from  eyestrain.  Any  cor.Lim.jd  redness  of  the 
corneoscleral  junction  must  be  looked  on  with  suspici  on,  and  will  lead  the 
examiner  to  seek  for  more  than  cataract.  Monocular  diplopia  or  polyopia  is 
often  present  in  the  formative  period.  The  anterior  chamber  is  ordinarily 
of  normal  depth.  It  may  be  shallowed,  and,  if  so,  it  indicates  a swollen 
lens.  If  it  is  deepened,  it  shows  that  there  is  a small  lens.  In  uncompli- 


cated cataract  there  is  not  any  tremulousness  of  the  iris.  The  iris  should 
respond  f°  light.  If  it  does  not,  search  should  be  made  for  some  causative 
reason,  such  as  iritic  adhesions,  nervous  disease,  or  morphinism.  To  the 
unaided  eye  the  patient’s  pupil  appears  dark  in  the  early  stage  of  cataract, 
or  it  may  present  the  natural  smoky  hue  of  old  age;  later,  except  in  the 
rare  form  of  black  cataract,  the  pupil  becomes  white,  gray,  or  brownish. 
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The  patient’s  vision  gradually  diminishes  until  he  can  distinguish  only 
light  from  darkness. 

Diagnosis  — Since  the  lens  of  the  old  person  naturally  has  a smoky 
look,  it  is  always  unsafe  to  make  a diagnosis  of  cataract  by  ordinary  inspec- 
tion. In  suspected  cases  it  is  of  importance  that  a correct  diagnosis  be 
made  early.  The  catoptric  test,  the  ophthalmoscope,  and  oblique  illumina- 
tion are  all  of  value  in  the  diagnosis.  The  catoptric  examination  is  of 
value  for  the  determination  of  the  presence  of  the  lens  and  the  location  of 
an  opacity.  It  depends  on  the  fact  that  when  a light  is  held  in  front  of 
a healthy  eye  three  images  of  the  flame  are  seen.  The  first  and  second, 
which  are  erect,  are  produced  by  the  anterior  surfaces  of  the  cornea  and  lens, 
respectively;  the  third,* which  is  inverted,  is  produced  by  the  concave  pos- 
terior boundary  of  the  lens.  The  first  and  second  move  in  the  same  direction 
as  the  light,  while  the  third  moves  in  an  opposite  direction.  If  the  lens  is 
opaque,  the  third  image  is  lost,  while  the  second  becomes  dimmed;  if  there 

A » 


Fig.  300. — Appearance  of  cataract.  (Bach.) 

A,  With  reflected,  and,  B,  with  transmitted,  light. 

is  an  absence  of  the  deeper  erect  image,  it  indicates  an  opacity  of  'Lie  anterior 
capsule.  Properly  to  examine  an  eye  for  cataract  a weak  mydiiat  c is  neces- 
sary, preferably  a few  drops  of  a 10-per-cent,  strength  solution  of  euphthal- 
min!  A stronger  mydriatic  should  not  be  used,  since  it  may  cause  an  attack 
of  glaucoma.  In  the  examination,  light  from  a concave  nirror  should  be 
thrown  into  the  dilated  pupil,  from  a point  distant  about  one  metre,  or  closer. 
If  black  striae  or  spots  appear  on  the  red  fund  as  rtflex,  there  is  an  opacity 
probably  in  the  cornea,  lens,  or  vitreous.  The  location  of  the  opacity  can 
be  determined  by  the  parallax  test,  by  obliquo  illumination,  or  by  direct  oph- 
thalmoscopy. If  the  lens  is  almost  wholly  opaque,  the  red  reflex  from  the 
fundus  will  be  correspondingly  reduced.  If  the  lens  is  wholly  ripe,  the 
reflex  will  be  absent.  An  incipient  cataract  may  present  numerous  small 
round,  black  dots  instead  tf  black  lines  on  a red  field.  The  condition  of 
the  fundus  should  be  determined,  if  possible.  If  the  cataract  is  mature 
there  is  no  shadow  betw  ien  the  lens  and  iris-margin,  such  as  that  shown 
in  Fig.  301 ; and  no  red  reflex  when  light  is  thrown  directly  into  the  eye. 
Glaucoma  is  soicetin.es  called  cataract,  with  fatal  result  to  vision. 

In  glaucoma  t .iere  is  corneoscleral  redness,  increased  tension,  a dilated 
pupil,  and  ofi-n  a beginning  opacity  of  the  lens.  A practitioner  unfamiliar 
with  diseases  of  the  eye  may  call  such  a case  cataract,  advise  the  patient 
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to  wait  until  the  lens  is  ripe,  and  thus  consign  the  poor  victim  to  blindness. 
Where  the  media  are  clear,  the  ophthalmoscope  shows  glaucomatous  excava- 
tion of  the  nerve-head,  with  arterial  pulsation  either  spontaneously  present 
or  produced  by  slight  pressure.  Pain  is  often  present  in  glaucoma. 

Course. — Cataract  is  usually  progressive,  but  may  remain  stationary 
for  many  years.  This  is  particularly  true  of  the  cortical  form.  The  period 
between  incipiency  and  full  maturity  varies  from  one  to  three  or  more 
years.  The  opacities  may  begin  centrally  or  peripherally  as  clearly  defined 
lines  or  as  dots  scattered  through  the  cortex.  If  a cataract  becomes  over- 
ripe and  undergoes  liquefaction,  the  nucleus  becoming  movable  in  the  cap- 
sule, the  condition  is  called  a Morgagnian  cataract.  In  these  cases  the 
iris  is  tremulous.  Fatty  and  calcareous  changes  may  occur  in  old  cases. 

Etiology. — In  many  instances  cataract  must  be  regarded  as  a phys- 
iologic process  which  is  incident  to  age.  The  frequent  occurrence  of 
chorioidal  changes  in  so-called  senile  cataract  is  illustrative  of  pathologic 
states  which  affect  the  nutrition  of  the  eyeball.  Not  infrequently  it  stands 


Fig.  301. — Shadow  of  iris  seen  in  unripe  cata.act  (Bach.) 

in  causative  relationship  with  general  diseace,  such  as  diabetes,  nephritis, 
etc.  Heredity,  exposure  to  great  heat,  ergotism,  arterial  sclerosis,  uric- 
acid  diathesis,  eyestrain,  malnutrition  and  starvation,  and  traumatism  are 
etiologic  factors.  Often  the  etiology  of  cataract  will  be  in  doubt.  In  some 
cases  it  must  be  attributed  to  the  influence  of  several  factors. 

Pathology. — As  a general  rule,  the  cataractous  lens  contains  rela- 
tively less  water  and  more  solids  than  the  non-cataractous.  W.  J.  Collins 
believes  that  this  dehydration,  associated  with  opacification,  is  in  no  sense 
dependent  upon  changes  wh  ch  are  the  result  of  age,  and  has  no  relation- 
ship with  the  ordinary  senile  ones.  The  cataractous  lens  is  lighter  in 
weight  and  is  smaller  in  size  than  the  clear  lens.  Berzelius  considered  the 
chemic  change  in  cataract  to  be  a coagulation  of  albuminoids  and  an 
increase  of  sa  ts,  cholesterin,  lecithin,  fat,  and  extractives.  In  cataract 
the  growtix  uf  lens-fibres  stops;  their  separation  occurs,  producing  spaces 
which  become  filled  with  an  albuminous  liquid.  This  fluid  coagulates  and 
forms  granular  masses,  which  are  known  as  the  spheres  of  Morgagni.  Some 
of  he  lens-fibres  become  swollen  and  remain,  while  others  are  changed 
into  vesicle-like  cells.  The  lenticular  epithelium  thickens,  and  the  cortical 
lens-fibres  disintegrate,  while  the  central  fibres  remain  unchanged. 

Prognosis. — The  condition  of  the  other  ocular  structures,  particu- 
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larly  the  retina  and  ehorioid,  as  well  as  the  general  health,  have  their 
influences  on  the  outcome  of  cataractous  lenses.  If  the  rest  of  the  visual 
apparatus  is  healthy,  the  patient,  even  with  a mature  cataract,  will  be  able 
to  recognize  the  location  of  a distant  light  in  every  part  of  the  visual  fie  . 

If  he  suffers  from  disease  of  the  external  ocular  structures,  such  as  inflam- 
mation of  the  lids,  conjunctiva,  or  lacrimal  apparatus,  this  should  be 
remedied  before  any  operation  is  performed.  If  iritic  adhesions  are  present, 
an  iridectomy  should  be  made.  The  general  condition  of  the  patient  is 
of  importance.  Age  per  se  is  not  a barrier  to  successful  operation. 

Treatment. — There  are  two  indications:  local  therapy  and  geneia 
care.  The  constitution  of  the  patient  should  be  Carefully  studied,  and 
errors  in  diet,  method  of  living,  etc.,  should  be  corrected.  Often  these 
subjects  will  receive  benefit  from  a course  of  treatment  directed  to  the 
intestinal  tract.  Their  tendency  to  indoor  life  should  be  checked.  In  t le 
early  stages  of  cataract  much  benefit  is  derived  from  a proper  correction 
of  refraction.  If  the  lens  ripens  slowly,  in  suitable  cases  one  of  the  opera- 
tions for  artificial  ripening  can  be  performed.  The  use  of  weak  strengths 
of  atropin  often  temporarily  improves  vision.  There  is  no  medicine  whici 
possesses  the  power  of  removing  cataract.  In  suitable  cases  the  cataract 

should  be  removed  by  an  operation. 

Congenital  Cataract.— Eyes  affected  with  this  condition  may  present 
a white  pupil,  in  which  case  the  condition  is  observed  early.  . It  may  exist 
in  the  form  of  limited  opacities  presenting  many  variations,  in  which  e^sc 
the  child  may  reach  the  school-age  before  visual  acuity  is  markedly-  dimin- 
ished. The  former  type  may  be  classed  as  complete  congenital  cataract, 

and  the  latter  is  spoken  of  as  incomplete. 

Complete  Congenital  Cataeact  is  to  be  treated  hi  medling,  as 
soon  as  observed,  even,  as  early  as  the  fourth  or  fifth  month.  The  pupil 
should  be  enlarged  by  a weak  mydriatic,  a general  anesthetic  is  to  be  admin- 
istered, and  the  anterior  capsule  is  to  be  opened  with  a cataract-needle, 
llepeated  operative  procedures  are  safer  than  a single  extensive  one.  t 
the  first  trial  only  a small  opening  in  the  caps  de  is  to  be  made.  Alter 
complete  subsidence  of  all  reaction  the  c Deration  can  be  repeated.  After 

operation  the  use  of  atropin  is  necessary.  . . 

Incomplete  Congenital  Cataract  presents  many  varieties,  i he 
following  forms,  which  are  to  be  attributed  to  disease  of  the  fetus  or  to  its 
faulty  development,  are  observed: 

(a)  Axial  cataract,  the  condition  in  which  the  opacity  extends  either 
partly  or  entirely  through  the  ieus  in  an  antero-posterior  direction.  Other 

forms  of  opacity  may  coexist  with  it. 

(b)  Anterior  volar  cataract,  appearing  bilaterally  as  a small  white 
dot  in  the  anterior  pole  of  the  lens,  is  due  to  maldevelopment  of  the  lens 
Its  etiology  is  unknown.  Acquired,  it  is  caused  by  perforation  of  a central 
ulcer  of  the  cornea;  hence  it  frequently  follows  ophthalmia  neonatorum. 
Often  it  is  unilateral. 
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(c)  Posterior  polar  cataract,  existing  as  a small,  white,  pyramidal 
mass  situated  at  the  posterior  pole  of  the  lens,  and  due  to  a persistent 
hyaloid  artery  or  to  a preceding  retinochorioidal  disease.  Microscopic  ex- 
amination shows  an  opaque  tissue  lying  beneath  the  capsule  of  the  lens. 

(d)  Zonular  (lamellar)  cataract,  the  most  common  variety,  showing 
many  peculiarities  in  the  form  and  location  of  the  opacities.  Often  it 
is  hereditary  and  occurs  in  scrofulous,  rachitic,  or  feeble  subjects,  the  opacity 
existing  between  the  nucleus  and  the  cortex.  In  "discoid  cataract”  the 
round  opaque  area  lies  between  the  nucleus  and  the  posterior  pole  of  the 
lens  (Xettleship) . 

( e)  Punctate  and  stellar  cataract,  which  have  been  occasionally  ob- 
served. 

( f)  Congenital  central  or  nuclear  cataract,  which  may  exist  alone  or  in 
combination  with  other  forms. 

(g)  Coralliform  cataract,  which  is  a rare  variety. 


Fig.  302. — Coralliform  cataract.  Autuoi;.) 


Treatment. — If  proper  glasses  give  tho  patient  sufficient  vision  to 
enable  him  to  obtain  an  education  and  follow  a vocation,  operation  is  not 
to  be  considered,  as  often  congenital  forms  < f cataract  may  remain  stationary 
for  many  years.  The  choice  of  operation  lies  among  a simple  iridectomy, 
lenticular  extraction,  and  discission.  The  iridectomy  should  be  made  oppo- 
site the  clearest  part  of  the  lens.  If  this  procedure  fails  to  improve  vision, 
a discission  or  extraction  must  be  done.  In  case  only  one  eye  is  affected 
with  incomplete  cataract  ;t  v best  not  to  operate,  since  the  removal  of  the 
cataractous  lens  produces  such  inequality  in  the  refraction  of  the  two  eyes 
that  binocular  vision  is  rendered  impossible.  There  are  cases  in  which  the 
operation  may  be  done  for  cosmetic  reasons. 

Soft  Cptaract. — Independent  of  those  opacities  which  are  congenital 
and  remain  unnoticed  for  long  periods  of  time,  there  i§  a form  of  cataract 
which  appears  between  the  ages  of  fifteen  and  thirty  years.  In  such  subjects 
the  leno ) as  not  formed  a hard  nucleus.  In  senile  cataract  the  nucleus  prac- 
tically remains  unchanged.  In  youth  it  is  prone  to  degenerative  changes. 
Ii  splits,  liquefies,  and  possibly  becomes  absorbed,  ending  in  calcification 
of  lens  debris,  with  capsular  thickening.  Often  while  a lens  is  undergoing 
degeneration,  fat,  cliolesterin,  and  lime,  with  a small  quantity  of  water, 
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will  be  found  in  it.  If  much  lime  and  considerable  fluid  be  present,  the 
lenticular  opacity  becomes  milky  in  character,  and  is  known  as  milky,  or 
lactate,  cataract.  If  the  entire  lens  is  calcified  and  shrunken,  the  condi- 
tion is  named  calcareous  cataract.  If  intracapsular  ossification  be  present, 
it  is  known  as  osseous  cataract.  If  only  a thickened  capsule  remains  it  is 
given  the  name  of  membranous  cataract.  Ordinarily,  the  juvenile  form 
of  cataract  appears  as  a large  mass  of  a mother-of-pearl  color.  The  patient 
may  be  apparently  in  perfect  health  or  be  the  subject  of  diabetes.  Some 
cases  of  juvenile  cataract  are  probably  due  to  some  such  condition  as  con- 

vulsions  or  a forgotten  trauma.  . . 

Treatment. — This  varies  according  to  the  condition  of  the  lens, 
the  lens  be  of  normal  dimensions,  appearing  as  a whitish  body  which  com- 
pletely fills  the  lenticular  space,  it  should  be  needled  several  times  a 
proper  intervals.  Usually  absorption  of  the  lens  occurs  with  a good  result 
Here,  as  in  other  such  operations  in  the  young,  the  use  of  a cycloplegic  and 
mydriatic  is  necessary  both  before  and  after  the  procedure. 

If  the  cataract  is  calcareous  or  membranous,  abstraction  of  the  mass, 
or  an  excision  of  the  central  portion  of  it,  is  the  proper  procedure,  as  ordi- 


Fig.  303.— Anterior  polar  cataract.  (Von  Ammon.) 


nary  discission  will  often  fail.  As  it  is  well  to  have  the  patient  com- 
pletely under  control,  it  is  advisable  to  employ  a general  anesthetic.  As 
a rule,  if  the  patient  has  one  good  eye,  operation  is  not  mvisable  except  for 

cosmetic  purposes.  ,, 

•Traumatic  Cataract. — As  its  name  indicates,  ira  imatic  cataract  usual  y 

arises  from  the  penetration  of  some  foreign  body,  with  or  without  its  reten- 
tion It  not  rarely  occurs  from  a blow  which,  at  che  time,  does  not  produce 
any ‘visible  change  in  any  part  of  the  eyeball.  Subsequently  the  lens 
becomes  opaque.  The  injury  may  ha-  e been  given  to  the  anterior  or  pos- 
terior capsule,  with  or  without  rupture  of  the  suspensory  ligament.  I he 
entire  lens  may  have  been  dislocated  and  may  become  opaque.  If  a foreign 
body  carries  infection  with  T,  the  case  is  much  complicated,  and  may  pass 
into  a condition  of  panopl  ti.aimitis.  A clean  foreign  body  may  lodge  in 
the  lens  without  exciting  any  trouble,  being  accidentally  found  years  after 
should  the  patient  be  operated  on  for  supposed  senile  cataract.  On  tie 
contrary,  a porl'on  of  the  lens  which  was  opaque  immediately  after  the 

trauma  may  become  transparent.  ^ ... 

There  is  j,  iarge  number  of  cases,  however,  in  which  such  an  injury  is 
followed  by  r,  non-septic  type  of  inflammation.  This  is  particularly  true 
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of  injuries  produced  by  thorns,  and  other  sharp  instruments,  such  as 
needles  or  knife-blades,  in  which  the  missile  is  withdrawn  at  the  time  of 
the  accident.  In  a few  hours  the  eye  becomes  red  and  injected.  There  is 
rapid  swelling  of  lens-substance.  At  times  there  is  a corresponding  increase 
in  intra-ocular  tension,  which,  unless  relieved,  destroys  the  eye  by  secondary 
glaucoma.  Usually  there  is  great  pain  with  corneoscleral  redness  and 
chemosis. 

Treatment. — In  the  acute  type  of  traumatic  cases  it  is  necessary  to 
employ  a 1-per-cent,  strength  solution  of  atropin,  sufficiently  often  to  secure 
maximum  dilation  of  the  pupil.  A weaker  solution  should  be  used  for 
children.  This  reduces  inflammation  and  prevents  iritic  adhesions.  The 
repeated  applications  of  hot  wet  cloths  are  useful  for  the  relief  of  pain. 
Under  no  circumstances  should  any  kind  of  poultice  be  applied  to  the 
eye.  It  is  often  advisable  to  remove  all  dressings  and  to  protect  the  eye 
from  light  by  dark  glasses.  If  intra-ocular  tension  increases,  an  imme- 
diate operation  for  its  relief  will  be  necessary.  In  such  cases  it  has  long 


Fig.  304. — Calcareous  cataract.  (Von  Ammon.) 

been  the  practice  of  the  profession  to  make  a linear  extraction,  incising  the 
cornea  with  a lance-shaped  knife  and  removing  the  lens  debris  through  the 
opening.  For  reasons  which  will  lc  given  at  length  in  the  latter  part  of  this 
chapter,  the  extraction  of  acute  traumatic  cataract  should  be  done  through  a 
large  opening  made  with  a von  Graefe  knife.  This  procedure  enables  the 
operator  to  remove  all  of  the  lens  at  one  sitting.  It  does  not  bruise  the  tis- 
sues and  gives  better  results  than  the  linear  operation.  In  cases  in  which 
there  is  not  much  increase  of  tension  the  inflammatory  symptoms  subside 
gradually  under  appropriate  treatment.  If  the  patient  is  young  and  all  signs 
of  inflammation  nave  disappeared,  the  cataract  can  be  needled.  If  the  case 
be  that  of  an  adult,  the  lens  can  be  extracted. 

Post  operative  Cataract.  This  is  another  type  of  traumatic  cataract. 
In  this  there  is  an  opacity  which  is  either  left  after  a cataract  operation  or 
appears  at  a later  date.  In  ordinary  extraction  the  anterior  capsule  is  cut 
t"  permit  egress  of  the  lens.  The  cut  edges  retract,  and,  in  favorable  cases, 
leave  an  unobstructed  area.  Ordinarily  the  posterior  capsule  is  not  inter- 
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fered  with.  At  times  lens  debris  and  proliferating  cells  of  the  anterior 
capsule  may  remain  and  form  an  obstruction  to  vision.  This  complica- 
tion requires  a secondary  operation  in  order  to  insure  a betterment  of  vision. 
So  frequent  is  the  occurrence  of  this  kind  of  obstruction  that  the  delivery  of 
the  lens  in  its  capsule,  or  a special  treatment  of  the  posterior  capsule  at 
the  time  of  extraction  or  a few  weeks  later,  has  been  advocated.  In  those 
cases  of  extraction  in  which  vitreous  humor  is  lost  the  posterior  capsule 
is  ruptured.  In  ordinary  senile  cataract  the  posterior  capsule  is  so  thin 
that  at  first  it  does  not  form  any  impediment  to  vision,  but  later,  usually 
after  one  or  two  years,  the  opaque  capsule  materially  reduces  vision.  It  is 
this  that  has  caused  the  belief  that  cataract  returns  after  operation. 

Course  and  Diagnosis. — The  changes  occurring  in  a capsule  after 
operation  are  these : The  anterior  capsule  is  drawn  away  from  the  pupillary 


Fig.  305. — Anterior  segment  of  a rabbit’s  eye  twenty-four  hours  f iter 
extraction  of  the  lens.  (Bates.) 


F,  Dense  fibrin  in  the  pupillary  area.  F',  Fibrin  behind  the  iris,  which  is  •'f  a lighter 
structure.  F"t  Fibrin  in  the  anterior  chamber,  i,  Iris  near  the  wound.  Iris  opposite 
the  wound.  C.B.,  Ciliary  body.  Ct  Cornea.  W,  Wound  of  the  cornea  ; ‘Se  .ris  is  caught 
between  its  inner  lips.  A.C.,  Anterior  capsule.  P.C.,  Posterior  capsuli. 


area  and  becomes  adherent  to  the  posterior  membrane ; the  capsular  epithe- 
lium and  lens  fragments  are  thus  shut  off  fiom  the  action  of  the  aqueous 
humor  and  the  membranes  become  thickened.  Idhesion  can  occur  between 
the  anterior  capsule  and  the  iris  or  the  edge  of  the  wound,  and  later  the 
iris  and  ciliary  body  are  dragged  by  the  contracting  membrane.  A chronic 
iridocyclitis  is  started  in  this  manner  and  may  end  in  atrophy  of  the 
globe.  Fortunately,  in  most  irscam.es,  the  inflammatory  process  subsides, 
allowing  the  institution  o*  oncrative  treatment.  More  formidable  cases 
are  those  in  which  the  ir^s  is  drawn  into  the  corneal  wound,  and  iris  and 
capsule  are  bound  into  a cicatricial  mass.  The  pupil  is  displaced  and 
vision  becomes  much  rec  uced.  Such  cases  often  terminate  in  iridocyclitis 
and  detachment  of  ihe  retina.  In  these  cases,  after  all  inflammatory  symp- 
toms have  dis?  ppeared,  Kuhnt’s  operation  may  be  tried.  In  the  diagnosis 
ordinary  inspection  shows  a gray  or  whitish  veil  in  the  pupil  behind  the 
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iris,  which  is  made  more  perceptible  by  the  use  of  oblique  illumination. 
A mydriatic  is  often  useful  in  the  determination  of  adhesions  between  the 
iris  and  membrane. 

Pathology. — In  a series  of  experimental  operations  made  on  rabbits 
Bates  studied  the  changes  which  are  attendant  upon  the  development  of 
post-operative  cataract.  The  posterior  capsule,  which  was  not  thickened, 
was  generally  wrinkled  or  thrown  into  folds.  He  did  not  find  that  sec- 
ondary cataract  was  ever  due  to  an  opacity,  thickening,  or  wrinkling  of 
the  lens-capsule,  but  attributes  it  to  a development  of  new  connective  tissue. 
He  found  the  first  step  to  be  an  accumulation  of  coagulable  fluid  in  the 
anterior  chamber,  which  was  followed  by  a deposition  of  fibrin.  This  was 
succeeded  by  new  connective  tissue.  It  is  presumed  that  post-operative 
cataract  in  man  is  due  to  similar  changes.  Many  authorities  attribute 
post-operative  cataract  to  the  proliferation  of  epithelial  cells  in  that  por- 
tion of  the  anterior  capsule  which  is  not  incised  or  removed  at  the  time 
of  the  extraction  of  the  lens. 

Treatment. — The  treatment  of  post-operative  cataract,  which  is  me- 
chanical, will  depend  on  the  condition  present.  For  ordinary  membranous 
opacity  the  needle  operation  should  be  made  with  a Hay  knife  or  a Kn^np 
knife-needle.  In  case  the  iris  and  capsule  are  grossly  adherent,  end  the 
pupil  is  drawn  toward  the  site  of  the  corneal  wound,  a men.  extensive 
operation,  such  as  de  Wecker’s  or  Kuhnt’s  procedure,  becomes  necessary. 
In  all  operations  for  post-operative  cataract  tw’o  pri  ici  ues  should  be 
observed:  First,  the  operation  should  not  be  undertaker  until  all  inflam- 
matory signs  have  disappeared;  and,  second,  the  ofiending  membranes 
should  be  cut,  never  torn,  since  tearing  produces  traction  of  the  ciliary 
body,  which  often  results  in  loss  of  the  eye.  Discission  of  simple  cases 
is  followed  by  glaucoma  in  1 or  2 per  cent.  Fortunately,  this  form  of 
glaucoma  yields  to  iridectomy. 

Secondary  Cataract  is  that  lenticular  opacity  which  is  dependent  upon 
pathologic  changes  taking  place  in  fibres  which  are  adjacent  to  the  lens. 
The  most  common  example  is  that  which  is  seen  in  the  cortical  changes 
following  neglected  iritis,  ir  t\hich  an  exudate  uniting  the  iris  and  lens 
is  deposited  on  the  aiterivT  capsule.  The  resulting  opacity  is  called 
accrete  cataract . 

Secondary  catpra^c  is  also  caused  by  such  conditions  as  iridocyclitis, 
cyclitis,  chorioidi'.is,  glaucoma,  and  intra-ocular  tumors.  In  these  diseases 
the  lenticulrr  iishirbances  are  attributable  to  interference  with  the  nutri- 
tion of  th?  lens.  In  most  cases  treatment  is  useless.  In  the  accrete  type, 
if  the  tension  of  the  eyeball  becomes  increased,  operation  is  indicated. 

Conplicated  Cataract. — This  condition  arises  when  any  form  of  cata- 
ract l.as  some  disturbing  complication,  such  as  some  anomaly,  inflamma- 
tory exudate,  or  traumatic  disturbance,  which  may  interfere  with  the  usual 
process  of  ripening  or  may  militate  against  a successful  operation.  In  some 
cases  the  pupil  appears  black,  giving  the  condition  known  as  black  cataract . 
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It  is  a rare  form  of  lenticular  opacity,  which  is  difficult  of  diagnosis. 
There  is  a gradual  loss  of  vision,  although  the  ability  to  see  to  count  fingers 
is  often  retained.  As  a rule,  the  fundus  cannot  be  illuminated.  Oblique 
illumination  shows  fine  striae  and  a nacreous  lustre. 

The  pathology  of  black  cataract  is  uncertain.  While  its  color  is  sup- 
posed to  be  due  to  an  infiltration  of  hematin  into  the  opaque  lens,  both 
Collins’s  and  McHardy’s  cases  spectroscopically  examined  failed  to  show 
any  blood-pigment.  Its  treatment  does  not  differ  from  that  of  ordinary 
senile  cataract.  Because  it  has  a large  nucleus,  the  incision  for  the  extrac- 
tion of  black  cataract  must  be  of  ample  size. 

Diabetic  Cataract,  which  is  but  one  of  the  forms  of  consecutive  cataract, 
is  commonly  attributed  to  the  abstraction  of  water  from  the  lens,  this 
being  due  to  the  altered  composition  of  the  intra-ocular  fluids.  While  this 
form  of  lenticular  opacity  is  probably  the  best  known  of  the  ocular  mani- 
festations of  diabetes,  the  statistics  as  to  its  frequency  differ  much  among 
various  observers.  It  may  occur  at  any  period  of  life,  and  is  generally 
bilateral.  In  young  subjects,  the  lens  being  soft,  there  is  a rapid  develop- 
ment of  the  condition.  In  the  old,  by  reason  of  the  hardness  of  the  lens, 
the  process  is  slower  and  is  less  characteristic.  In  diabetic  subjects  the 
epithelium  of  the  iris  is  much  thickened  and  is  easily  loosened  during 
operative  procedures.  Hence,  during  an  extraction,  the  aqueous  humor 
may  suddenly  become  brown  in  color,  from  detachment  of  iris-pigment. 
Under  proper  dietetic  and  hygienic  treatment  such  cataracts  in  adults  may 
remain  immature  for  long  periods  of  time.  According  to  Nettlesb’p,  tb 
opacities  may  gradually  disappear  with  the  subsidence  of  the  general  sy  np- 
toms.  Cataract  may  be  the  only  ocular  manifestation  of  tb  dyscrasia, 
though  often  there  are  retinal  changes  and  vitreous  opacities.  Iritis  is  a 
complication  to  be  expected  after  operation. 

Prognosis. — This  is  favorable. 

Treatment. — This  will  depend  upon  the  condition  cl  the  patient  and 
the  state  of  the  lens.  In  early  cases,  with  beginning  lenticular  opacity, 
temporary  correction  of  errors  of  refraction,  T^gclation  of  diet,  and  the 
employment  of  internal  remedies  will  sometimes  result  in  checking  the 
process.  In  children  discission  should  be  employed;  in  adults  extraction 
should  be  preferred.  After  a technically  successful  procedure  the  visual 
result  may  be  unsatisfactory  because  ?i  degenerative  changes  in  other  parts 
of  the  eyeball.  Diabetic  coma  may  ensue,  producing  death  several  weeks 
after  operation. 

OPRRAnONS  FOR  CATARACT. 

This  part  of  ti  e object  may  be  divided  into  those  procedures  for  the 
removal  of  senilt  congenital,  juvenile,  and  traumatic  cataract,  those  for 
post-operative  caLar.ct,  and  operations  for  ripening. 

Preparation  of  the  Patient. — This  is  important.  A bath  should  be 
given  the  night  before  operation  and  the  excretory  tracts  emptied.  Any 
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abnormal  condition,  especially  of  the  mucous  membranes,  should,  if  pos- 
sible, be  removed.  The  field  of  the  operation  should  be  made  surgically 
clean.  This  can  be  done  by  thoroughly  washing  the  forehead,  eyelids,  and 
adjacent  parts  with  soap  and  water,  followed  by  a solution  of  bichlorid  of 
mercury  (1  to  2000).  The  conjunctiva  is  to  be  washed  with  the  bichlorid 
solution  after  the  anesthetic  has  been  used  and  immediately  before  the 
operation  is  begun.  The  excess  of  fluid  is  reduced  by  gauze.  It  is  not 


Fig.  306. — Instrument  for  extraction  of  cataract  without  iridectomy. 

(Author.) 

1,  Von  Graefe  k^e.  z,  Angular  cystitome.  3,  Fixation-forceps.  4,  Spoon.  5,  Spatula. 

6,  Speculum.  7,  Loop. 

advisable  to  permit  the  bichlorid  solution  to  reach  the  interior  of  the  eye- 
ball, since  it  may  produce  keratitis.  All  instruments,  gauze,  dressings, 
and  solutions  are  to  be  boiled  before  used.  The  operator  and  assistants 
6hcuk  bj  surgically  clean.  The  patient’s  hair  should  be  covered  with  ster- 
iHzed  towels.  It  is  presumed  that  the  lacrimal  apparatus  and  conjunctiva 
ure  healthy.  If  they  are  inflamed,  it  will  be  advisable  not  to  operate  until 
after  inflammatory  conditions  have  been  cured. 
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Choice  of  an  Anesthetic. — In  all  operations  for  traumatic  cataract 
with  rapid  swelling  of  the  lens  and  inflammatory  symptoms,  chloroform 
or  ether  is  to  be  employed.  In  elderly  persons,  who  have  little  self-control 
and  are  likely  to  behave  badly,  a general  anesthetic  often  becomes  neces- 
sary. In  operations  on  infants  and  children  the  nse  of  chloroform  is 
advisable.  For  the  majority  of  patients  cocain  anesthesia  will  suffice.  Al- 
though many  surgeons  employ  a weak  (4-per-cent,  strength)  solution,  the 
author  uses  a solution  of  10-per-cent,  strength.  Weak  solutions  do  not 
abolish  the  sensitiveness  of  the  iris. 

In  patients  in  whom  confidence  can  be  placed,  only  a local  anesthetic 
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Fig.  307. — Incision  in  cataract  excretion  (Author.) 


(Original  drawing  by  Dk.  R W.  ft  ills.) 


is  needed.  For  this  purpose  the  opeiat^  v an  choose  between  a 10-per-cent, 
strength  solution  of  cocain  and  a 1 -pet- cent,  strength  solution  of  holocain. 
It  is  perhaps  unnecessary  to  add  thai  Ine  glass  part  of  the  eye-dropper  must 
have  been  boiled  and  the  solution  Is  not  to  come  in  contact  with  the  rubber 
bulb. 

Extraction  of  Senile  Cataract. — Extraction  can  be  simple — that  is, 
without  iridectomy  - vr  e unbined  with  iridectomy.  The  simple  opera- 
tion will  be  described  first.  The  necessary  instruments  are : speculum,  von 
Graefe  knife,  fix itFn-f orceps  (provided  with  a catch  which  can  be  easily 
opened),  cystitume,  spoon,  spatula,  and,  as  reserve  instruments,  if  needed, 
iris-forceps,  icissors,  and  lens-scoop.  Besides  a nurse,  the  surgeon  should 
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have  two  trained  assistants,  one  to  attend  to  the  handling  of  the  instru- 
ments, the  other  to  assist  in  the  operation.  The  speculum  is  to  be  intro- 
duced into  the  conjunctival  sac,  the  eye  is  to  be  held  in  one  hand  by 
fixation-forceps  placed  opposite  the  middle  of  the  proposed  incision,  while 
the  operator  takes  the  knife  in  the  other.  He  will  stand  either  behind  or 
in  front  of  the  patient  during  the  operation.  An  upward  section,  which 
should  include  a little  less  than  half  the  circumference  .of  the  cornea,  is 
made  in  the  apparent  corneoscleral  junction.  The  cystitome  is  used  to 
cut  the  anterior  capsule  and  the  lens  is  gently  delivered  by  means  of  the 
spoon.  Any  remaining  cortex  should  be  expressed  by  gentle  movements 
of  the  spoon  on  the  cornea  directed  from  below  upward.  In  difficult  deliv- 
eries a spatula  may  be  employed  to  press  the  posterior  lip  of  the  wound 
backward  while  the  spoon  is  used  in  the  manner  mentioned.  Any  pieces 
may  be  removed  by  the  blade  of  the  spatula  introduced  into  the  anterior 
chamber.  As  a rule,  efforts  for  the  removal  of  cortex  should  be  continued 
until  the  pupil  appears  black.  The  iris  is  replaced  in  the  proper  position 
by  stroking  with  the  spatula.  The  lips  of  the  corneal  wound  are  cleaned, 
the  speculum  is  removed,  and  the  lids  are  closed.  A dressing  of  gauze  cov- 
ered with  a light  bandage  is  applied  to  both  eyes.  The  eyes  are  a 'lowed  to 
remain  undisturbed  for  forty-eight  hours  unless  pain  occurs,  in  which 
case  the  dressing  is  removed.  Cleanliness  must  be  maintained  during 
the  after-treatment.  To  prevent  reaction  atropin  should  l“  used  on  the 
third  day.  If  much  cortex  has  been  unavoidably  leL  the  medicine  may 
be  used  in  appropriate  cases  on  the  second  day.  Ii  healing  progresses 
favorably,  the  bandage  can  be  left  off  and  dark  gh  ss^s  substituted  at  the 
end  of  ten  days.  If  all  goes  well  the  unoperated  eye  need  be  bandaged 
for  only  three  or  four  days  after  operation.  Temporary  glasses  are  ad- 
justed in  four  or  five  weeks. 

In  all  cases  the  knife  must  be  suarp  and  the  incision  should  be  in 
the  same  plane  throughout.  (The  author  prefers  the  knife  made  by  Weiss, 
of  London.)  The  puncture  is  n/tdi  at  a point  one-half  millimetre  above 
the  horizontal  diameter  of  the  cornea,  commencing  at  the  temporal  side. 
The  cutting  is  done  by  a gc^tie  sawing  movement,  care  being  taken  that 
the  point  of  the  knife  does  not  touch  the  skin  of  the  upper  lid.  At  the 
finish  of  the  incision  n conjunctival  flap  can  be  made,  or,  as  the  author 
prefers,  the  knife  can  be  turned  slightly  forward  and  the  cut  finished  in 
the  cornea.  Puling  this  procedure  the  operator  should  be  careful  not  to 
make  undue  pressure  with  the  fixation-forceps.  The  incision  of  the  cap- 
sule (known  as  cystotomy)  is  best  made  by  a bent  cystitome,  whose  point 
is  passed  into  the  anterior  chamber  and  pupillary  area;  next  it  is  passed 
under  tl  e iris  and  a wound  is  made  in  the  periphery  of  the  lens  correspond- 
ing ais  nearly  as  possible  to  the  general  direction  of  the  corneal  incision, 
fc^me  operators  prefer  to  make  a crucial  cut  in  the  pupillary  area  of  the 
capsule  or  to  excise  a triangular  segment  of  the  same.  During  the  use 
of  the  cystitome  care  should  be  taken  that  it  does  not  injure  the  iris. 
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Delivery  of  the  cataract  requires  a series  of  graded  pressures.  These 
should  be  applied  in  such  a way  as  to  cause  the  lower  part  of  the  lens  to 
tilt  directly  backward,  thus  turning  its  upper  segment  forward  into  the 
corneal  wound.  This  done,  the  delivery  is  accomplished  by  gentle,  con- 
tinuous pressure  of  the  spoon. 

Extraction  with  Iridectomy  is  accomplished  in  the  following  man- 
ner : After  the  corneal  section  is  finished,  the  iris  is  gently  drawn  through 
the  corneal  wound  and  a small  piece  including  the  sphincter  is  excised. 
While  the  surgeon,  holding  the  fixation-forceps  in  one  hand,  gently  draws 
out  the  iris  with  the  other,  the  cutting  of  the  iris  should  be  done  by  a 
competent  assistant.  The  cystotomy,  delivery,  and  dressing  are  made  in 
the  same  manner  as  in  simple  extraction. 

Accidents  During  and  Following  the  Operation. — As  regards  the  in- 
cision, the  knife  may  be  placed  too  far  back,  close  to  the  dangerous  ciliary 
zone,  or  too  far  forward  in  the  cornea.  Under  these  circumstances  it  is 
best  to  withdraw  the  instrument,  treat  the  eye  aseptically,  and  attempt  the 
operation  at  a later  period.  If  the  knife  is  properly  entered,  but  at  the 
point  of  counter-puncture  the  conjunctiva  is  lifted  up  into  a bleb  by  the 
aqueous  humor,  the  section  should  be  finished  as  if  this -had  not  happened. 
The  knife  may  engage  the  iris  either  on  the  same  side  as  that  of  the 
puncture  or  on  the  side  of  counter-puncture.  If  this  happen,  an  attempt 
should  be  made  to  disentangle  the  blade  and  complete  the  section.  In  the 
event  that  the  puncture  and  counter-puncture  are  properly  made,  but  the 
iris  falls  over  the  knife,  the  section  of  the  cornea  should  be  finished  without 
regard  to  the  iris;  except  for  the  anterior  chamber  filling  with  blood  and 
causing  pain,  this  accident  docs  no  harm.  Should  the  corneal  section  and 
cystotomy  be  made,  but  the  lens  fail  to  be  delivered,  this  means,  fo  * example, 
either  that  the  corneal  wound  is  too  small  (a  grave  mistake)  or  that  the 
capsule  is  tough  and  has  not  been  properly  cut.  Under  such  circumstances 
the  cystitome  should  be  reintroduced  and  the  capsule  cut,  followed  by 
gentle  attempts  at  delivery.  If  such  measures  fan,  the  incision,  should 
it  have  been  too  small,  must  be  enlarged  by  a censors  or  a knife.  Should 
the  lens  be  dislocated,  an  attempt  should  be  made  to  deliver  it  by  means 
of  a wire  loop.  The  forcing  of  a cataract  though  too  small  a corneal  open- 
ing is  likely  to  produce  disastrous  infiaxm.ation,  while  prolonged  attempts 
for  delivery  of  a dislocated  lens  dc  emmage.  Collapse  of  the  cornea,  fol- 
lowing the  incision,  is  not  infrequent.  The  operation  should  be  continued 
as  if  this  had  not  occurred.  The  tntrance  of  air  into  the  anterior  chamber 
is  of  no  importance.  If  it  remains  after  the  operation,  it  will  soon  dis- 
appear by  absorption. 

Spontaneous  delivery  if  the  lens  immediately  following  the  incision 
is  a rare  accident.  Such  a 'delivery  is  produced  by  spasmodic  action  of 
the  extra-ocular  muscles,  and  may  be  attended  by  loss  of  vitreous  humor. 

Loss  of  vl  rcous  humor , if  small,  usually  does  no  harm,, and  is  fol- 
lowed goPL^a  ly  by  excellent  vision,  for  the  reason  that  the  posterior  cap- 
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sule  has  been  torn.  If  a large  amount  is  lost,  the  globe  will  collapse. 
When  vitreous  is  expelled,  the  speculum  should  be  removed  at  once.  The 
protruding  mass  is  to  be  snipped  off  with  scissors  and  the  eye  closed.  In 
cases*  where  the  vitreous  humor  protrudes  so  rapidly  that  the  operator  can- 
not use  the  scissors,  the  eye  must  be  closed.  A day  or  two  later  it  may  be 
found  that  the  wound  is  approximated,  no  harm  having  been  done,  and 
small  beads  of  vitreous  will  be  seen  floating  in  the  conjunctival  cul-de-sac. 
If  so  much  of  the  humor  has  been  lost  that  the  eye  collapses,  the  globe 
should  be  filled  with  normal  salt  solution.  This  procedure  may  save  the 
eye. 

Prolapse  of  the  Iris,  coming  immediately  after  a simple  extraction, 
calls  for  an  immediate  iridectomy.  If  the  prolapse  occurs  later  and  is 
noticed  within  forty-eight  hours,  the  patient  should  be  placed  under  the 
influence  of  chloroform  and  an  iridectomy  made.  If  noticed  after  strong 
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Fig.  308. — Incision  of  the  cornea  in  vai  'ous  methods  of  cataract 
extraction.  (Nimier  and  De^pagnet.) 

1,  Daviel’s  incision.  £,  Jaeger’s  linear  extract!^.  5,  Critchett’s  linear  extraction. 

4,  Von  Graefe’s  modified  linear  operation.  5,  D r » acker’s  incision.  6 , Critchett’s.  7,  Warino- 
lont’s.  8,  Liebreich’s.  9,  Lebrun’s.  10,  Kiiehlfc.  s ‘ncision. 

adhesions  to  the  corneal  wound  have  formed,  it  should  be  let  alone.  If 
the  iris,  after  replacement  during  the  extraction,  shows  a tendency  to  draw 
toward  the  incision,  it  should  be  replaced,  making  the  pupil  central,  and 
a drop  of  eserin  or  arecuHn  should  be  instilled  into  the  conjunctival  sac. 
Regardless  of  thi^  iod’cation  some  operators  use  miotics  in  every  case  of 
simple  extraction. 

During  th*  operation  should  a hemorrhage  come  from  the  cut  iris 
or  conjunctiva,  it  is  of  no  moment.  It  may  so  obscure  the  capsule  that 
it  cannot  be  seen  during  the  performance  of  the  cystotomy.  Expulsive 
hemorrhage  from  the  depths  of  the  eye,  causing  pain,  and  coming  on  during 
cr  shoi.ly  after  a cataract  operation,  is  a serious  accident.  In  such  a case 
ooz:ug  of  blood  from  the  dressings  will  be  noticed.  Such  eyes  generally 
inquire  enucleation.  Shock  and  delirium  are  rare  post-operative  incidents 
in  cataract  patients.  They  should  receive  appropriate  treatment  (hypo- 
dermic injections  of  morphin,  gr.  1/#,  or  of  liyoscin,  gr.  1/100).  Epileptic 
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seizure,  occurring  during  an  extraction,  is  an  unusual  accident  which  is 
mentioned  by  Power. 

Peculiarities  in  the  Healing  Process. — Generally  a few  hours  after  the 
extraction  there  is  a little  burning  or  smarting  pain,  which  rarely  calls  for 
an  anodyne.  Severe  pain  coming  on  at  any  time  within  four  or  five  days 
after  operation  will  be  due  to  hemorrhage,  iritis,  herpes,  gout,  or  suppura- 
tion, etc. 

If  hemorrhage  appears  late  and  is  not  profuse,  a hypodermic  injec- 
tion of  morphin  should  be  given,  the  patient  should  be  placed  in  the  upright 
position,  and  the  wound  should  be  inspected.  Some  authorities  advocate 
the  opening  of  the  corneal  wound  with  removal  of  the  blood  by  flushing  the 
anterior  chamber  with  a bichlorid  solution.  This  advice  is  of  questionable 
value.  The  careful  cleansing  of  the  conjunctival  sac  and  of  the  lips  of  the 
wound,  with  full  asepsis,  may  prevent  suppuration  and  save  a sightless 
globe.  As  regards  that  rare  form  of  hemorrhage  coming  on  after  closure 
of  the  corneal  wound,  prophylactic  treatment,  with  later  needling,  should 
be  employed. 

Suppuration  in  the  Corneal  Wound. — Since  the  advent  of  clean 
surgery  *this  complication  is  fortunately  very  rarfr.-  At  the  first  dressing 
(some  twenty-four  to  forty-eight  hours  after  extraction)  the  color  of  the 
discharges  on  the  dressing  should  be  particularly  noticed.  If  they  be 
slight  and  of  dark  color,  the  eye  may  be  said  to  be  doing  well.  In  such 
cases  the  eyelids  need  not  be  opened,  unless  it  be  thought  best  to  begin  tin 
use  of  atropin  early,  as  should  be  done  where  much  cortex  has  been  lei  b 
behind.  If  the  discharge  be  profuse,  particularly  if  yellowish,  and  the 
upper  lid  is  swollen,  the  lids  should  be  opened  and  the  wound  inspected. 
If  the  edges  of  the  wound  are  yellow,  treatment  to  check  the  suppurative 
process  must  be  promptly  undertaken.  The  conjunctiva  is  tu  be  washed 
with  a warm  bichlorid  solution  (1  to  4000),  the  edge?  of  the  wound  are 
to  be  carefully  cleansed  with  a stronger  solution  (1  n ±00)  of  the  same 
material,  and  atropin  (1  per  cent.)  freely  used.  This  plan  of  treatment  is 
to  be  repeated  twice  daily.  The  employment  cf  subconjunctival  injections 
is  of  value  in  suppuration.  For  this  purpose  I^rier  recommends  the  fol- 
lowing solution:  Cyanid  of  mercury,  1;  uco in,  10;  normal  salt  solution, 
1000.  A few  drops  of  this  solution  i to  to  be  injected  beneath  the  con- 
junctiva three  times  a day.  The  srom  is  added  to  render  the  injection 
painless.  The  injection  should  V made  through  an  iridized  platinum 
needle  attached  to  a clean  synng.\  Morphin  is  employed  to  control  pain; 
salines  for  the  bowels,  with  supportive  treatment,  are  indicated.  In  eld- 
erly, debilitated  subjects  the  salines  should  be  used  sparingly,  and  quinin 
and  milk  punch  are  expropriate.  If  in  twenty-four  hours*  time  the  eye 
is  doing  well,  tin  same  line  of  treatment  should  be  continued ; if  the  sup- 
purative process  e/tends,  it  will  be  necessary  to  chloroform  the  patient, 
cleanse  the  \*ound,  and  irrigate  the  anterior  chamber  with  a solution  of 
warm  boric  acid.  The  application  of  the  electrocautery  to  the  sloughing 
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area  becomes  necessary.  The  atropin  should  be  continued.  The  placing 
of  an  iodoform  disc  in  the  anterior  chamber  has  been  proposed.  Some 
authorities  employ  mercury  freely  by  the  mouth,  or  by  inunction,  or  both 
(Schirmer,  Herbert).  Suppuration  occurs  at  any  time  of  the  year.  It  is 
due  to  many  causes,  such  as  lack  of  cleanliness,  rough  handling  of  the  eye, 
lacrimal  disease,  conjunctivitis,  nasal  disease,  influenza,  or  lack  of  proper 
nutrition  in  the  cornea.  It  usually  occurs  within  the  first  three  days ; rarely 
after  the  fifth  day.  Pain  is  the  danger-signal;  the  concomitant  symptoms 
are  cliemosis,  edema  of  the  eyelids,  turbidity  of  the  aqueous  humor,  hazi- 
ness of  the  cornea,  and  a profuse  discharge  of  pus.  It  may  end  in  panoph- 
thalmitis, or,  in  milder  cases,  the  iris  may  be  drawn  toward  the  wound, 
the  pupil  be  closed,  and  the  eyeball  be  deformed  by  a cicatrix  following  the 
slough.  In  this  latter  type  of  cases  an  iridectomy  is  indicated  after  the  eye 
becomes  quiet.  With  careful  attention  to  asepsis  and  skillful  operating 
the  condition  will  rarely  happen. 

Iritis  is  a frequent  complication.  Though  usually  occurring  on  the 
fourth,  fifth,  or  ninth  day,  it  may  appear  at  any  time  within  two  weeks 
after  an  extraction.  It  may  be  due  to  rough  manipulation  during  the 
extraction,  or  to  an  improper  toilet  of  the  wound.  If  any  cortex  h^s  b-;en 
left  behind,  the  early  use  of  atropin  may  be  useful.  If  iritis  occurs,  the 
medicine  may  limit  the  degree  of  inflammation.  A 1 -per-cent.  strength 
atropin  solution  should  be  used  several  times  daily.  If  the  attack  should 
be  severe,  a solution  twice  this  strength  should  be  uo ployed.  The  re- 
peated application  of  cloths  wrung  in  hot  water  are  b eneficial,  or,  if  desired, 
dry  heat  can  be  applied  by  means  of  a Japanese  hit  *>ox.  In  these  cases 
it  is  advisable  to  dispense  with  all  dressing"  , sinco  they  soon  become  wet 
and  act  as  poultices.  Dark  glasses  should  be  employed  to  protect  the  eyes. 

Keratitis  is  also  observed  after  cataract  operation.  Formerly,  when 
bichlorid  solution  was  permitted  to  enie-  the  anterior  chamber,  a keratitis, 
presenting  a milky-white  appearance  in  tne  posterior  part  of  the  cornea  and 
materially  reducing  vision,  was  often  observed.  The  striped  form  of  kera- 
titis is  a common  condition  after  cataract  operations.  In  this  variety  of 
keratitis  numerous  striae  pass  downward  from  the  wound.  The  condition 
disappears  in  a few  days  without  treatment.  The  formation  of  vesicles 
in  the  cornea  is  a ra^e  complication;  it  is  supposed  to  be  due  to  lymph- 
stasis.  It  usually  disappears  in  about  two  weeks’  time. 

Cyclitis  imv  cccur  in  eight  or  ten  days’  time  in  a case  that  has  done 
well.  In  this  toim  of  complication  a zone  of  circumcorneal  injection  will 
be  noticed.  rLhe  pupil  may  be  round  and  the  iris  movable.  Vision  may 
be  good,  ^ain,  principally  at  night,  may  ensue.  The  capsule  becomes 
thickest d and  vision  is  reduced.  The  process  may  pass  away  without 
leaving  Lny  bad  results,  or  it  may  increase  and  terminate  in  glaucoma. 
The  treatment  .consists  in  the  local  use  of  atropin,  with  the  general  employ- 
ment of  anodynes  and  sodium  salicylate.  Tension  must  be  observed  daily. 
If  the  eye  becomes  glaucomatous,  an  iridectomy  should  be  made. 
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SroNGY  Exudation  into  the  Anterior  Chamber  may  occur  after 
extraction.  It  begins  with  pain  and  swelling  of  the  lids  and  conjunctiva. 
The  pupil  becomes  contracted  and  there  is  a turbid  exudate  like  a cobweb 
situated  in  the  anterior  chamber.  The  condition  disappears  in  about  a 
week  without  treatment. 

Tardy  Closure  of  the  Wound  is  generally  due  to  the  presence  of 
foreign  bodies,  such  as  the  iris,  pieces  of  vitreous,  or  tags  of  capsule  in 
the  wound.  Earely  it  is  caused  by  blepharospasm  and  spasmodic  en#opion 
of  the  lower  lid.  The  anterior  chamber  may  remain  open  for  two  or  three 
weeks.  The  condition  rarely  leads  to  suppuration,  to  prolapse  of  iris,  to 
infection,  or  to  corneal  opacity.  Proper  treatment  consists  in  the  applica- 
tion of  compressive  bandages.  If  complications  occur,  they  must  receive 
appropriate  treatment. 


Fig.  309.— Cystoid  cicatrix  lined  by  atrophied  iris-tissue,  in  an  eye  in  v nic  i glaucoma 
followed  cataract  extraction.  (Treacher  Collins.) 

1,  Tip  of  the  iris.  £,  Ciliary  body.  3,  The  bulging  cicatrix  lined  by  rti ' oh  ed  iris-tissue. 

4,  Sclera.  5,  Cornea. 

Spastic  Entropion  of  the  Lower  Lip  occasionally  is  seen  in  old 
persons.  In  such  cases  the  bandage  should  be  dispensed  with;  the  eyelid 
may  be  held  in  position  with  adhesive  stuns. 

Filtration  Edema,  from  the  subruuiunctival  escape  of  aqueous  humor, 
may  occur  after  the  use  of  a largp  conjunctival  flap.  Such  an  edema  is 
paler  than  the  inflammatory  variety.  (md  is  likely  to  gravitate  to  the  lowest 
part  of  the  conjunctiva.  Aside  from  the  use  of  the  bandage,  it  does  not 
require  treatment. 

Acute  Dermatitis,  in\ Diving  the  eyelids  and  adjacent  skin,  has  been 
observed  by  Herbert.  I+  was  attributed  to  a too  free  use  of  a solution  of 
perchlorid  of  mercuiy,  prooably  aided  by  bandaging.  The  use  of  a soothing 
ointment  will  be  advisable. 

Cystoid  *>catrix. — A cystoid  scar  may  appear  after  any  form  of 
trauma  which  upens  the  anterior  part  of  the  eyeball.  It  occasionally  occurs 
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as  a vesicle  bulging  from  the  site  of  the  corneal  wound  after  cataract 
extraction.  It  appears  as  a semitransparent  vesicle.  It  may  rupture  at 
intervals  and  deposit  aqueous  humor  beneath  the  conjunctiva.  It  is  prob- 
ably dependent  upon  the  presence  of  a piece  of  capsular  material  that  is 
caught  in  the  wound,  or,  more  often,  is  due  to  an  incarceration  of  a part  of 
the  iris-tissue  (either  the  sphincter  or  a surface  attachment).  Treacher  Col- 
lins says  that  such  cicatrices  are  lined  by  more  or  less  atrophied  iris-tissue. 

When  a fold  of  iris  becomes  fixed  between  the  lips  of  a corneal 
wound  the  iris  unites  with  the  sclerocorneal  tissue.  The  conjunctiva  heals 
over  it,  and  later,  in  response  to  intra-ocular  pressure,  this  spot  of  least 
resistance  expands.  Normally  the  iris  is  impermeable  to  fluids,  but  the 
expanded  portion  becomes  atrophic.  Breaks  appear  in  the  pigmentary 
layer,  which  is  probably  the  most  resisting  to  fluids.  A thin,  bulging 
cicatrix,  lined  by  atrophic  iris-tissue,  is  thus  formed.  Any  excess  of  intra- 
ocular fluid  breaks  through  and  passes  into  the  subconjunctival  tissue. 
Such  a scar  produces  irregular  astigmatism.  Eyes  affected  with  cystoid 
scars/  are  likely  to  be  lost  from  s-uch  conditions  as  iritis,  iridochorioiditis, 
or  iridocyclitis.  Persistent  cystoid  cicatrix  may  be  treated  by  dissecting 
a flap  of  adjacent  conjunctiva,  finding  the  minute  fistula,  and  cautorizi  ig 
it  with  the  small  point  of  the  electric  cautery. 

Persistent  Lacrimation  and  Photophobia  are  annoying  symptoms 
which  are  likely  to  occur  if  conjunctivitis  or  pterygium  existed  prior  to 
the  extraction  of  the  cataract.  In  some  cases  opaque  conical  substance, 
which  remains  in  the  eye,  is  a cause.  Atropin,  adrenalin,  and  the  use  of 
a shade  will  control  these  symptoms. 

Erytiiropsia  may  be  a late  symptom  following  an  extraction. 

Secondary  Glaucoma. — This  is  a “rare  condition  after  cataract  ex- 
traction, more  frequently  following  discission.  After  extraction  with 
iridectomy,  it  arises  from  adhesion  of  the  pillars  of  the  iris  coloboma  to 
the  cicatrix  and  the  lens-capsule,  thus  interfering  with  the  drainage  of 
the  eye.  Appearing  several  months  aft jr  a successful  cataract  extraction, 
glaucoma  may  be  due  to  the  development  of  an  epithelial  implantation 
cyst  in  the  anterior  chamber. 

Sympathetic  Ophthalmitis  is  a rare  condition  appearing  once  in 
about  eight  hundred  c^ses  of  extraction. 

Choice  of  Catara^c  Extractions. — Extraction  with  iridectomy  is  safer 
for  the  patient  in  tht  nands  of  the  majority  of  operators,  the  simple  extrac- 
tion requiring  more  skill.  Those  who  operate  only  occasionally  should 
make  an  iridectomy.  Iridectom}r  is  indicated  if  tension  is  increased,  if 
the  cataract  is  unripe  or  very  large,  if  the  patient  is  badly  behaved,  or  if 
the  irs  is  rigid:  i.e.,  does  not  react  readily  to  a mydriatic.  In  hospital 
practice,  where  the  lower  classes  congregate,  it  is  safer  to  make  an  iridec- 
tomy.  In  private  practice,  among  more  intelligent  persons,  simple  ex- 
paction  can  be  made.  The  great  advantage  of  the  simple  operation  is  the 
retention  of  a movable  iris.  The  great  disadvantage  is  the  frequent  occur- 
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rence  of  prolapse  of  the  iris.  This  can  often  be  prevented  by  the  instillation 
of  Lrin  immediately  after  the  delivery  of  the  lens,  or  by  an  hypodenmc 
injection  of  morphin,  as  advocated  by  Eugene  Smith.  The  making  of  an 
iridectomy  does  not  insure  the  eye  against  prolapse  of  the  ins,  for  ofte 
the  edo-es  of  the  eoloboma  become  attached  to  the  lips  of  the  corneal  woun  . 
The  question  is  cue  which  each  operator  must  decide  for  lumselt  As 
shown  by  statistics,  the  results  as  regards  vision  are  practically  the  same 
Preliminary  Iridectomy  is  always  to  be  advised  in  case  the  patient  has 
only  one  eye,  or  if  complications  exist  or  are  to  be  expected.  It  is  also  to 
be  advised  in  the  extraction  of  lenses  whose  maturity  is  in  doubt.  A 
small  portion  of  the  upper  segment  ot  the  iris  should  be  e«,«d  thnmgh 
a corneal  incision  made  preferably  with  a narrow  keratomn  Care  should 
bo  taken  to  include  the  sphincter  in  the  excised  piece  of  ins.  The  extrac 

tion  can  be  undertaken  four  or  five  weeks  later.  _ 

Should  Both  Eyes  be  Operated  on  at  the  Same  Sitting  .—At  the  pres- 
ent day  it  is  generally  unnecessary  to  operate  on  both  eyes  at  the  same 
sitting.  In  charity  practice  the  double  .extraction  may  be  necessary.  The 
consensus  of  opinion  among  modern  ophthalmologists  is  in  favor  of  operat- 
ing on  only  one  eye  at  the  first  sitting.  Generally  the  extraction  of  the 
second  cataract  may  be  undertaken  several  weeks  or  months  ater 
patient  whose  lenses  are  of  about  equal  maturity,  and  who  resides  far  from 
skilled  ophthalmologists  and  will  be  unable  to  return,  the  surgeon  should 

not  hesitate  to  make  the  double  operation.  h 

Other  Methods  of  Extraction.— Many  methods  of  extraction  have  Oec  n 

advocated.  Only  those  will  be  considered  which  are  thought  to  >e  of  im- 

Extraction  with  the  Ivalt  Suture  is  a method  of  \alue  in 

critical  cases.  The  suture  is  to  be  introduced  before  the  corneal  section 
is  made  and  is  to  be  tied  after  the  lens  has  been  delivered  and  the  toilet 
of  the  eye  completed.  A short,  sharp  needle,  curved  on  a short  radius  a 
without  a cutting  edge,  is  to  be  passed  into  the  true  corneal  tissue  bu 
not  into  the  anterior  chamber,  about  two  and  one-half  millimetres  from 
Z limbus.  The  exit  is  to  be  made  nea-  the  limbus  The  needle  is  then 
to  be  passed  into  the  episcleral  tissue  behind  the  limbus,  eavmgabopof 
thread  two  inches  long  between  the  corneal  and  scleral  portions^ 
incision  having  been  made  and  the  lens  delivered-,  the  toilet  is  to  be  finished 
and  the  suture  tied.  Eisley,  of  Philadelphia,  employs  this  method  in  cases 
where  loss  of  vitreous  is  expected  or  the  iris  is  tremulous,  or  the  lens  dis- 
ced requiring  the  uso  ot  the  loop.  Often  by  this  means  protruding 
vitreous  can  be  pressed  back  into  the  eye  and  iris-prolapse  can  be  pre- 
vented. In  complicated  cases,  particularly  if  the  other  eye  has  been  lost 
the  suture  may  be  employed.  It  is  to  be  drawn  tightly, ^ and  removed 
on  the  fourth  or  fifth  day.  The  corneal  suture  has  found  favor  with  Amen 
can  ophthalmologists  only  in  some  complicated  cases.  , 

Extraction  of  the  Lens  in  its  Capsule  would  appear  to  be  the 
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ideal  operation,  since  all  tissue  causing  opacity  is  removed  at  one  sitting. 
After  making  the  corneal  cut  and  iridectomy,  the  operator  passes  a scoop 
behind  the  lens  and  lifts  lens  and  capsule  out  together.  The  frequent 
occurrence  of  loss  of  vitreous  humor  has  led  to  the  abandonment  of  this 
operation  as  a general  procedure.  It  is  now  employed  for  the  removal 
of  hypermature,  tremulous,  and  dislocated  cataracts  and  those  presenting 
a calcareous  deposit.  Often  in  these  cases  the  capsule  is  tough  and  the 
suspensory  ligament  is  relaxed.  Although  the  name  of  Pagenstecher  has 
been  frequently  associated  with  it,  the  method  has  been  credited  to  Daviel, 
to  Sharp,  to  Richter,  and  to  Beer.  In  recent  years  Major  Henry  Smith, 
of  Jullundur,  India,  has  devised  a method  of  intracapsular  extraction 
which  is  highly  technical,  and  can  be  learned  only  by  personal  observation. 

The  Suction  Operation,  in  which  the  fluid  lens  is  drawn  by  suction 
through  a tube  introduced  into  the  anterior  chamber,  is  dangerous  and 
unnecessary. 

Linear  Extraction  is  open  to  the  same  criticism.  In  any  case  in 
which  either  of  these  operations  seems  indicated,  the  surgeon  will  do  well  to 
make  a broad  opening  with  the  von  Graefe  knife  and  deliver  the  lens-s  ib- 
stance  as  in  the  procedure  advocated  for  traumatic  cataract.  Effort-  to  force 
debus  through  the  linear  opening  may  end  in  destructive  i otra-ocular 
inflammation. 

Immediate  Capsulotomy.— So  frequently  does  the  ecosule  become 
thickened  after  a successful  cataract  extraction  that  s >n.°  operators  have 
attempted  to  make  an  opening  in  the  posterior  cans  lie  immediately  after 
the  delivery  of  the  lens.  After  extracting  the  lers  in  the  ordinary  way  and 
removing  all  cortex,  the  operator  introduces  the  ^oint  of  a curved  "gold- 
enameled  hook,  made  of  malleable  steel,  which  is  passed  on  the  flat  into 
the  anterior  chamber  behind  the  lower  puph'ary  margin.  The  instrument 
is  then  turned  backward,  hooked  into  the  capsule,  drawn  gently  to  the 
mouth  of  the  incision,  rotated  on  the  flat  again,  and  withdrawn.  This 
piocedure  tears  the  capsule  and  permits  the  vitreous  humor  to  come  forward. 
Ihe  author  has  tried  this  operation  and  is  not  favorably  impressed  with 
it.  Recovery  is  slow  and  ’.ridoei  clitis  is  likely  to  be  a complication. 

Varieties  in  the  Gaps jlotomy. — Some  surgeons  remove  a piece  of 
the  anterior  capsule  with  Mathieu’s  forceps,  an  instrument  which  has  teeth 
on  its  lower  surface.  Eugene  Smith,  of  Detroit,  has  long  followed  this 
method,  and  has  dev  sed  a capsule-forceps.  If  the  capsule  be  thin,  a cen- 
tral piece  is  thus  removed,  leaving  a black  pupil;  if  thick,  the  capsule 
and  lens  may  be  dragged  out  together.  An  old  operation,  which  is  pre- 
ferred by  few  modern  ophthalmologists,  is  incision  of  the  capsule  with 
the  cataract-knife  while  the  instrument  is  being  passed  through  the  anterior 
chamber.  There  are  several  objections  to  this  method  of  capsulotomy:  (1) 
t:  e incision  in  the  capsule  may  be  too  small,  (21  aqueous  humor  may  escape 
before  the  counterpuncture  is  made,  and  (3)  in  the  case  of  a Morgagnian 
cataract  the  field  may  be  obscured  by  the  opaque  fluid. 
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Extraction  Without  the  Speculum  is  preferred  by  some  operators, 
who  steady  the  globe  with  the  fingers  placed  on  the  intervening  lids,  or 
the  lids  may  be  separated  by  means  of  retractors.  By  this  procedure  they 
hope  to  lessen  the  danger  of  prolapse  of  vitreous  humor.  If  the  patient 
is  ill  behaved,  or  the  eye  is  deeply  set  in  the  orbit,  the  extraction  should 
be  made  without  the  speculum.  The  lids  are  separated  by  the  fingers  of 
an  assistant  and  the  globe  is  fixed  with  forceps  held  by  the  operator. 

It  may  be  advisable  to  use  the  speculum  only  while  making  the  corneal 
section,  removal  of  the  instrument  becoming  necessary  if  the  patient  be- 
comes restless  and  squeezes  the  lids.  An  intelligent  assistant  can  counter- 
act the  patient’s  effort  by  lifting  the  speculum  away  from  the  globe,  thus 
preventing  pressure  on  the  eyeball. 

Delivery  by  Pressure  of  the  Fingers  against  the  Globe  has  been 
advocated,  but  is  to  be  condemned  because  of  the  danger  of  producing  in- 
fection. Instruments  can  be  boiled ; the  fingers  cannot  be  so  treated. 

Wenzel’s  Method,  which  consists  in  the  use  of  corneal  and  iris  flaps, 
is  of  value  in  cataract  with  total  posterior  synechia.  The  knife,  passed 
through  cornea,  iris,  lens-capsule,  and  possibly  through  the  lens,  is  made 
to  emerge  on  the  opposite  side  of  the  cornea.  The  tissues  are  then  cut, 
a piece  of  the  iris-capsule  flap  is  to  be  excised  with  de  Wecker’s  pince- 
ciseaux,  and  the  lens  delivered.  The  operation  is  of  value  in  those  des- 
perate cases  in  which  the  whole  posterior  layer  of  the  iris  is  adherent  to 
the  capsule.  The  loop,  a sharp  hook,. or  forceps  may  be  required  for  the 
delivery  of  the  lens.  Loss  of  some  of  the  vitreous  humor  is  to  be  e\p^cfer.. 

Tyrrell’s  Drilling  Operation,  which  is  sometimes  of  value  in 
the  treatment  of  cataract  with  iritic  adhesions  following  sympathetic 
ophthalmitis,  will  be  mentioned  in  Chapter  XVIII. 

Dilation  of  the  Pupil  before  Extraction  is  practiced  by  some 
operators,  particularly  by  the  English  surgeons  in  IndL 

Extraction  of  Immature  Cataract. — While  most  surgeons  delay  the 
extraction  until  the  lens  has  become  ripe,  and  others  approve  of  artificial 
ripening,  there  are  those  who  favor  extraction  oe  immature  lenses  in  per- 
sons about  or  above  the  age  of  sixty  years  ■ One  of  the  strongest  advocates 
of  this  practice  is  Schweigger,  who  has  said:  “At  sixty  years  of  age  the 
lens  is  hardened  in  its  entirety,  whether  cataractous  or  not,  and  whether 
the  cataract  is  complete  or  not.  The  cataract  and  the  induration  are 
phenomena  absolutely  different . the  one  is  pathologic,  the  other  physio- 
logic. Thus,  in  persons  of  sixiy  years  who  have  lost  the  faculty  of  accom- 
modation, a cataract  even  incompletely  developed  may  be  removed  without 
the  opacities  being  reproduced,  for  it  is  certain  that  the  lens  can  be  re- 
moved entirely.”  V,  oncer  these  circumstances,  extraction  is  undertaken, 
an  iridectomy  should  be  made  and  special  attention  should  be  given  to  the 
removal  of  cortical  substance.  If  much  cortex  remains,  iritis  will  be  sure 
to  develop.  The  use  of  atropin  immediately  after  extraction  will  be  advis- 
able. Jt  oh  iuld  be  used  until  all  corneoscleral  redness  has  disappeared. 
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Some  surgeons,  of  large  experience  in  the  extraction  of  immature 
cataract,  advocate  irrigation  of  the  anterior  chamber  with  a warm  saline 
solution,  immediately  following  the  delivery  of  the  lens.  McKeown  oper- 
ates in  this  manner : After  the  corneal  section  and  a small  iridectomy  have 
been  made,  a fine  hollow  needle  is  introduced  inside  the  capsule  of  the 
lens.  Then  a few  drops  of  the  solution  are  injected,  by  siphonic  action, 
beneath  the  capsule.  The  cystotomy  is  then  made  and  the  lens-nucleus 
delivered.  The  cortical  substance  is  then  to  be  removed  by  irrigation. 

Scleronyxis,  or  Keratonyxis  (Dislocation  of  the  Lens;  “Couching”). 

This  ancient  operation,  which  has  practically  become  obsolete,  consists  in 
depressing  the  lens  into  the  vitreous  body  by  means  of  a cataract-needle 
passed  through  the  cornea  or  sclera.  The  operation  as  a routine  pro- 
cedure justly  has  been  abandoned  by  reason  of  its  many  sequel®.  While 
the  immediate  effect  of  the  dislocation  of  a cataractous  lens  is  most  bril- 
liant, the  ultimate  result  is  disastrous,  the  majority  of  patients  becoming 
blind  in  a few  years  from  detachment  of  the  retina,  iridocyclitis,  glaucoma” 
chorioiditis,  hyalitis,  etc. 

Recently  Powers,  of  London,  and  Suker,  of  Chicago,  have  revised  lie 
operation,  which  is  to  be  employed  only  in  carefully  selected  cases.  Suker 
considers  the  operation  justifiable  in  the  following  conditions : Cataract 
in  the  insane,  epileptic,  hemophilic;  in  cases  with  tremulou.  nis  or  fluid 
vitreous  humor  without  chorioiditis  or  retinitis;  in  incurable  dacryo- 
cystoblennorrhea,  or  conjunctivitis;  in  extreme  old  age,  with  its  attending 
infirmities;  in  patients  with  incurable  bronchitis  and  cough ; in  cases  in 
which,  one  eye  having  been  operated  and  lost  by  suppuration,  the  indica- 
tions point  to  danger  of  the  same  disaster  te  the  other  eye;  in  shrunken 
and  secondary  cataracts;  and  in  posterior  dislocations  with  tremulous  iris. 
While  the  author  believes  that  this  list  is  too  long,  he  can  conceive  of  cases 
in  which  depression  might  be  justified  and  extraction  not  warranted. 
Extreme  age  alone  is  not  a barrier  tc  successful  extraction  and  mild  forms 
of  insanity  do  not  prohibit  successful  operations.  In  persistent  dacryo- 
cystoblennorrhea  excision  of  the  uiseased  area,  followed  a month  later  by 
extraction  of  the  lens,  should  oe  preferred.  Nor  can  the  failure  of  an 
extraction  on  the  first  eye  be  justly  advanced  as  an  argument  for  couching. 
The  operation  of  couching,  however,  may  be  considered  justifiable  in  vio- 
lently insane  subjects;  In  those  epileptics  who  are  subject  to  daily  seizures, 
and  in  those  cataract  patients  of  advanced  age  who,  being  near  death,  wish 
to  see  the  frees  ~>f  their  loved  ones  once  again. 

The  operation  of  couching  requires  a speculum,  a fixation-forceps,  and 
a cataract-needle.  The  pupil  having  been  dilated,  the  needle  is  passed 
through  the  cornea  to  the  upper  border  of  tlie  pupil  and  placed  against  the 
lens.  Then  gradually  increasing  pressure  is  used  to  rupture  the  zonula 
and  force  the  cataract  backward  into  the  vitreous.  If  the  needle  becomes 
engaged  in  the  lens  it  can  be  dislodged  by  slightly  rotating  the  instrument 
on  its  axis.  It  can  then  be  withdrawn  without  danger  of  the  lens  following 
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into  the  anterior  chamber.  The  eye  should  be  bandaged  and  kept  at  rest 
for  a few  days.  Atropin  should  be  used  in  the  after-treatment. 

Operations  for  Juvenile  Cataract. — In  the  complete  opacity  of  con- 
genital and  juvenile  cataract  discission  is  the  proper  operation.  If  a large 
part  of  the  lens  is  clear  a visual  iridectomy  should  first  be  tried.  Dis- 
cission, or  the  needle  operation,  requires  a speculum,  fixation-forceps,  and 
two  cataract-needles.  The  pupil  having  been  dilated  and  the  patient  being 
under  a local  or  general  anesthetic,  the  same  preparation  of  patient, 
operator,  and  instruments  is  to  be  employed  as  in  extraction.  The  specu- 
lum having  been  introduced,  the  operator,  holding  the  globe  with  the  forceps 
in  the  left  hand,  with  the  right  passes  a cataract-needle  through  the  cornea 
into  the  lens-capsule,  making  a crucial  incision.  The  instruments  are  then 
to  be  ■withdrawn,  more  atropin  is  applied,  the  conjunctiva  is  washed  with 
a biclilorid  solution,  both  eyes  are  bandaged,  and  the  patient  is  placed  in 


Fig.  :U0. — Depression  of  cataract.  (\vvvr2.) 


bed.  Atropin  is  to  be  continued  until  all  s'gni  of  irritation  have  dis- 
appeared. In  favorable  cases  both  eyes  sl  ould  ue  covered  for  four  or  five 
days.  Care  must  be  taken  not  to  dislocate  the  lens  by  the  employment  of 
too  much  force,  nor  to  open  the  capsuic  "oo  extensively.  Pain  and  iritis 
are  to  be  overcome  by  atropin  and  heat  applied  as  previously  explained.  If 
there  is  rapid  swelling  of  the  len;  with  the  advent  of  increased  tension, 
the  cornea  should  be  opened  vuth  the  von  Graefe  knife  and  the  lens  deliv- 
ered as  in  the  operation  foi  traumatic  cataract.  Dunn  claims  that  if  the 
aqueous  humor  is  permitted  to  drain  away  before  withdrawing  the  needle, 
thus  producing  temporary  minus  tension,  there  will  be  no  danger  of  glau- 
comatous symptoms  following  discission.  The  object  of  the  needle  opera- 
tion is  to  brin^  Lhe  aqueous  humor  into  contact  with  the  lens.  Solution 
of  lens-substai'ce  then  occurs  and  absorption  follows.  It  is  far  safer  to 
repeat  the  operation  several  times  at  intervals  of  a month  or  more  than 
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to  make  too  extensive  an  opening  at  one  time.  In  the  later  stages,  in 
cases  where  the  posterior  capsule  is  tough,  two  needles  should  be  used, 
thus  avoiding  traction  on  the  ciliary  body.  While  generally  the  needle 
operation  gives  excellent  results,  serious  inflammation  and  even  loss  of  an 
eye  may  happen  to  the  most  careful  surgeon. 

At  what  age  should  discission  give  way  to  extraction?  In  general 
terms  it  may  be  said  that  discission  is  rarely  admissible  after  the  twentieth 
year.  In  high  myopia  the  needle  operation  is  sometimes  employed  to 
cause  absoqrfion  of  a clear  lens.  This  subject  will  be  discussed  in  the 
chapter  on  “Befraction.” 

Operations  for  Traumatic  Cataract. — Where  the  lens  is  injured  and 

swells  rapidly,  causing  increased  tension,  it  should  be  extracted  by  the 
method  to  be  described.  For  years  it  has  been  the  practice  to  employ  the 
linear  operation.  Performed  for  the  purpose  of  relieving  undue  tension 
and  evacuating  lenticular  fragments,  the  nature  of  the  operation  is  such  as 
to  diminish  the  first  only  temporarily  and  defeat  the  second  frequently. 


1,  Site  of  incision  in  the  author’s  method  of  extraction  in  ‘ru,,rnatic  cataract.  2,  3, 

- Site  of  incision  in  the  linear  opi  ratioi ., 

The  site  of  the  incision  in  the  linear  operation  precludes  the  possibility  of 
removing  all  fragments  of  the  swollen  lenc.  The  oblique  course  of  the 
wound,  shown  in  Fig.  311,  renders  it^  patency  impossible  while  favoring 
its  closure.  Furthermore,  the  incision  made  with  the  keratome  is  often 
too  short.  Flap  wounds  of  the  cornea  gape  more  than  linear  ones,  the 
tendency  to  gape  depending  upon  whether  the  wound  traverses  the  tissues 
perpendicularly  or  obliquely  \ perpendicular  section  can  be  made  easier, 
safer,  and  better  with  the  Von  Graefe  knife  than  with  a keratome.  If  the 
instrument  passes  obliquely  through  the  cornea,  the  lips  of  the  wound 
close  like  a valve.  'be  closure  is  due  to  intra-ocular  pressure.  This  force, 
in  the  linear  onwa;ion  (see  Fig.  311),  acts  as  strongly  on  the  posterior 
lip  (3)  as  the  anterior  (2).  The  \vound  must  be  made  to  gape  before 
lens-substame  can  be  expressed.  Gaping  of  the  wound  can  be  produced, 
not  bv  pressure  opposite  the  site  of  the  incision,  but  by  force  applied 
peripherally  to  the  wound  (at  <4  in  Fig.  311).  Such  an  operation  is 
unscientific.  In  place  of  it,  the  author  for  several  years  has  followed  this 
procedure : The  patient  being  under  a general  anesthetic,  the  pupil  having 
been  dilated,  a von  Graefe  knife  is  passed  into  and  out  of  the  cornea,  as 
in  the  extraction  of  senile  cataract.  The  incision  includes  nearly  one-lialf 
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the  circumference  of  the  cornea.  Such  a wound  will  permit  the  removal 
of  all  swollen  lens-substance,  and  frequently  it  will  obviate  the  necessity 
of  an  iridectomy.  Attention  to  asepsis  is  imperative.  Atropin  drops  are 
to  be  continued  for  ten  days. 

Procedures  for  Post-operative  Cataract.— Following  a successful  ex- 
traction the  lens-capsule  may  become  thickened.  In  the  majority  of  cases 
this  occurs  at  a period  varying  from  a few  mofitlis  to  several  years.  Ihe 
result  is  a great  diminution  of  vision.  The  remedy  is  to  remove  a cential 
piece  of  the  offending  membrane,  or  to  make  an  opening  in  it  sufficiently 
large  for  visual  purposes.  The  obstruction  to  vision  may  come  from  a 
closure  of  the  opening  which  was  made  in  the  anterior  capsule  at  the 
time  of  operation.  Proliferation  of  the  epithelial  cells  of  the  capsule 
follows,  and  thus  a tough,  gray  membrane  is  formed.  In  another  series 
of  cases  in  which  peripheral  eapsulotomy  has  been  performed,  both  anterior 


Pig.  312. — Post-operative  cataract.  (Bach.) 

A,  Thickened  capsule  before  operation.  B,  Central  opening  following  *18,  ission. 


and  posterior  capsules  are  thickened.  In  still  another  type  adhesions  exist 
between  the  iris  and  capsule,  and  subsequent  contraction  of  the  mass  exeits 
injurious  traction  on  the  ciliary  body.  A grave  fo^u  c.  opacity  is  that-  in 
which  the  pupil  has  been,  drawn  into  the  cornea1  vound.  The  iris  is  then 
placed  on  the  stretch,  and  a solid  mass,  composed  of  iris,  capsule,  and 
exudate,  obstructs  the  view.  The  simple  orm  or  obstruction  shows  a black 
pupil  by  ordinary  inspection,  but  oblioue  illumination  reveals  a delicate, 
wavy,  gray  membrane  in  the  pupilla”>  <nea.  In  this  condition  the  follow- 
ing “operation  should  be. made:  AiLer  dilating  the  pupil,  preparing  the 
parts  as  for  an  extraction,  and  anesthetizing  the  eye,  the  operator  passes 
two  very  sharp  needles  through  the  cornea.  The  points  of  the  needles 
should  be  made  to  pass  through  the  same  opening  in  the  capsule.  Then, 
the  handles  being  brought  together,  the  needle  points  are  separated,  each 
needle  forming  a support  for  the  other,  so  that  traction  will  not  be  made 
upon  the  ciliary  body.  The  capsule  should  be  cut,  not  torn.  The  needles 
are  to  be  wifhc>fl  *cn,  atropin  used  for  ten  days,  and  glasses  prescribed 
after  all  sign,  of  irritation  have  disappeared.  If  intra-ocular  tension  rises, 
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a paracentesis  of  the  anterior  chamber  should  be  made  and  the  atropin 
should  be  replaced  by  a 2-grain  strength  solution  of  pilocarpin  used  thrice 
daily.  If  the  tension  is  not  reduced,  or  again  rises,  a broad  iridectomy 
should  be  made  at  once.  This  will  reduce  the  tension.  This  form  of 
glaucoma  occurs  in  1 to  2 per  cent,  of  needle  operations.  Another  danger 
is  infection,  which  occasionally  destroys  an  eye  after  this  procedure. 

Discission  with  a knife-needle  is  preferred  by  many  operators  and 
useful  instruments  for  this  purpose  have  been  devised  by  Hays,  Knapp, 
Woodward,  and  Post.  The  blade  should  be  extremely  sharp.  A von  Graefe 
cataract-knife  may  be  used  in  place  of  the  knife-needle. 

Instead  of  employing  the  needle  operation,  Callan  pierces  the  cornea 
and  capsule  with  a long  narrow  keratome.  After  withdrawing  this  in- 
strument de  WeckePs  scissors  is  to  be  passed  into  the  eye,  one  blade  being 
in  front,  the  other  behind  the  capsule,  which  is  then  to  be  cut.  Thus  a 
T-shaped  aperture  is  made.  If  the  capsule  is  not  unduly  tough,  a clear 
pupillary  area  can  be  obtained  by  the  use  alone  of  the  long  angular  keratome. 


Fig.  313. — Operation  for  post-operative  cataract.  (KoHnt.) 

This  is  passed  through  the  cornea  and  capsule,  ana  while  still  in  situ,  is 
made  to  move  from  side  to  side,  thus  producing  u larger  capsular  opening. 
This  procedure  requires  a very  sharp  instrument.  It  is  not  applicable  to 
thick,  tough  capsules,  and  can  be  employed  only  with  the  pupil  dilated. 
As  in  other  similar  procedures,  atropin  is  xo  be  used  in  the  after-treatment. 

In  those  serious  cases  of  post-operative  cataract  where  the  iris  has 
been  drawn  into  the  corneal  wound  and  a dense  membrane  fills  the  pupillary 
area,  a more  radical  operation  will  be  necessary.  The  best  procedure  is  to 
make  a large  corneal  opening  and  with  de  Wecker’s  scissors  cut  out  as 
large  a section  of  the  nieml  rane  as  possible,  always  avoiding  traction  on 
the  ciliary  body.  Among  numerous  operations  suggested  for  this  purpose, 
that  of  Kuhnt  is  ono  ot'  the  most  valuable.  A cataract-knife  passed  through 
the  cornea,  iris,  and  membrane  is  brought  out  on  the  opposite  side,  as 
shown  in  Fig.  3 id.  Then  with  the  de  Wecker  scissors  a large  part  of  the 
obstruction  is  to  be  excised. 

Artificial  Ripening  of  Cataract. — Some  cases  of  binocular  cataract 
may  '•’ij.en  very  slowly,  necessitating  a long  period  of  waiting,  which  may 
be  injurious  to  those  who  are  wage-earners  or  those  who  have  business 
interests.  In  such  cases,  the  other  parts  of  the  eye  being  in  good  condi- 
gn, there  should  not  be  any  hesitation  to  ripen  the  lens.  For  the  per- 
formance of  this  procedure  the  pupil  should  be  dilated  by  a mydriatic. 
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The  anterior  chamber  is  to  be  opened  with  a keratome  and  the  lens  is  to  be 
triturated  by  means  of  a small  spatula.  In  a few  weeks’  time  the  arti- 
ficially ripened  lens  can  be  extracted.  This  operation  is  not  of  value  in 
posterior  polar  cataract,  in  slowly  sclerosing  lenses  with  few  striae,  and  in 
the  slowly  forming  cataract  of  myopia. 

Operations  for  Artificial  Eipening. — Numerous  procedures  have 
been  devised  for  the  artificial  ripening  of  cataract.  They  can  be  tabulated 
as  follows : — ✓ 

1.  Simple  division  of  the  anterior  capsule. 

2.  Division  combined  with  iridectomy:  Mooren’s  operation. 

3.  Division  and  external  massage. 

4.  Iridectomy  and  external  massage:  Forster’s  operation. 

5.  Iridectomy  and  internal  massage  directly  on  the  anterior  capsule:  Bettman’s 
operation. 

6.  Simple  paracentesis  with  indirect  massage:  White’s  operation. 

7.  Paracentesis  with  direct  massage. 

8.  Injection  by  the  Pravaz  syringe  of  fluid  beneath  the  anterior  capsule:  Jocqs’s 
method. 

The  question  arises : Which  one  of  these  is  the  best  operation  ? Before 
performing  any  of  these  procedures  the  operator  should  know  that  the 
zonula  is  intact,  the  tension  not  below  normal,  and  the  pupil  dilatable. 

1.  Simple  division  of  the  anterior  capsule  is  condemned  by  all  authori- 
ties on  account  of  the  inflammatory  changes  which  follow  a rapidly  swelling 
lens.  These  are  not  only  iritis,  but  also  panophthalmitis.  The  most  expert 
enced  ophthalmic  surgeon  cannot  always  tell  wThen  a wound  of  the  lens 
will  be  followed  by  a dangerous  reaction.  The  opening  in  the  capmle 
may  be  too  small.  The  surgeon  may  lacerate  the  fibres  too  extensively 
and  cause  the  lens  to  swell  too  rapidly.  Sometimes  the  resvit  ;s  entirely 
negative,  the  operation  causing  a plug  of  cortex  to  be  squeezed  out  of  the 
capsular  wound,  which  afterward  closes.  The  same  objecti  ms  obtain  in  the 
case  of  (2)  division  combined  with  iridectomy  and  (3)  division  with 
external  massage. 

4.  Iridectomy  and  external  massage  is  the  operation  formerly  most 
frequently  performed,  and  is  to  be  preferred  to  any  procedure  in  which 
the  capsule  is  divided.  However,  there  are  some  objections  to  it.  To 
those  who  prefer  the  simple  extraction.  +he  iridectomy  would  be  a serious 
objection.  Although  the  pupil  is  diluted  by  atropin  before  commencing 
Forster’s  operation,  some  fibres  of  the  iris  are  likely  to  be  pressed  between 
the  lens  and  cornea,  thus  causing  iritis.  Mittendorf  has  recorded  the  loss 
of  an  eye.  It  must  be  remembered  that  the  cornea  also  is  being  triturated, 
and  its  epithelial  coat  may  be  rubbed  off.  Forster  himself  has  called  atten- 
tion to  the  danger  of  injury  to  the  cornea  and  iris,  and  to  the  possibility 
of  producing  a dislocation  of  the  lens.  The  danger  of  dislocating  the 
lens  pertains  as  well  to  other  operations  for  artificial  ripening. 

5.  The  o per  ition  of  direct  massage  is  the  best  procedure.  It  can 
be  done  with  (5)  or  without  (7)  iridectomy.  The  trituration  is  made 
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directly  upon  the  lens-capsule.  The  iris  is  not  compressed;  hence  the 
danger  of  iritis  is  less  than  in  Forster’s  operation.  The  percentage  of 
successes  will  be  found  to  be  greater  than  in  any  operation  where  the  mas- 
sage is  indirect. 

6.  White’s  operation,  or  paracentesis  and  external  massage.  The  same 
objection  (danger  of  compressing  the  iris)  as  that  applied  to  Forster’s 
operation  also  obtains  here. 

7.  For  the  Bettman  operation  these  instruments  are  needed  : speculum, 
fixation-forceps,  keratome,  iris-forceps,  scissors,  and  spatula.  The  spatula 
is  made  of  aluminum.  It  is  twenty-eight  millimetres  long  and  one  milli- 
metre wide.  The  cornea  is  to  be  opened  by  means  of  the  keratome,  the 
iridectomy  made,  and  gentle  massage  applied  by  passing  the  spatula  into 
the  anterior  chamber  under  the  iris  and  on  the  anterior  capsule.  Ten  or 
twelve  movements  will  suffice.  Atropin  is  to  be  continued  for  a week. 
Three  or  four  weeks  later  the  extraction  can  be  made. 

8.  Jocqs’s  method  is  new,  and  has  not  been  sufficiently  tested  to  permit 
an  opinion  as  to  its  value. 

Refraction  after  Extraction. — Removal  of  the  lens  leaves  the  eye 
aphakic.  To  secure  good  vision,  a convex  lens  must  be  placed  from  of 
the  eye.  To  this  must  be  added  a convex  glass  of  about  three  dioptres’ 
strength  in  order  that  the  patient  may  read.  To  glasses  h/h  for  far  and 
near  work  there  must  be  added  a cylinder  to  correct  the  astigmatism  remain- 
ing after  the  operation.  This  averages  about  three  or  t'o^r  dioptres.  The 
astigmatism  following  cataract  extraction  is  greats*,  immediately  after  the 
extraction  and  progressively  diminishes  for  si:  or  eight  weeks  or  longer. 
In  some  cases  there  is  a further  normal  induction  in  astigmatism,  and 
glasses  must  again  be  prescribed  at  the  ena  of  six  months.  Here,  as  else- 
where, the  estimation  of  the  amount  of  astigmatism,  and  the  determination 
of  the  axis  at  which  the  cylinder  is  to  V placed,  is  much  simplified  by  the 
use  of  the  astigmometer. 

Results  of  Cataract  Operatic^?. — Statistics  compiled  from  the  reports 
of  skillful  surgeons  show  that  th**  result  of  cataract  extraction  is  the  restora- 
tion of  a useful  amount  A vision  in  95  per  cent,  of  uncomplicated  cases.  Of 
the  remaining  cases,  3 p^  jent.  will  have  perception  of  light;  2 per  cent, 
will  be  totally  blind.  In  tabulating  their  cases,  ophthalmic  surgeons  con- 
sider vision  of  20/xn0:  or  better,  to  be  a good  result.  Vision  from  1/200  t° 
18/2oo  is  classed  ac  a moderate  result,  while  cases  possessing  only  perception 
of  light  ai*'  Jarsed  with  the  totally  blind  as  failures. 

Spontaneous  Cure  of  Cataract. — Spontaneous  disappearance  of  senile 
cataract  occurs  so  rarely  that  the  surgeon  is  not  justified  in  mentioning 
it  to  a patient.  Brettauer,  in  1885,  reported  three  cases  of  spontaneous 
absorption  of  senile  cataract,  with  restoration  of  vision,  in  all  of  which 
l?  had  removed  a cataract  from  the  fellow-eye.  In  these  cases  there  was 
no  sign  or  history  of  injury,  operation,  or  disease.  Pyle  has  classified  the 
reported  cases  as  follows: — 


469 


DISEASES  OF  THE  CRYSTALLINE  LENS. 

1.  Cases  of  absorption  after  spontaneous  rupture  of  the  anterior  or  posterior 
capsule. 

2.  Cases  of  spontaneous  dislocation  of  the  cataractous  lens. 

3.  Cases  of  intracapsular  resorption  of  the  opaque  cortex  and  sinking  of  the 
nucleus  below  the  axis  of  vision,  after  degenerative  changes  in  Morgagnian  cataract, 
without  rupture  of  the  capsule  or  dislocation  of  the  lens. 

4.  Cases  of  complete  spontaneous  resorption  of  both  nucleus  and  cortex  with- 
out reported  history  of  ruptured  capsule,  dislocation,  or  degeneration  of  the 

Morgagnian  type.  , , 

5.  Cases  of  spontaneous  disappearance  of  incipient  cataract  without  degeneia- 

tive  changes  or  marked  difference  in  the  refraction. 


DISLOCATION  OF  THE  LENS,  ETC. 

Acquired  Dislocation  of  the  Lens  may  occur  from  trauma  or  spon- 
taneously.  If  from  trauma,  the  other  structures  of  the  eye  may  be  seri- 
ously injured  simultaneously.  The  lens  may  be  thrown  backward  into 
the  vitreous  body,  or  forward  into  the  anterior  chamber.  It  may  pass 
through  a corneoscleral  rupture  into  a bed  beneath  the  conjunctiva,  or  into 
the  capsule  of  Tenon,  or  may  be  extruded  entirely  from  the  eye.  At 
present  only  dislocation  without  rupture  of  the  globe  will  be  considered. 
Spontaneous  dislocation  occurs  in  cases  in  which  a congenital  defect  or 
acquired  disease  has  weakened  the  zonula  of  Zinn.  Atrophy  of  the  zonula 
may  result  from  liquefaction  of  the  vitreous,  chorioiditis,  high  myopia,  or 
detachment  of  the  retina,  and  is  not  infrequent  in  hypermature  cataract. 
The  zonula  being  weakened,  a slight  disturbance,  such  as  coughing,  sneez- 
ing, or  bending  over,  will  suffice  to  cause  a dislocation.  The  ens  may 
completely  leave  its  bed,  luxation ; or  it  may  remain  partly  in  place  and 
be  tilted  forward  or  backward,  subluxation.  Dislocation  into  the  vitreous 
humor  is  more  frequent  than  into  the  anterior  chamber  It  the  vitreous 
is  softened,  the  lens  can  be  seen  bobbing  about  whenever  the  eye  is  moved. 
A misplaced  lens  becomes  opaque,  but  in  the  vitreo  ’s  t may  retain  its 
transparency  for  a long  period.  It  acts  as  a foreign  body  and  can  cause 
serious  trouble.  The  uveal  tract  becomes  inhaled,  and  such  eyes  often 
end  in  iridochorioiditis.  If  dislocated  into  the  anterior  chamber,  the  lens 
may  block  the  drainage  apparatus,  causing  pain,  increase  of  tension,  and 
destruction  of  vision.  In  subluxatior  the  patient  is  likely  to  be  myopic. 
The  zonula  having  lost  its  power  over  the  lens,  the  latter  by  its  elasticity 
gains  greater  curvature,  thereby  increasing  the  refraction. 

Diagnosis.— A partly  dislocated  lens,  if  clear,  may  cause  monocular 
diplopia.  When  the  lens  ;s  in  the  vitreous  humor,  the  anterior  chamber 
looks  deep;  the  iris  is  remulous,  accommodative  power  is  lost,  the  pupil 
usually  is  enlarged,  and  uften  the  dislocated  lens  can  be  seen  by  the  naked 
eye.  To  the  ophthalmoscope  the  eye  is  markedly  hypermetropic  and  the 
lens  can  be  found  as  a dark,  grayish  body,  constantly  shifting  its  position. 
When  in  the  anterior  chamber,  the  lens,  by  ordinary  illumination,  appears 
of  a golden  or  amber  color  much  resembling  a large  drop  of  oil.  It  may 
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wander  from  the  vitreous  to  the  anterior  chamber  in  response  to  the 
position  of  the  eye.  It  may  remain  for  weeks  in  the  anterior  chamber, 
setting  up  great  inflammation,  and  suddenly  be  found  in  the  vitreous. 

Prognosis. — An.  eye  with  its  lens  located  in  the  anterior  chamber, 
and  without  other  lesions,  offers  a favorable  prognosis.  If  glaucomatous 
symptoms  have  appeared,  the  outlook  is  not  so  favorable,  although  it  is 
surprising  how  well  some  apparently  desperate  cases  will  do  after  removal 
of  the  irritating  body.  A dislocation  into  the  vitreous,  if  recent,  may 
offer  a good  prognosis,  provided  the  surgeon  can  succeed  in  getting  the 
lens  into  the  anterior  part  of  the  eye,  from  which  it  can  be  extracted.  An 
old  dislocation,  with  a fluid  vitreous  humor,  offers  little  encouragement. 

Treatment. — The  proper  treatment  is  extraction.  If  the  lens  is  in 
the  anterior  chamber,  removal  will  be  easy.  The  first  step  will  be  the 
anchorage  of  the  lens.  A local  anesthetic  is  to  be  used  and  a speculum 
introduced.  The  lens  is  to  be  fixed  by  passing  an  ordinary  straight  sad- 
dler’s needle,  held  in  a Sand  needle-holder,  through  the  cornea.  Then 
with  a von  Graefe  knife  the  cornea  is  to  be  opened  as  in  the  ordinary 


Fig.  314. — Dislocation  of  the  lens  into  ’ie  anterior  chamber. 

(Von  Ammon.) 

extraction.  A wire  loop  is  to  be  passed  behind  the  lens,  which  is  then 
delivered.  The  use  of  the  bident  is  n>.t  necessary.  The  treatment  is  the 
6ame  as  that  employed  after  a naturae l operation.  If  the  lens  has  caused 
great  inflammation,  or  if  the  parent  is  a child,  a general  anesthetic  will  be 
necessary.  It  should  be  gi  *er  with  the  patient  placed  face  downward. 
Otherwise,  when  ready  to  oierate,  the  surgeon  may  find  that  the  lens  has 
passed  into  the  vitreous  humor.  It  may  be  advisable  to  anchor  the  lens 
under  holocain  or  cc^aiii  and  deliver  it  under  chloroform.  If  it  is  situated 
in  the  vitreous  chamber,  attempts  to  remove  it  are  not  justifiable  unless 
its  position  ena  bt  changed.  With  the  pupil  dilated  and  the  patient  placed 
face  dovmuva-d,  the  lens  may  drop  into  the  anterior  chamber,  in  which 
event  eserm'  should  be  instilled  immediately,  in  the  hope  that  the  contract- 
ing iris  will  hold  it  in  position  until  it  can  be  anchored.  In  these  cases, 
ow. ng  tc  the  great  danger  of  loss  of  vitreous  humor,  it  will  be  advisable 
t"  make  use  of  the  Ivalt  suture.  If  an  eye  containing  a lens  located  in 
the  vitreous  humor  is  blind  and  painful,  an  enucleation  should  be  made 
to  prevent  the  occurrence  of  sympathetic  ophthalmitis. 
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Parasites  in  the  Lens.— The  parasites  which  have  been  found  in  the 
lens  are  filaria,  monostoma,  and  distoma.  The  filaria,  filaria  lentis,  is  a 
species  of  which  the  female  has  been  found  several  times  in  cataractous 

lenses.  It  measures  from  one  to  three  millimetres  in  length.  For  obvious 

reasons  it  is  found  in  hot  climates,  particularly  on  the  west  coast  of  Africa. 

Spontaneous  Extrusion  of  the  Lens  is  of  very  rare  occurrence.  In 
a case  reported  by  R.  J.  Hamilton,  an  infant  of  four  months  was  brougi 
to  him  with  an  apparent  rupture  of  the  corneoscleral  margin  The  mother 
stated  that  the  lens  had  come  out  while  she  turned  the  child  on  her  knee. 

A week  later  the  night  nurse  reported  that  the  other  lens  had  been  extruded 
it  being  found  on  the  pillow  while  the  child  was  asleep.  The  child  died 
the  following  day  and  post-mortem  examination  showed  that  the  vitreous 
chamber  was  occupied  by  a white,  opaque  membrane  which  was  attached 
posteriorly  to  the  centre  of  the  optic  disc,  from  which  it  spread  out  in 
pear-shape  and  was  attached  at  several  points  to  the  chorioid.  Tn  con- 
tracting it  had  separated  the  chorioid  from  the  sclera.  The  contraction 
of  this  membrane  was  the  vis  a tergo.  which  was  sufficient  to  expel  t ie 
lens  through  what  is  the  weakest  part  of  the  eye  m early  life,  viz. : the 

corneoscleral  margin.  , ,, 

Ossification  of  the  Lens  has  been  observed  by  Panas  and  others. 

Regeneration  of  the  Lens.— The  reproduction  of  the  human  lens  after 
extraction  has  never  been  demonstrated,  although  Vrolik  claimed  to  have 
seen  “a  transparent  new  formation”  in  the  site  of  a crystalline  lens  w >c  i 
had  been  removed  eleven  years  previously  for  cataract.  Regenerated 
of  the  lens  in  some  of  the  lower  animals— as  rabbits,  dogs,  and  gu:ea- 
pio-s—does  occur.  Recently  Randolph  has  published  the  resu.ts  of  ;wenty 
experiments  made  on  newts  in  which  he  obtained  regenemmn  m six. 
Since  “regeneration  occurs  even  when  the  lens  has  been  removed  m cap- 
sule ” he  concludes  that  the  new  lens  takes  its  origin  trom  the  ins,  thus 
confirming  the  experiments  of  Wolff.  Great  activity  of  the  capsular 
epithelium  is  often  noticed  after  the  extraction  J cataract  Randopi 
asks:  “May  not  this  be  an  attempt  at  regeneration,  an  attempt  which 
is  so  often  successful  in  creatures  lower  in  ihe  animal  series?” 

Injuries  of  the  Lens.— These  include  rupture  of  the  zonula,  disloca- 
tion, rupture  of  the  anterior  or  posterior  capsule,  and  opacity  without 

visible  lesion  (concussion  cataract.  1 . 

Penetrating  injuries  without  tb  > retention  of  a foreign  body  are  occa- 
sionally seen.  Among  the  eg.nts  concerned  with  the  production  of  such 
injuries  are  thorns,  needles,  and  knife-blades.  The  injury  may  involve 
the  zonula  or  the  peripheral  part  of  the  lens,  in  which  case  the  ms  will 
conceal  the  wound.  A 'ter  perforation  of  the  zonula  near  its  lenticular 
attachment  a stellate  opacity  of  the  posterior  layers  of  the  cortex  is  likely 
to  occur  Often,  in  these  cases,  if  the  eye  is  not  lost  by  infection,  there 
will  be  comp '.ate  opacity  of  the  lens.  In  rare  instances  the  wound  m the 
capsule  will  neal  and  lenticular  opacity  will  completely  disappear.  Ihere 
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may  be  rapid  swelling  of  lens-fibres  and  increased  intra-ocular  tension, 
which  will  necessitate  an  immediate  extraction. , In  cases  of  less  severity 
the  use  of  atropin  will  be  required. 

Foreign  Bodies  in  the  Lens. — Not  infrequently  foreign  bodies,  such 
as  pieces  of  iron,  steel,  or  copper,  will  lodge  in  the  lens.  They  may  be 
visible  or  hidden,  depending  upon  the  depth  to  which  they  penetrate,  upon 
the  amount  of  lenticular  swelling,  and  upon  the  time  which  has  elapsed  since 
the  receipt  of  the  injury.  If  hidden,  they  can  be  localized  by  means  of  the 
x-rays.  Not  infrequently  it  will  be  found  that  the  foreign  body  has  either 
passed  through  the  lens  into  the  vitreous,  retina,  chorioid,  sclera,  or  orbital 
tissues,  or  has  lodged  in  the  ciliary  region. 


CHAPTER  XIV. 

DISEASES  OF  THE  VITREOUS  HUMOR. 

Coloboma  of  the  Vitreous  Humor  is  a rare  congenital  anomaly  which 
appears  as  a cleft  in  the  under  part  of  the  vitreous  body,  extending  in  the 
most  marked  instances  from  the  optic  papilla  to  the  ciliary  region,  while 
in  lighter  grades  it  occupies  only  the  anterior  or  posterior  part  of  the 
vitreous. 

Persistent  Hyaloid  Artery  (Canal  of  Cloquet). — An  unusual  anomaly 
is  the  extra-uterine  existence  of  the  hyaloid  canal:  a lymph-space  in  the 
axis  of  the  vitreous  body.  The  hyaloid  artery,  which  during  fetal  life  is 
an  extension  of  the  central  retinal  artery,  running  in  the  canal  of  Cloquet, 
generally  disappears  about  the  seventh  or  eighth  month  of  intra-uterine 
life.  When  persistent,  it  forms  a rare  anomaly  and  runs  forward  in  the 


Fig.  315. — Coloboraa  of  the  vitreous  humor.  (Ecker.) 

vitreous,  sometimes  reaching  the  posterior  surface  of  tao  lens.  It  may 
be  seen  floating  in. the  vitreous  in  one  of  several  forms : as  a strand  attached 
either  to  the  papilla  or  lens,  as  a vitreous  vessel  carrying  blood,  as  a canal 
without  a vessel,  or  as  a cyst-like  body.  Its  presence  is  not  incompatible 
with  normal  vision,  and  the  anomaly  is  chiefly  cf  interest  as  a scientific 
curiosity.  In  a case  recently  examined  by  .he  author  the  canal  was  present 
in  both  eyes  as  a funnel-shaped,  grayish,  floating  body.  Traces  of  the 
hyaloid  artery  are  also  sometimes  spe^  at  the  posterior  pole  of  the  lens, 
as  a speck  on  the  capsule,  and  at  the  optic  disc  as  gray,  connective-tissue 
tags.  According  to  Mittendcrf.  .'hebe  small  opacities  of  the  posterior  cap- 
sule are  non-progressive,  do  net  interfere  with  vision,  and  are  found  in 
2.3  per  cent,  of  eyes. 

Inflammation  of  the  Vitreous  Humor. — The  term  hyalitis  is  applied 
to  inflammation  of  tne  -itreous  body  (and  not  to  the  hyaloid  membrane), 
which  presents  two  forms:  one  suppurative  and  the  other  connected  with 
the  formation  of  opacities.  Strictly  speaking,  the  changes  which  are 
about  to  be  a ^sciibed  are  not  distinct  diseases,  but  are  simply  manifestations 
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of  pathologic  changes  in  the  retina,  ciliary  body,  chorioid,  or  the  optic  nerve, 
or  are  due  to  trauma.  Since  the  nutrition  of  the  vitreous  depends  on  the 
vessels  in  the  ciliary  body  and  retina,  it  is  apparent  that  lesions  in  these 
parts  readily  affect  the  vitreous. 

Suppurative  Hyalitis  (Purulent  Inflammation  of  the  Vitreous)  is  part 
of  the  condition  known  as  panophthalmitis.  It  is  caused  by  trauma,  par- 
ticularly in  connection  with  penetrating  wounds  with  the  lodgment  of 
a foreign  body;  and  occurs  idiopathically  in  connection  with  metastatic 
chorioiditis  following  puerperal  fever,  exanthematous  diseases,  influenza,  and 
low  fevers.  Recently  it  has  been  shown  that  idiopathic  inflammation  of 
the  vitreous  humor  may  occur  without  demonstrable  changes  in  any  other 
part  of  the  eye.  Suppurative  hyalitis  may  also  be  caused  by  microbic 
invasion  through  old*operative  wounds,  the  inflammation  appearing  from  a 
few  months  to  several  years  after  healing. 


Fig.  316. — Canal  of  Cloquet,  with  eyc*  u the  vitreous  humor. 

(Roller.) 

(“Transactions  of  the  American  < pb  .halmological  Society,”  1901.) 

Symptoms. — The  patient  usmlh  gives  the  history  of  an  antecedent 
iritis  or  iridocyclitis,  and  adhesions  between  the  iris  and  lens-capsule  can 
generally  be  demonstrated.  If  the  cornea  and  lens  are  clear,  pus  can  be 
seen  in  the  vitreous  as  a eircumscribed,  yellowish,  opaque  mass,  which 
ophthalmoscopically  may  simulate  neuroepithelioma  of  the  retina.  To  this 
condition  the  name  pseudo-glioma  is  usually  applied.  In  making  a diag- 
nosis it  will  be  necessary  to  consider  the  history  of  the  case,  the  age  of  the 
patient,  and  +h^  appearance  of  the  mass  (see  the  diagnosis  of  neuro- 
epithelioma of  the  retina  in  Chapter  XV).  Tension  in  suppurative  hya- 
litis is  usual!)  diminished,  but  may  be  increased.  Generally  the  diagnosis 
will  not  be  difficult.  Acute  suppurative  hyalitis  producing  a yellowish 
masb  hshind  the  lens,  increased  tension,  and  inflammatory  symptoms  may 
be  mistaken  for  a neoplasm.  The  rapid  course  of  the  disease  and  the 
history  of  the  case  will  usually  serve  to  clear  the  diagnosis.  When  scleral 
perforation  occurs  with  a discharge  of  pus,  there  will  no  longer  be  doubt 
as  to  the  existence  of  suppurative  hyalitis. 
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Prognosis  and  Treatment— The  prognosis  in  suppurative  hyalitis 
is  serious.  The  affected  eye  will  be  lost  and  may  be  a cause  of  sympa- 
thetic ophthalmitis.  Shrinking  of  the  globe  occurs.  Old,  tender,  cy cl i t ic 
eyes  should  be  removed.  During  the  course  of  an  exhausting  disease  the 
surgeon  may  notice  vitreous  opacities  appearing  as  fine  flakes.  In  such  a 
case  it  is  possible  that  vigorous  supportive  treatment  may  check  the  process 
and  save  the  eye.  The  possibility  of  the  occurrence  of  a vitreous  compli- 
cation in  low  fevers  should  not  be  forgotten  by  the  physician.  The  treat- 
ment of  suppurative  hyalitis  in  the  present  state  of  our  knowledge  is 
purely  symptomatic.  Berry  and  others  have  advocated  the  intra-ocular 
injection  of  chlorin-water  on  experimental  grounds,  but  such  treatment 
is  not  to  be  sanctioned.  The  intra-ocular  use  of  iodoform  may  be  of  value. 

Opacities  of  the  Vitreous  Humor. — These  are  classified  as  fixed  and 
floating,  and  may  be  acute  or  chronic.  They  may  appear  as  fine,  dust- 
like particles  (particularly  in  syphilitic  retinitis  and  chorioiditis)  or 
may  be  threads,  bands,  dots,  membranes,  or  projections.  They  vary  much  in 
size,  shape,  and  color.  The  fixed  opacities  are  generally  fastened  at  two 
or  more  points. 

Etiology.— Opacities  of  the  vitreous  result  from  many  different  con- 
ditions, among  which  are  the  following : Errors  of  refraction,  particularly 
myopia  of  high  degree;  inflammation  of  the  retina  and  uveal  tract; 
traumatisms  producing  hemorrhages  from  the  ciliary  region  or  chorioid; 
depraved  conditions  of  the  general  system  from  low  fevers  or  other  exhaust- 
ing diseases,  anemia,  loss  of  sleep,  gout,  syphilis,  menstrual  disorders, 
constipation,  portal  congestion,  malaria,  the  long-continued  use  o arson,  c, 
etc.  Large  fixed  opacities  may  result  from  trauma  and  may  simulate 
neoplasms.  In  many  instances  opacities  of  the  vitreous  art  present  in 
persons  in  whom  other  affections  are  not  demonstrable;  this  is  particu- 
larly true  of  elderly  persons.  Under  the  name  asteroid  hyalitis  Benson 
has  described  a condition  in  which  small,  light-colored  oheres  are  found 
in  the  vitreous.  It-4s  probably  a congenital  condition. 

Symptoms. — The  subjective  symptoms  of  ntreous  opacities  depend 
on  the  number  and  size  of  the  opaque  spots.  The  patient  sees  them  as 
black  specks  floating  in  the  visual  field  (ir.uscae  volitantes).  They  are 
particularly  annoying  when  the  patient,  is  looking  at  a bright  surface. 
Visual  acuity  may  or  may  not  be  reduced.  Reduction  of  vision,  pain,  and 
asthenopic  symptoms  will  cause  the  surgeon  to  seek  errors  of  refraction, 
associated  ocular  changes,  o”  L.eases  of  the  general  system. 

Vitreous  opacities,  can  be  seen  by  using  a concave  retinoscopy  mirror 
of  twenty-five  centimetres’  focus.  Whether  the  spots  are  fixed  or  floating 
can  be  determined  by  having  the  patient  move  his  eye  while  under  examina- 
tion. After  movement  the  eye  is  to  be  held  perfectly  quiet.  Fixed  opaci- 
ties will  remain  it.  situ , while  floating  ones  will  be  seen  to  move,  and  their 
rate  of  movement  gives  an  indication  of  the  consistency  of  the  vitreous. 
In  a vitreoi  s uody  of  normal  consistency  the  spots  move  slowly;  in  a fluid 
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vitreous  the  movement  is  rapid.  Vitreous  opacities,  if  floating,  move  in  a 
direction  opposite  to  the  movement  of  the  e)’e,  while  opacities  in  the  lens 
and  cornea  move  in  the  same  direction  as  the  ocular  movement.  This  is 
because  the  latter  opacities  are  fixed.  By  using  a + 14  or  16  D.  lens,  by 
direct  ophthalmoscopy,  fixed  vitreous  opacities  can  be  examined  satis- 
factorily. If  the  opacities  are  minute,  a plane  mirror  armed  with  a strong 
convex  lens  should  be  used,  and  the  pupil  should  be  dilated. 

Prognosis  and  Treatment. — The  prognosis  in  vitreous  opacities  depends  on 
the  cause  and  on  the  size  and  the  age  of  the  opacities.  Recent  opacities  may  clear 
entirely;  old  ones  will  likely  remain  in  spite  of  treatment.  When  resulting  from 
syphilis  the  opacities  readily  clear  up  under  proper  treatment.  If  caused  by  hemor- 
rhage, the  clot,  if  small,  will  be  absorbed;  large  clots  always  leave  opacities.  In 
opacities  caused  by  purulent  chorioiditis  the  prognosis  is  grave,  the  eye  ending  in 
phthisis  bulbi.  Muscae  volitantes  show  no  opacities  to  the  ophthalmoscope,  and  are 
probably  caused  by  shadows  of  the  remains  of  embryonic  tissue  thrown  on  to  the 
retina.  They  are  exceedingly  annoying,  and  often  remain  in  spite  of  the  correction 
of  refraction  errors  and  attention  to  the  general  health.  They  are  not  significant  of 
serious  lesions. 

The  treatment  of  opacities  of  the  vitreous  includes  the  removal  of  the  oi  use, 
the  regulation  of  the  habits  of  the  individual,  and  the  exhibition  of  remedies  for  the 
purpose  of  producing  absorption.  Iodid  of  potassium,  the  various  prep;  rations  of 
mercury,  pilocarpin,  and  saline  laxatives  are  all  valuable  measures.  TL-'  use  of  the 
galvanic  current,  paracentesis  of  the  anterior  chamber,  and  the  sub'  onjunctival  injec- 
tion of  a 5-per-cent,  strength  salt  solution  are  among  the  measure'  vhich  have  been 
advocated.  The  intra-ocular  injection  of  various  mercurial  salts,  iodid  of  potassium, 
and  carbolic  acid  has  been  proposed.  This  method  of  treatr  em  snould  be  condemned, 
as  it  is  dangerous  to  the  eye. 

Hemorrhage  into  the  Vitreous  Humor.-  -This  may  occur  spontane- 
ously from  rupture  of  a diseased  vessel  or  as  the  direct  result  of  trauma. 
Idiopathic  hemorrhage  occurs  chiefly  in  chorioiditis,  retinitis,  high  myopia, 
and  in  elderly  persons  with  atheromatous  arteries.  It  is  likely  to  come  on 
after  severe  physical  strain  or  aftev  excessive  use  of  stimulants.  Among 
the  general  disorders  which  arc  l^n-Jed  as  causes  are  anemia,  leukemia,  em- 
physema, and  syphilis.  Hemorrhage  into  the  vitreous  humor  may  be  the 
first  sign  of  tuberculosis  of  the  ciliary  body.  A form  of  spontaneous  hemor- 
rhage, coming  on  repeatedly  at  intervals,  is  sometimes  seen  in  young  persons, 
particularly  in  men  who  are-  gouty  or  are  the  subjects  of  vascular  dis- 
turbances, or  are  habitually  constipated. 

Symptoms.  - Hemorrhage  into  the  vitreous  causes  loss  of  vision,  which 
may  be  only  slightly  reduced  or  completely  abolished.  Generally  in  such  a 
case  there  will  remain  ability  to  count  fingers  or  the  retention  of  perception 
■of  light  at  the  time  of  the  hemorrhage.  At  a later  period  the  case  may 
show  much  improvement  in  vision  or  total  loss  of  it.  In  some  cases  the 
patent  can  read  print  in  a hesitating  manner,  certain  parts  of  the  field  being 
obscured  immediately  after  the  hemorrhage.  Patients  often  complain  that 
objects  appear  red  (erythropsia). 
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To  the  ophthalmoscopist  the  hemorrhage  appears  as  a dark-brownis 
or  black  mass  with  red  borders.  In  some  cases  there  is  so  much  blood  m 
the  vitreous  that  no  fundus-reflex  is  obtainable.  In  these  patients  oblique 
focal  illumination  is  to  be  employed.  If  a thin  layer  of  blood  is  presen 
the  fundus  seems  covered  with  a bright-red  veil.  After  absorption  has 
progressed  numerous  opacities  are  found  in  the  vitreous.  In  some  cases 
these  eyes  end  in  glaucoma,  detachment  of  the  retina,  retinitis  proliferans, 

and  iritis.  . . , 

Prognosis  in  these  cases  is  always  serious.  The  younger  the  subject 

and  the  smaller  the  hemorrhages,  the  more  favorable  will  be  the  prospect 
for  rapid  absorption.  Repeated  hemorrhages  in  young  persons  sometimes 
end  in  nearly  complete  restoration  of  vision.  In  traumatic  hemornages 
the  prognosis  will  depend,  not  only  on  the  amount  of  blood  effused,  but  also 
on  other  concomitant  lesions. 

Treatment.— In  robust  persons  the  eyes  should  be  bandaged.  1 he  pa- 
tient should  be  placed  in  bed,  and  a vigorous  course  of  purgatives  with  sub- 
cutaneous injections  of  pilocarpin  instituted.  The  internal  administration 
of  iodid  of  potassium  is  of  value.  The  use  of  eserin  and  repeated  tapping  ot 
the  anterior  chamber  have  been  recommended.  In  anemic  individuals  these 
severe  measures  must  be  used  with  caution.  After  recovery  attention  should 
be  given  to  the  relief  of  any  local  or  general  departure  from  the  normal 
condition.  Stimulants,  excessive  exertion,  and  late  hours  should  be  avoided. 
In  hemorrhages  occurring  in  young  women  about  the  time  of  pubeUv, 
attention  should  be  paid  to  the  uterine  functions. 

Fluidity  of  the  Vitreous  (Synchysis  Corporis  Vitrei)  occu  s a,  the 
result  of  chorioiditis  or  retinitis,  and  is  found  in  high  myopia  oy  reason  of 
the  fact  that  in  these  conditions  the  nutrition  of  the  vitreous  is  disturbed. 
Under  these  circumstances  the  vitreous  body  becomes  a thin  fluid  of  a straw 
color.  In  cataract  extractions  it  is  sometimes  observed  it  at  considerable 
watery  fluid,  in  excess  of  the  amount  of  aqueous,  flows  cut  of  the  wound.  In 
such  patients  the  anterior  part  of  the  vitreous  1 ss  become  thin.  \\  ith 
diminished  consistency  there  may  be  shrinkage  of  the  vitreous.  The  an- 
terior chamber  may  be  increased  in  depth  from  a backward  movement  of  the 
lens,  and  detachment  of  the  retina  may  lx  nr esent.  According  to  Griffith, 
in  cases  of  fluidity  of  the  vitreous  the  ocular  tension  is  more  often  increased 
than  diminished.  Tremulousness  of  ehe  iris  is  often  present  in  this  disease. 
The  condition  does  not  admit  of  successful  treatment. 

Synchysis  Scintillans  (Pp.nMing  Synchysis;  Synchysis  Etincelant)  is 
the  term  applied  to  a sti  iking  and  beautiful  appearance  due  to  the  pres- 
ence of  crystals  in  the  viereous.  These  usually  consist  of  cholesterin, 
although  margarin  tyrosm,  and  phosphates  are  sometimes  found.  Ophthal- 
moscopically  the  appearance  is  usually  that  of  innumerable  small,  moving, 
shining  particles  which  have  been  likened  to  a shower  of  gold,  although 
cases  have  be  >n  observed  in  which  the  particles  appeared  as  white,  glistening, 
round  discs,  or  small,  cream-colored  bodies.  Sparkling  synchysis  is  a senile 
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condition,  having  been  observed  only  in  persons  over  fifty  years  of  age.  As 
a rule,  vision  is  normal.  The  affection  may  be  unilateral  or  bilateral,  and 
is  irremediable. 

Animal  Parasites  in  the  Vitreous  Humor. — Three  kinds  of  animal  para- 
sites have  been  found  in  the  vitreous  body.  They  are  the  cysticereus  cellu- 
losas,  which  is  not  rare  in  North  Germany,  where  raw  meat  is  often  an 
article  of  diet,  but  is  extremely  uncommon  in  France,  Austria,  England, 
and  America;  the  filaria  sanguinis  hominis,  which  has  been  observed  a few 
times;  and  the  hydatid  cyst,  which  is  of  rare  occurrence. 

Cysticercus,  which  is  the  scolex  of  ta?nia  solium,  gets  into  the  eye  in 
this  way : joints  of  a tenia  lodge  in  the  stomach,  are  digested,  and  the  eggs 
are  set  free;  or  the  eggs  get  into  the  stomach  by  contaminated  water  or 
food.  Embryos  develop  from  the  eggs,  penetrate  the  walls  of  the  stomach 
by  their  hooklets,  and  enter  the  vessels,  by  which  they  are  transported  to 
distant  parts.  When  leaving  the  vessels  they  bore  into  the  tissues  and  grow 
into  cysticerci.  In  the  eye  the  cysticercus  generally  develops  under  the 
retina,  which  it  lifts  up  and  perforates,  thus  getting  into  the  vitreous. 
It  may  enter  the  vitreous  directly  through  the  vessels  of  the  ciliary  body 
(A.  Kraemer).  If  of  subretinal  origin,  its  development  can  be  watched 
with  the  ophthalmoscope.  In  the  vitreous  body  it  looks  like  a small  blad- 
der, usually  from  three  to  six  times  the  size  of  the  optic  disc,  and  is  of  a 
bluish-white  color.  So  long  as  it  is  alive  it  often  mov^c  actively.  Fre- 
quently, however,  the  cysticercus  is  seen  indistinctly  by  reason  of  opaque 
membranes,  which  obscure  it,  and  under  such  circumstances  diagnosis  may 
be  difficult  or  impossible.  Cysticercus  occurs  i;  i on. ; eye  only,  but  two  or 
more  may  inhabit  the  affected  organ.  In  many  instances  the  patient  com- 
plains only  of  loss  of  vision,  or  the  eye  is  transiently  reddened,  and  there 
may  be  photophobia.  After  remaining  in  this  state  for  a varying  period, 
inflammation  of  the  anterior  ocular  segment  will  cause  the  patient  to 
consult  the  surgeon. 

Diagnosis. — If  the  vitreous  i*  e’eur,  the  diagnosis  of  cysticercus  pre- 
sents no  great  difficulty;  if  purulent  hyalitis  is  present,  the  diagnosis 
will  be  impossible.  In  -mak-ii  g a differential  diagnosis  it  will  be  necessary 
to  take  into  consideration  several  conditions,  among  which  are:  manifest 
canal  of  Cloquet,  persistent  hyaloid  artery,  detachment  of  the  retina,  and 
in  children  neuroeniihehoma  of  the  retina. 

Prognosis  and  Treatment. — Unless  the  process  is  checked  by  removal 
of  the  parasite,  cysticercus  sooner  or  later  leads  to  complete  destruction 
of  the  globe  The  treatment  is  operative;  but  unfortunately  the  difficulties 
are  such  thet  removal  of  the  parasite  with  retention  of  useful  vision  is  pos- 
sible ir  mly  few  cases,  while  many  of  the  attempts  have  ended  in  enuclea- 
tion 01  60  cases  tabulated  by  Wagner,  the  eyeball  was  saved  in  44,  and, 
of  these,  21  gave  a good  cosmetic  result.  In  4 cases  vision  equal  to  the 
counting  of  fingers  was  retained,  and  in  19  cases  vision  was  improved  by 
the  operation.  The  method  of  procedure  will  readily  suggest  itself  to  the 
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ophthalmic  surgeon.  This  will  include  section  of  the  cornea,  extraction 
of  the  lens,  and  seizure  of  the  cysticercus  with  forceps;  or  the  sclera  can 
be  opened  at  the  infero-temporal  oblique  meridian,  the  vitreous  humor 
freely  incised,  and  the  parasite  delivered  by  forceps. 

Formation  of  New  Vessels  in  the  Vitreous.— A rare  condition  is  the 
development  of  new  blood-vessels  in  the  vitreous.  They  are  derived  from 
the  retinal  system,  generally  coming  from  the  optic  disc,  but  have  been  seen 
springing  from  the  periphery  of  the  retina.  After  running  forward  as 
fine,  convoluted  branches  they  form  loops  and  return.  Most  of  the  cases 
on  record  occurred  in  syphilitic  subjects,  and  in  several  of  them  there  weie 


Fig.  317. — Extensive  vascular  growth  in  the  vit'eois  humor.  (Harlan.) 

(«•  Tiansactions  of  the  American  Ophthaln  ologict  Society,"  1889.) 


hemorrhages  into  the  vitreous.  The  onh  case  of  new  vessel-formation  in  the 
vitreous  which  the  author  has  seen  occurred  in  a man  who  attempted  suicide, 
but  succeeded  only  in  passing  the  bullet  through  both  orbits.  The  optic 
nerve  on  one  side  was  severed  close  to  the  globe.  In  this  eye  an  intense 
papillitis  and  abundant  vitreous  hemorrhage  was  followed  by  the  formation 
of  a large  opaque  mass  in  'he  posterior  pole  and  the  subsequent  development 
of  new  vessels.  In  some  of  the  reported  cases,  under  antisyphilitic  remedies, 
the  exudation  has  cleared  and  many  of  the  vessels  have  disappeared.  In  a 
case  recorded  by  Hiischberg  a bluish  mass  of  connective  tissue  was  situated 
on  the  disc,  hidlrg  the  exit  of  the  vessels,  while  a' vascular  web,  likened 
to  the  frame* ork  of  a fly’s  wing,  extended  upward  and  inward.  The  treat- 
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ment  of  this  rare  condition  consists  in  the  internal  administration  of  mer- 
curials and  iodids. 

Pseudo-neuroepithelioma  (Pseudo-glioma),  a localized  collection  of 
pus  in  the  vitreous  which  simulates  a retinal  tumor,  will  be  considered  in  the 
following  chapter. 

Foreign  Bodies  in  the  Vitreous. — The  vitreous  frequently  is  the  seat 
of  foreign  bodies,  which  pass  through  the  cornea  and  lens  or  through  the 
sclera.  They  are  often  small  metallic  substances,  pieces  of  iron  or  steel, 
guncaps,  pieces  of  glass,  stone,  shot,  etc.  They  often  cause  suppurative 
hyalitis  even  if  removed  early ; if  permitted  to  remain  they  may  produce 
sympathetic  ophthalmitis.  In  some  few  cases  the  foreign  body  can  be  seen 
with  the  ophthalmoscope;  often,  however,  it  is  invisible  by  reason  of  hemor- 
rhage into  the  vitreous,  and  its  location  can  then  be  determined  by  the  use 
of  the  Bontgen  rays.  For  the  diagnosis  and  treatment  of  foreign  bodies 
in  the  vitreous  the  reader  should  consult  the  chapter  on  the  “Sclera”  (page 
370). 

Detachment  of  the  Vitreous,  with  Sequent  detachment  of  the  retina, 
is  mentioned  as  the  result  of  trauma,  intra-ocular  tumors,  old  inflammatory 
processes  in  the  vitreous,  chorioiditis,  hemorrhages,  cyclitis,  an;'  posterior 
staphyloma.  The  condition  is  not  diagnosticable  until  aftei  enucleation. 
Some  writers  on  ophthalmology  profess  to  have  foretold  +oe  condition  in 
highly  myopic  eyes  by  reason  of  sudden  diminution  of  vision  concentric  con- 
traction of  the  field,  with  the  presence  of  a sharps  defined,  crescentic, 
grayish  zone  around  the  papilla,  within  which  tie  retinal  vessels  appear 
bent.  That  detachment  of  the  vitreous  hum*  r is  a frequent  condition  is 
shown  by  the  statistics  of  Jennings  Milles,  v ho  found  it  in  43  of  345  excised 
eyes. 

Retinitis  Proliferans,  which  is  considered  in  the  following  chapter, 
produces  bluish-white  masses  adherent  to  the  inner  surface  of  the  retina, 
where  they  often  conceal  the  optic  drc.  From  them  numerous  interlacing 
strands,  branching  in  an  indiscriminate  manner,  pass  into  the  vitreous. 


CHAPTER  XV. 

DISEASES  OF  THE  RETINA. 


The  retina,  the  intra-ocular  expansion  of  the  optic  nerve,  is  liable 
to  congenital  anomalies,  tumors,  parasites,  functional  diseases,  changes  due 
to  circulatory  disturbances,  inflammations,  detachments,  and  injuries. 

CONGENITAL  ANOMALIES. 

These  include  coloboma,  opaque  nerve-fibres,  some  punctate  conditions 
of  the  fundus,  variations  in  pigmentation,  and  peculiarities  of  the  blood- 
vessels. Coloboma  of  the  retina  has  been  considered  in  Chapter  XII  with 
coloboma  of  the  chorioid  (page  411).  A congenital  anomaly  which  the 
inexperienced  observer  may  mistake  for  neuroretinitis  is  the  presence  of 
opaque  nerve-fibres  in  the  retina.  This  condition  is  due  to  the  fact  that  the 
medullary  sheath  of  the  axis-cylinders  is  continued  into  the  retina  and  ap- 
pears as  bright,  white,  striated  patches  found  usually  above  or  below  the 
optic  papilla  and  presenting  a frayed  or  flame-like  extremity  (Fig.  A 
Plate  IV).  Exceptionally  they  are  not  contiguous  to  the  disc,  in  whici 
event  they  may  be  mistaken  for  fatty  deposits.  Sometimes  the  retinal  ves- 
sels are  partly  covered  by  the  opaque  fibres.  The  existence  of  op  <que  .*erve- 
fibres  does  not  often  influence  visual  acuity. 

Punctate  Conditions  of  the  Fundus,  some  of  which  are  congenital  and 
others  acquired,  will  all  be  considered  later  on  in  this  chapter.  1 ai iations 
in  retinal  pigmentation  are  numerous.  Isolated  dots  1 rcj  not  uncommon , 
groups  of  pigment-dots  of  a brown  or  black  color  the  dots  oeing  angular  or 
rounded  in  shape,  and  occupying  an  area  bet',,Qtn  some  of  the  primary 
divisions  of  the  vessels,  are  less  frequently  seen.  They  are  distinguishable 
from  pathologic  dots  by  the  fact  that  the  remaining  portion  of  the  fundus 
is  normal  and  each  dot  is  isolated  and  'dearly  defined.  Vision  in  such 
cases  is  normal.  Larger  pigment-e^ecs  of  oval  outline  have  been  occa- 
sionally observed  and  have  been  likened  to  moles  on  the  skin.  Retinitis 
pigmentosa  and  neuroepithelioma  (glioma)  of  the  retina,  which  are  occa- 
sionally present  at  birth,  do  not  differ  from  the  same  conditions  found  later 
in  life.  Insufficient  pigment  is  the  condition  noted  in  blondes  and  albinos. 
In  the  former  the  chorioid al  vessels  become  prominent,  while  in  the  latter 
the  observer  finds  a network  of  red  vessels  spread  over  a yellowish  or  whitish 
field.  Variations  in  the  macular  region  have  been  described  in  Chapter  II 
(Plate  V).  Variations  in  the  blood-vessels  have  also  been  mentioned  in 
Chapter  II  (page  59).  Extreme  tortuosity  is  sometimes  associated  with 
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undue  prominence  of  the  optic  discs,  and  may  simulate  papillitis.  The 
vision  in  such  patients  is  either  normal  without,  or  becomes  normal  with, 
the  proper  glasses.  These  patients  are  generally  hypermetropic.  The  con- 
dition is  discussed  in  the  succeeding  chapter  under  the  term  “Spurious  Optic 
Neuritis.” 


TUMORS  OF  THE  RETINA. 

The  tumors  of  the  retina  are  cyst  and  neuroepithelioma  (glioma). 
Retinal  cysts , which  are  only  ’ rarely  discovered  before  enucleation,  are 
found  in  the  detached  retinas  of  degenerated  eyes,  and  are  due  to  circu- 
latory disturbances.  Liquid  transuded  from  the  retinal  vessels  forms  cysts, 
which  may  spread  for  some  distance  in  the  membrane.  They  are  of  interest 
chiefly  to  the  pathologist.  It  is  only  when  the  cysts  are  located  far  for- 
ward, and  the  lens  remains  clear,  that  they  can  be  seen.  They  may  be  mis- 
taken for  tumors  of  the  ciliary  body,  but  the  lowered  tension  and  the  history 
of  the  case  will  invalidate  such  a diagnosis. 

Neuroepithelioma  (Glioma)  of  the  Retina. — This  disease,  formerly 
called  glioma  of  the  retina,  fungus  hsematodes  oculi,  or  sarcoma  the 
retina,  in  the  light  of  modern  pathology  is  regarded  as  epithelial  m origin. 
The  name  neuroepithelioma  was  first  applied  to  a retinal  tumoi  by  Llexner. 
Wintersteiner,  after  exhaustive  microscopic  study  of  the0'  tumors,  con- 
cluded that  they  arise  from  the  neuroepithelial  layer  of  Lhe  retina,  and 
should  be  named  neuroepitheliomata.  According  to  ^cation  and  the 
direction  of  growth,  the  following  varieties  are  distinguished.  They  exist 
only  in  the  early  stages : — 

1.  Several  nodes  the  size  of  a pinhead  ap^dar  in  the  retina;  they 
grow  only  slightly  toward  the  vitreous,  but  ~p~ead  in  the  subretinal  space. 
By  confluence  they  form  a tuberose  depoJt  on  the  outer  surface  of  the 
detached  retina:  neuroepithelioma  exiphytum  or  tuberosum. 

2.  The  detached  retina  is  thick mt  1 in  its  entire  extent  or  in  spots;  the 
deposits  remain  comparatively  hm  Uxid  level;  later  by  proliferation  the 
surface  becomes  uneven  and  protuberant:  neuroepithelioma  diffusum  or 
planum. 

3.  The  new  growtl.  increases  only  in  the  direction  of  the  vitreous;  the 
retina  remains  attached  to  the  chorioid;  the  mass  spreads  upon  the  inner 
surface  of  the  retina,  to  which  it  is  united  not  closely,  but  by  processes ; the 
vitreous  surfao  (f  the  growth  is  finely  lobulated,  cauliflower-like,  or 
nodular:  neuroepithelioma  endophyium. 

Pathology. — Unlike  intra-ocular  sarcoma,  neuroepithelioma  is  never 
pigmented,  The  tumor  grows  from  the  two  granular  layers  of  the  retina, 
but  ^h.'efly  from  the  inner  one.  The  mass  is  composed  of  small  cells  in  a 
sett  barement-substance.  The  cells  consist  of  nuclei  surrounded  by  proto- 
nlasm  in  which  minute  processes  are  often  found.  Some  are  glia-cells, 
others  are  ganglion-cells.  The  cells  are  especially  numerous  along  the 
larger  vessels,  and  this  arrangement  gives  rise  to  the  tubular  appearance 
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seen  in  the  accompanying  illustration  (Fig.  319).  Many  specimens  pre- 
sent long  cylindric  cells  from  the  neuroepithelium  of  the  retina.  These 
form  groups  inclosing  a free  cavity,  into  which  the  extremities  of  the  cells 
project.  The  retina  becomes  irregularly  thickened,  folded,  and  detached. 


Fig.  318.— Rosette  of  neuroepithelial  cells  with  short  protoplasmic  processes. 

(WlNTERSTEINER.) 

A hyalin  concretion  is  shown  in  the  illustration. 

Small  free  nodules  involve  both  the  chorioid  and  the  vitreous  humor. 
Degeneration  of  the  intercellular  substance  occurs  very  early. 

Etiology. — The  cause  of  neuroepithelioma  of  the  retina  is  unknown. 
It  is  a disease  of  childhood,  no  true  case  having  been  found  after  the  six- 
teenth year.  Cases  heretofore  reported  of  greater  age  have  been  found 


Fig.  319. — Tubulose  structure  v'f  neuroepithelioma  of  the  retina. 

(WiNTERSTEINER.) 

The  blood-vessels  are  surroun^eu  b>  layers  of  cells  ; the  intercellular  substance  is  necrotic, 
and  several  ca.  'ai.  ous  concretions  (stained  black)  appear. 

to  be  either  sarcomas  of  the  chorioid  or  pseudo-neuroepitheliomata.  Of 
467  true  eases,  314  oocvrrcd  during  the  first  three  years,  62  in  the  fourth, 
and  29  in  the  fifin  year.  The  disease  surely  is  congenital  in  10  per  cent, 
of  the  cases,  a ir  possibly  in  the  majority.  Sex  is  without  influence  in  this 
disease.  In  25  per  cent,  of  the  cases  both  eyes  are  affected.  The  second 
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eye  becomes  involved  independently,  there  being  no  extension  of  the  dis- 
ease via  the  chiasma.  The  disease  often  appears  in  several  children  of  the 
same  family.  Lerche  saw  four  cases  among  seven  brothers  and  sisters  and 
Wilson  met  with  a family  of  eight,  all  of  whom  had  neuroepithelioma  of 
the  retina. 

Symptoms. — Usually  the  first  symptom  is  a peculiar  reflex  from  the 
interior  of  the  eye,  which,  from  its  resemblance  to  a cat’s  eye  shining  in 
the  dark,  was  named  by  Beer  and  the  older  authors  “amaurotic  cat’s  eye.” 
The  parents  may  note  that  the  child  does  not  see  with  the  affected  eye. 
In  this,  the  first  stage,  there  is  no  pain'  or  redness,  the  media  are  clear, 
the  pupil  is  somewhat  dilated,  and  the  child’s  health  is  unaffected. 
Ophthalmoscopic  examination  shows  a whitish,  yellowish,  or  reddish-yellow 
mass  in  the  fundus.  The  growth  is  covered  with  a plexiform  network  of 
vessels  and  has  a smooth  or  nodulated  surface.  In  this  stage  the  growth 
increases  slowly,  and  months  may  pass  before  the  mass  fills  the  globe,  thus 
completing  the  second  stage. 


Fig.  320. — Neuroepithelioma  of  the  1 ( Wintersteiner.) 

Three  separate  tumors  are  present,  the  small  l sing  at  the  posterior  pole  of  the  lens. 


In  the  third  stage  there  is  increased  tension.  The  child  becomes  fret- 
ful, emaciated,  and  cachectic.  The  neoplasm  enmeshes  all  the  tissues  of 
the  globe,  and  finally  breaks  cut  at  the  corneoscleral  junction  in  front  or 
at  the  optic-nerve  entrance  tehind.  Once  out  of  the  globe  it  grows  rapidly, 
forming  a large,  ulcerated  mass,  which  bleeds  at  the  slightest  touch.  This 
condition  was  narm'd  by  the  older  authors  “fungus  hsematodes  oculi.” 
Now  other  organs  are  involved  by  contiguity  or  by  metastasis.  The  optic 
nerve  furnishes  a road  by  which  the  growth  rapidly  travels  brainward. 
Metastasis  may  take  place  in  the  brain,  cranial  bones,  lymphatic  glands, 
parotid  g^'a,  spinal  cord,  liver,  lungs,  ovaries,  kidneys,  submaxillary  gland, 
or  spleen.  The  patient  dies  of  exhaustion. 

Dl  gnosis. — If  the  ophthalmoscope  shows  a whitish  tumor,  with 
retinal  vessels  coursing  over  it,  and  the  tension  is  increased,  the  case  prob- 
ably is  one  of  neuroepithelioma.  An  error  in  diagnosis  is  possible  in  two 
directions:  a tumor  may  be  present  and  be  overlooked,  or  a diagnosis  of 
neuroepithelioma  may  be  made,  the  eyeball  may  be  removed,  and  the  micro- 
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scopic  examination  show  incorrectness  of  the  diagnosis.  Hirschberg’s  dic- 
tum that  a diagnosis  between  true  and  false  retinal  tumors  is  always  possible 
has  been  found  erroneous.  * The  most  careful  diagnosticians  have  often  been 
in  error.  Of  twenty-four  eyes  removed  at  Moorfield’s  Hospital  between 
1888  and  1893  for  “glioma,”  seven  were  “pseudo”  growths.  Retinal  detach- 
ment and  suppurative  processes  in  the  vitreous  humor  cause  frequent  mis- 
takes. Always  the  history  of  the  case  is  important.  The  parents  should  be 
questioned  as  to  trauma,  meningitis,  typhoid  fever,  grippe,  and  other  infec- 
tious diseases,  since  these  are  followed  by  diseases  of  the  vitreous  humor.  If 
the  tension  is  greatly  increased,  the  case  is  probably  one  of  neuroepithelioma  j 
if  the  tension  is  decidedly  reduced,  it  is  not  neuroepithelioma.  Between 
these  extremes  are  cases  in  which  tension  is  normal  or  changes  from  time 
to  time.  The  presence  or  absence  of  blood-vessels  on  the  growth  is  impor- 


Fig.  321.— Neuroepithelioma  of  the  retin*.  ( A UTfiOK. ) 

taut ; if  present,  the  case  is  probably  neuroenit  aelioma;  if  absent,  the  tumor 
is  usually  due  to  an  exudative  chorioiditi  >.  Tiniortunately,  however,  there 
are  neuroepitheliomata  which  are  not  vascular  ; and,  on  the  other  hand,  exu- 
dation into  the  vitreous  humor  somoi  mes  becomes  vascularized.  The 
“amaurotic  eye”  reflex  is  valueless  in  differential  diagnosis.  The  conditions 
often  mistaken  for  neuroepithelioma,  according  to  Wintersteiner  are: — 

1.  Simple  Detachment  of  the  Retina—  This  is  comparatively  rare  in 
childhood.  Although  a tumor  shows  a more  yellowish  or  reddish  color  than 
a detachment,  which  is  of  a bluish  tint  as  a rule,  yet  it  must  be  remembered 
that,  with  a small  t am  or  and  a large  detachment  of  the  retina,  the  folds 
of  the  latter  can  completely  conceal  a neoplasm;  and  although  the  newly 
formed  vessels  of  a tumor  generally  present  a course  and  ramifications 
different  frrn.  those  of  the  retinal  vessels,  yet,  on  the  other  hand,  there  are 
cases  which  show  almost  no  vessels.  Although,  as  a rule,  a retina  which 
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is  lifted  up  by  serous  effusion  vibrates  and  floats  when  the  eye  is  moved, 
while  a retina  detached  by  a tumor  remains  at  rest,  yet  exceptions  occur. 
The  statement  that  in  simple  retinal  detachment  the  tension  is  reduced  and 
in  intra-ocular  tumor  it  is  increased  must  be  accepted  with  allowances,  for 
in  the  first  stage  of  neuroepithelioma  tension  is  normal,  and,  on  the  other 
hand,  in  serous  detachment  it  is  often  increased. 

2.  Leucosarcoma  of  the  Chorioid. — This  is  a comparatively  rare  dis- 
ease in  childhood.  Of  259  sarcomas  of  the  uveal  tract,  Fuchs  found  6 
leucosarcomas  in  children  under  twelve  years  of  age.  In  these  cases  the 
symptoms  of  intra-ocular  tumor  are  added  to  those  of  retinal  detachment. 
The  diagnosis  is  particularly  difficult  if  the  media  are  opaque  or  if  the 
chorioidal  tumor  perforates  the  globe  posteriorly  without  causing  retinal 
detachment. 

3.  Tubercles  in  the  Chorioid. — Here  the  history  of  the  case  is  impor- 
tant. Miliary  tubercles  of  the  chorioid  are  usually  found  near  the  optic- 
nerve  entrance  in  the  macular  region.  They  appear  as  whitish-yellow 
masses  or  nodules  in  the  stroma  of  the  chorioid,  varying  in  size  from  one- 
eighth  the  diameter  of  the  optic  disc  to  the,  size  of  the  disc  its<it.  By 
confluence  they  sometimes  form  large  masses.  A rare  condition  is  solitary 
tubercle,  which  appears  as  a nodule  and  resembles  a beginning  neuro- 
epithelioma. Diagnosis  is  particularly  difficult  in  cases  w^ex?  ihe  vitreous 
chamber  is  filled  with  granulation  tissue,  and  in  conseqaence  of  secondary 
glaucoma  scleral  ectasia  appears.  The  diagnostic  difficulties  are  shown 
by  two  cases  reported  by  Jung:  In  the  first  neuroepithelioma  was  diagnos- 
ticated and  tuberculosis  was  found;  the  second  was  regarded  as  tubercular 
and  a tumor  was  found. 

1+.  Chronic  Inflammatory  Processes  in  the  Chorioid  and  Ciliary  Body. 
— These  are  the  conditions  most  often  causing  error.  They  show  retinal 
detachment  and  the  presence  of  a fib;  <r  jus  vitreous  exudate,  which  later 
becomes  organized.  The  chief  points  in  differential  diagnosis  are  these: 

(a)  In  exudative  chorioiditis  iV  color  of  the  vitreous  mass  is  a metallic, 
brass-like  yellow,  while  in  the  iciinal  neoplasm  whitish,  yellowish,  reddish, 
and  green  tints  are  seen , yei  c^en  here  the  metallic  lustre  may  be  observed. 

(b)  Many  observers  state  that  the  exudate  is  non-vascular,  while  a retinal 
tumor  possesses  vessels*  Others  equally  competent  report  cases  of  true 
neoplasm  in  which  vessels  were  never  visible  to  ophthalmoscopic  examina- 
tion; and,  on  the  rther  hand,  an  exudate  into  the  vitreous  often  undergoes 
organization  ( c)  The  surface  of  a tumor  is  knobbed ; that  of  an  exudate  is 
smooth  or  ragged.  A tumor  growing  into  the  vitreous* may  have  a smooth 
surface  if  it  presses  against  the  lens,  while  an  exudate  may  become  shrunken 
and  conglobate.  In  such  cases  it  may  be  impossible  to  make  a diagnosis 
microscopically  even  after  enucleation.  A tumor  with  a smooth  surface 
may  be  a neuroepithelioma  growing  chiefly  into  the.  retina,  (d)  Early 
in  neuroepithelioma  of  the  retina  the  tension  is  normal;  later  it  is  in- 
creased. In  vitreous  exudation  it  is  usually  diminished.  Yet  there  are 
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exceptions.  The  author  has  seen  one  case  of  pseudo-glioma  with  increased 
tension,  (e)  Posterior  synechias  and  other  evidences  of  iridal  inflammation 
are  not  reliable,  since  they  may  be  present  or  absent  in  each  condition. 

5.  Acute  Suppurative  Eyalitis  producing  a yellow  mass  behind  the 

lens,  inflammatory  symptoms,  and  increased  tension  can  be  mistaken  for 
a neoplasm.  The  rapid  course  of  the  disease,  the  presence  of  hypopyon, 
scleral  perforation,  and  the  discharge  of  pus  will  serve  to  clear  the  diag- 
nosis. . . ,. 

6.  Cysticercus  in  the  Vitreous  can  scarcely  be  a cause  of  mistaken  diag- 
nosis in  this  country,  since  it  is  an  extremely  rare  disease  in  America, 
although  common  in  Germany.  It  appears  as  a bluish-white  mass  in  the 
vitreous,  without  vessels,  with  normal  tension  and  blindness. 

7.  Congenital  Abnormalities. — In  some  instances  eyes  have  been 
enucleated  for  neoplasm  and  examination  showed  persistent  vascularity 
of  the  lens-capsule,  and  a hyaloid  artery  with  posterior  polar  cataract. 


Fig.  322. — Pseudo -neuroepithelioma  of  the  retina.  (AutF-^., 
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8.  Retinitis  Circinata,  when  occurring  ‘n  children,  may  be  mistaken 
for  neuroepithelioma  of  the  retina  (see  “Retinitis  Circinata  ). 

9.  Detachment  of  the  Retina  vi+L  Dropsical  Degeneration  of  the  Visual 
Cells  (rods  and  cones),  according  to  de  Schweinitz  and  Shumway,  may 
exactly  resemble  neuroepithelioma. 

Prognosis. — This  is  always  serious,  but  depends  upon  the  stage  of  the 
disease.  Without  treatment  neuroepithelioma  of  the  retina  always  causes 
death.  Early  operaf:om  are  followed  by  13  per  cent,  of  recoveries.  If  the 
growth  has  penetrated  tne  eyeball,  and  particularly  if  perforation  occurs 
posteriorly,  death  's  almost  sure;  but  operation  will  probably  prolong  life. 
Operation  fer  recurrence  is  useless.  It  is  said  that  if  the  disease  does  not 
return  within  four  years  the  patient  will  be  exempt. 
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Treatment. — The  treatment  of  neuroepithelioma  retina}  should  be 
early  and  heroic.  Any  suspicious  growth  within  the  eye  of  a child  calls 
for  immediate  enucleation  and  removal  of  the  orbital  part  of  the  optic 
nerve  as  far  back  as  possible.  The  eye  should  then  be  submitted  to  a 
competent  pathologist  for  microscopic  diagnosis.  If  found  to  be  true 
neuroepithelioma  retinae,  the  orbital  contents  should  be  removed.  This 
leaves  a great  deformity,  but  increases  the  chance  of  saving  life.  In  cases 
where  the  neoplasm  has  already  pierced  the  globe  exenteration  of  the  orbit 
should  be  done  immediately,  unless  the  disease  has  progressed  so  far  that 
the  patient  cannot  recover  from  the  depression  of  the  anesthetic  and  opera- 
tion. If  the  neoplasm  has  invaded  the  cavities  adjacent  to  the  orbit, 
operation  is  contra-indicated.  In  a case  with  involvement  of  both  eyes  the 
same  principles  of  treatment  should  apply. 

If  an  eye  containing  a tumor  still  possesses  some  vision,  it  will  be 
best  not  to  temporize.  It  is  wiser  to  sacrifice  a dozen  half-blind  eyes  con- 
taining pseudo-neuroepitheliomata  than  to  operate  on  one  true  case  too  late. 
In  all  cases  of  intra-ocular  growth  the  general  practitioner  should  seek 
counsel  of  an  ophthalmologist,  who,  in  turn,  should  have  the  advice  of  his 
confreres. 


PARASITES. 

Subretinal  Cysticercus. — This  parasite,  whose  frequency  depends  on 
the  geographic  distribution  of  taenia  solium,  is  rarely  'Observed  in  Great 
Britain,  Russia,  France,  and  Holland.  It  is  occasionally  seen  in  Germany, 
Italy,  and  Hungary.  Few  cases  of  this  disease  have  been  reported  in  the 
United  States.  The  retina  and  chorioid  are  favorite  sites  for  cysticercus. 
Thus,  of  29  cases  of  intra-ocular  cysticerms  m which  the  eye  was  sub- 
jected to  anatomic  examination,  13  v;re  subretinal  (Ivraemer).  When 
located  centrally  a cysticercus  causes  marked  loss  of  vision.  The  eye 
usually  presents  normal  or  subnormal,  rarely  increased,  tension.  To  the 
ophthalmoscope  the  larva  appears  as  a bluish  or  whitish,  bladder-like  mass 
with  an  orange  border.  Tim  location  of  the  head  is  indicated  by  a white 
spot  and  in  some  cases  its  movement  can  be  observed.  After  a time  the 
head  breaks  through  the  ^mina  and  enters  the  vitreous  humor,  which  be- 
comes opaque.  At  first  the  vitreous  opacities  are  transparent,  movable, 
and  of  a bluish-white  color.  Later  the  whole  vitreous  becomes  opaque,  a 
chronic  iridochorimditis  ensues,  and  the  eye  ends  in  atrophia  bulbi.  The 
parasite  may  bo  found  at  any  age.  The  life  of  a cysticercus  is  said  to  be 
from  three  months  to  two  years.  The  diagnosis  of  subretinal  cysticercus 
is  not  difficult  as  long  as  the  media  are  clear.  Cysticercus  occurring  in  a 
ehil A may  be  mistaken  for  neuroepithelioma  of  the  retina;  in  the°adult 
it  inay  simulate  sarcoma  of  the  chorioid.  The  prognosis  is  unfavorable. 
Au  early  operation  may  result  in  the  preservation  of  the  globe.  A few 

cases  have  occurred  in  which  the  patient  after  operation  retained  useful 
vision. 
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Subretinal  Echinococcus.— One  case  of  this  disease,  that  reported  by 
Gescheidt  in  1855,  is  recorded  in  ophthalmic  literature. 

RETINAL  CHANGES  FROM  CIRCULATORY  DISTURBANCES. 

While  retinal  changes  from  circulatory  disturbances  unattended  by 
other  lesions  are  rarely  observed,  they  are  of  such  importance  as  to  demand 
careful  attention. 

Anemia  of  the  Retina.— Anemia  of  the  retina  is  simply  a local  ex- 
pression of  general  anemia,  and  may  be  exceedingly  difficult  of  diagnosis. 
In  fact,  in  the  absence  of  a proper  examination  of  the  blood,  diagnosis 
with  the  ophthalmoscope  may  be  impossible. 

In  some  cases,  however,  the  fundus  changes  are  so  marked  as  to  be  considered 
almost  pathognomonic.  Thus,  in  chlorosis,  pernicious  anemia,  and  leucocythenna  the 
fundus  often  shows  marked  changes.  The  whole  fundus  is  paler  than  under  normal 
conditions;  the  optic-nerve  head  is  lustreless  and  grayish,  and  neuroretinitrs  is 
common  There  is  a greater  tendency  to  inflammation  of  the  nerve-head  and  letina 
in  chlorosis  than  in  pernicious  anemia,  while  the  tendency  to  retinal  hemorrhage  is 
less  (Stephen  Mackenzie).  Posey  states' that  in  initial  anemia  from  loss  of  quantity 
of  blood  there  are  seldom  ocular  changes  unless  some  other  factor  than  loss  ot  blood 
exists  In  cases  of  chlorosis  and  pernicious  anemia  observed  by  Oliver  there  were 
marked  changes:  the  optic  disc  was  of  a yellowish-wliite  color,  with  hazy  and  in 
places  indiscernible  edges;  the  fibre-layer  of  the  retina  was  opaque,  thickened,  and 
striated-  the  vessels  were  pallid  and  showed  opacification  of  their  lymph-sheaths  and 
pronounced  neuroretinitis  was  present  (Fig.  1,  Plate  XV).  Visual  acuity  was  re- 
duced and  the  fields  of  vision  were  contracted.  Coetaneous  blood-examination, 
showed  a great  diminution  of  red  blood-corpuscles  and  hemoglobin. 

Ischemia  of  the  Retina. — The  term  ischemia  of  the  retina  md.'-atos 
that  the  cause  of  the  condition  rests  in  or  near  the  eyeball  itself . r|  hus, 
ischemia  follows  plugging  of  the  arteria  centralis  retina; . U has  been 
observed  in  spasm  of  the  retinal  arteries  due  to  unknown  tames;  it  also 
occurs  in  quinin-blindness. 

Ischemia  of  the  retina  may  be  general  or  partial.  In  .nnoiism  of  the  central 
artery,  where  the  plug  is  located  in  the  main  trunk,  the  whole  f' Indus  is  white  and 
bloodless  except  such  portions  as  are  supplied  by  a c.  mrennal  vessel.  An  examp 
of  partial  ischemia  is  found  in  case  the  embolus  successfully  traverses  the  central 

vessel  and  lodges  in  one  of  its  branches.  . , 

The  diagnosis  between  anemia  and  ischemia  <f  the  retina  can  be  determined 
by  taking  into  consideration  the  general  condition  of  the  patient  and  the  ophthalmo- 

scopic^app^  ^ THE  Retinal  Arteries.-  Ischemia  of  the  retina  due  to  spasm  of  the 
retinal  arteries  probably  occurs  ofte-e  • t.ian  has  been  supposed,  and  it  ™ to 
explain  some  obscure  cases  of  trai.su . it  blindness.  The  blindness  may  last  f°r  a fe" 
minutes  or  for  several  hours.  Transient  narrowing  of  the  retinal  arteries  has  bee 
observed  in  epileptiform  convulsions  (Huglilings  Jackson),  in  migraine,  in  the  cold 
stage  of  malarial  fever,  and  in  quinin-blindness.  Spasm  of  the  retinal  arteries  has 
been  studied  ophthalmomo,. -tally  by  von  Graefe,  Knapp,  Noyes  Lundie  Lorin0, 
Harbridge,  Zentmaver,  ,'nc  others.  It  is  possible  that  spasm  of  the  retinal  arteries 
is  a precursor  of  actual  blockage  (embolism  or  thrombosis).  The  attack  begins  with 
a narrowing  of  the  nrieries,  followed  by  a similar  condition  of  the  veins,  endin„  in  a 
complete  coUap.  t c f some  or  all  of  the  retinal  vessels  The  optic  disc  becomes  pallid 
and  the  letinc.  may  be  hazy.  Often  in  these  cases  there  is  a cardiac  lesion.  The 
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treatment  includes  the  immediate  use  of  amyl  nitrite  (Noyes)  and  the  later  attention 
to  the  general  health. 

Hyperemia  of  the  Retina. — Retinal  hyperemia,  existing  apart  from 
demonstrable  pathologic  lesions,  such  as  hemorrhage  and  exudation,  is  of 
rare  occurrence,  and  is  diagnosticated  with  difficulty.  Hyperemia  of  the 
larger  retinal  vessels  is  indicated  by  increased  tortuosity,  which  is  to  be 
expected  when  an  elastic  tube  is  overdistended.  Unless  the  patient  has 
been  previously  examined,  the  diagnosis  will  be  in  doubt,  since  what  may 
appear  to  be  undue  tortuosity  may  be  simply  a congenital  condition.  The 
calibre  of  the  retinal  vessels  varies  much  under  normal  conditions.  When, 
however,  congestion ; of  the  larger  vessels  is  accompanied  by  capillary  hyper- 
emia, there  will  be  a change  in  the  color  of  the  whole  fundus  and  the  optic 
nerve  will  be  redder  than  normal.  Hyperemia  of  the  retina  is  divisible 
into  active  and  passive  forms. 

Active  Retinal  Hyperemia  is  found  in  connection  with  inflammations  of  the 
uveal  tract,  and  as  a functional  affection  due  to  excessive  use  of  the  eyes  in  near 
work  under  unfavorable  conditions  as  regards  illumination,  or  under  abnormal  states 
of  refraction  or  of  muscle-balance.  It  is  also  found  among  persons  exposed  to  excess- 
ive light  and  heat,  as  puddlers.  The  symptoms  of  active  retinal  hypereml  i include 
photophobia  and  asthenopia.  The  diagnosis  must  rest  on  the  results  of  an  ophthalmo- 
scopic examination,  on  the  subjective  symptoms,  and  on  the  history  of  the  case. 
Hyperemia  of  the  retina  should  not  be  confounded  with  the  diffuse  hiihi'rss  which  is 
due  to  fine  vitreous  opacities,  or  with  the  apparent  distortion  Oi  vessels  which  is 
seen  in  astigmatic  eyes.  The  treatment  will  consist  in  the  removal  ot  the  cause,  the 
proper  correction  of  errors  of  refraction,  and  removal  from  nuliyg  enic  surroundings. 

Passive  Retinal  Hyperemia  is  found  wherever  the  egres»  of  blood  from  the 
eyes  is  interfered  with,  as  in  glaucoma,  brain-tumors,  and  other  intracranial  diseases 
producing  ‘‘choked  disc.”  Stasis  hyperemia  is  found  in  mitral  disease,  convulsions, 
tetanus,  and  in  tumors  of  the  neck  interfering  with  \he  r-  turn  of  blood.  The  symp- 
toms are  similar  to  those  found  in  active  hype  ’emia.  The  diagnosis  is  made  by 
attention  to  the  ophthalmoscopic  findings,  the  resu^s  of  a general  physical  examina- 
tion, etc.  The  treatment  will  comprise  the  rerrcml  of  the  cause,  when  possible,  and 
the  correction  of  errors  of  refraction,  etc. 

Retinal  Vasculitis  and  Perivasculitis  (Sclerosis  of  the  Retinal  Ves- 
sels).— These  terms  are  applied  to  inflammation  of  the  vessel-walls  or  of 
the  perivascular  sheaths.  The  condition  is  shown  by  the  appearance  of 
white  lines  along  the  vessels.  Normally  the  vessel-walls  cannot  be  seen. 

Pathology. — Endarteritis  productiva  (arteriosclerosis)  begins  in  a 
thickening  of  the  intima ; if  the  process  progresses,  the  condition  known 
as  endarteritis  obli  terms  develops  and  the  lumen  of  the  artery  is  much 
reduced.  The  process  is  an  inflammatory  one,  and  leads  to  fatty  degenera- 
tion and  calcareous  change  in  the  intima.  A granulating  inflammatory 
process  foRows  in  the  adventitia  with  a new  growth  of  connective  tissue. 
Calcification  follows  which  may  be  en  plaque  or  in  spots.  Macroscopically 
the  first  evidences  of  a beginning  endarteritis  are  roughening  of  the  intima 
erd  yellowish  discoloration.  Perivasculitis  is  a similar  process  which  be- 
gins in  the  adventitia. 

Symptoms. — Sclerosis  of  the  retinal  vessels  usually  is  attended  by 
reduction  in  visual  acuity.  Hertel,  however,  has  found  arteriosclerosis  in 
eyes  possessing  good  vision.  In  such  cases  the  findings  of  the  ophthalmo- 
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scope  will  be  of  much  value  in  the  general  prognosis  as  to  the  duration  of 
life  of  the  individual,  since  arteriosclerosis  of  the  retinal  vessels  indicates 
serious  lesions  located  elsewhere,  particularly  in  the  brain.  In  some  cases 
evidences  of  vascular  disease  are  presented  to  the  ophthalmoscope  when 
physical  examination  of  the  heart  and  of  the  arteries  of  the  extremities 
fails  to  reveal  lesions. 

In  sclerosis  of  the  vessel-walls  the  ophthalmoscopist  finds  the  vessels 
transparent,  the  blood-column  reduced  in  diameter,  the  light-streak  wid- 
ened, and  an  interruption  in  the  continuity  of  the  vein  at  the  point  where 
it  is* crossed  by  an  artery.  In  perivasculitis  white  lines  appear  along  the 
course  of  the  vessels,  and  in  exceptional  instances  the  vessels  appear  as 
branching  white  streaks. 


Fig.  323.— Perivasculitis  of  the  retinal  vessels.  (I  /.ft . an.) 
An  area  of  chorioidal  atrophy  is  seen  at  the  macnHi  ^er>  n. 


Etiology. — The  vascular  changes  mentioned,  while  incident  to  old  age, 
are  also  found  in  middle-aged  and  even  In  young  subjects  who  are  syphi- 
litic, gouty,  or  rheumatic.  In  some  cases  trauma  is  a factor.  In  nephritis 
the  retinal  vessels  are  often  diseased  “Albuminuric  Retinitis  ). 

Prognosis. — The  prognosis  in  sclerosis  or  perivasculitis  of  the  retinal 
vessels  is  unfavorable,  there  being  no  known  means  of  effecting  a restitu- 
tion to  the  normal.  Vision  may  long  remain  normal,  or  it  may  be  sud- 
denly reduced  or  abolish/a  by  rupture  of  a diseased  vessel.  The  finding 
of  changes  in  the  intra- ocular  vessels  is  of  value  in  general  prognosis,  since 
the  general  arterial  +rfcc  is  often  involved  in  the  same  pathologic  process. 
In  cases  where  the  general  medical  examination  fails  to  reveal  cardiac, 
vascular,  or  re  mu  disease,  the  ophthalmoscopic  findings  may  be  of  great 
moment.  Ar.  examination  for  life-insurance  cannot  be  considered  com- 
plete without  an  ophthalmoscopic  examination. 
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Treatment. — This  must  be  based  upon  general  and  broad  lines,  and 
includes  the  avoidance  of  excesses,  the  abandonment  of  injurious  habits, 
the  regulation  of  the  diet,  exercise,  etc. 

Aneurism  of  the  Retinal  Vessels. — Different  forms  of  aneurism  of 
the  retinal  vessels  have  been  described  as  ophthalmic  rarities.  Magnus 
and  Fuchs  met  with  arterio-venous  aneurisms  produced  by  trauma,  and  the 
same  condition  has  been  observed  as  a congenital  disease.  Fusiform  and 
sacculated  forms  have  also  been  observed;  but  the  commonest  condition  is 
the  presence  of  numerous  miliary  aneurisms  occurring  in  arteriosclerosis. 
Trauma,  arteriosclerosis,  and  syphilis  are  etiologic  factors.  Since  the 
retinal  arteries  are  terminal  vessels  and  a collateral  circulation  is  prac- 
tically impossible,  it  follows  that  rupture  of  retinal  aneurisms  is  likely  to 
occur,  and  probably  this  is  the  explanation  of  some  cases  of  retinal  hemor- 
rhage. The  diagnosis  of  retinal  aneurism  can  be  made  with  the  ophthal- 


Fig.  324. — Arterio-venous  aneunsm  of  the  retina.  (Fuchs.) 

moscope.  Varicosities  in  the  veitr  may  be  mistaken  for  aneurisms  by  the 
inexperienced  examiner.  Occurring  idiopathically,  retinal  aneurism  must 
be  regarded  as  significant  oi  vt^cular  changes  in  other  parts  of  the  body,  par- 
ticularly in  the  brain.  Phe  condition  does  not  admit  of  treatment. 

Apoplexy  of  the  Retina  (Hemorrhages  in  the  Retina). — The  differ- 
entiation between  retinal  apoplexy  and  hemorrhagic  retinitis  rests  on  the 
presence  of  sig^s  of  inflammation.  A hemorrhage  occurring  in  an  eye 
whose  retira  Otherwise  appears  normal  is  known  as  retinal  apoplexy;  if 
signs  of  inflammation  of  the  retina  are  present,  the  condition  is  called 
hemorrhagic  retinitis. 

Symptoms. — When  the  hemorrhages  involve  the  macula  there  is  great 
reacct.on  in  acuity  of  vision.  Often,  however,  the  macula  is  free,  the 
Hemorrhages  being  numerous  and  situated  peripherally,  in  which  case  cen- 
tral vision  will  be  normal.  Scotomata  due  to  such  lesions  will  often  remain 
unnoticed  by  the  patient.  Ophthalmoscopically  apoplexy  of  the  retina  pre- 
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sents  red  or  black  spots,  which  may  vary  in  size,  shape,  and  number.  They 
contrast  strongly  with  the  bright-red  fundus.  They  may  involve  any  of  the 
retinal  layers.  When  occurring  in  the  nerve-fibre  layer  they  present  striate 
or  flame-like  shapes.  Hemorrhages  into  the  deeper  retinal  layers  or  between 
the  retina  and  chorioid  are  rounded  or  irregular  in  shape. 

Etiology. — Apoplexy  of  the  retina,  while  more  common  among  adults 
of  advanced  age,  is  not  infrequent  in  both  sexes  about  the  age  of  puberty. 
The  middle-aged  and  elderly  subjects  present  lesions  of  the  heart  or  arteries 
or  changes  in  the  composition  of  the  blood.  Some  of  the  young  subjects 
are  anemic,  while  others  show  no  departure  from  the  normal.  Sudden 
reduction  of  intra-ocular  tension,  such  as  follows  an  iridectomy  made  for 
glaucoma,  sometimes  causes  retinal  apoplexy.  Some  poisons  among  which 
are  serpent  virus,  phosphorus,  and  potassium  chlorate— may  cause  the 
affection.  Among  the  constitutional  conditions  productive  of  retinal  apo- 
plexy are  (according  to  Dimmer)  septicemia,  pyemia,  anemia,  ulcerative 
endocarditis,  leucocythemia,  menorrhagia,  liematemesis,  hemophilia,  gout, 
purpura,  diabetes,  malaria,  scurvy;  certain,  renal,  hepatic,  and  splenic  dis- 
eases; cardiac  hypertrophy  with  valvular  stenosis,  atheroma  of  the  vessels, 
thrombosis  of  the  central  retinal  vein,  and  embolism  of  the  central  artery ; 
suffocation,  compression  of  the  carotid,  and  hemorrhages  in  the  newborn. 
Retinal  apoplexy  sometimes  follows  large  cutaneous  burns.  It  has  been 
observed  in  cases  of  fracture  of  the  skull. 

Pathology.— Hemorrhage  into  the  retina  sometimes  is  due  to  o:a- 
pedesis  of  blood-corpuscles ; in  the  majority  of  cases,  however,  actual  ruo- 
ture  of  an  artery  or  a vein  occurs  as  a result  of  pre-existing  per' vasculitis 
or  arteriosclerosis. 

Diagnosis.— This  will  present  no  difficulties  to  the  surgeon  who  is 
familiar  with  the  use  of  the  ophthalmoscope. 

Prognosis.— While  in  some  cases,  particularly  in  young  subjects, 
retinal  apoplexy  is  followed  by  complete  absorption  of  the  blood  and 
restoration  of  vision  without  scotomata,  the  discos*,  h many  instances  is  a 
serious  affection.  In  many  cases  the  apoplexy  incurs  from  time  to  time. 
There  is  increase  of  intra-ocular  tension,  and  the  condition  is  then  known  as 
hemorrhagic  glaucoma:  a most  serious  di’-eace  (see  Chapter  XVII).  In  a 
period  of  weeks  or  months  the  retine  1 hemorrhages  may  undergo  absorption, 
leaving  chorioidal  and  retinal  changes,  which  may  be  limited  to  small 
areas  or  may  involve  the  entire  tmina.  If  the  hemorrhage  breaks  into  the 
vitreous  humor,  it  may  leave  permanent  opacities  and  lead  to  proliferating 
retinitis.  Hemorrhages  into  the  retina  in  elderly  persons  often  precede 
cerebral  hemorrhage. 

Treatment. — -Retinal  apoplexy  calls  for  attention  to  the  patient’s 
general  health,  ana,  when  possible,  removal  of  the  cause.  Stimulants 
should  he  avoic  ea.  Rest,  and  the  use  of  cholagogues  and  purgatives  will 
be  of  value.  j_  ocal  bloodletting  from  the  temple  is  said  to  be  helpful. 
Hypodermic  injections  of  pilocarpin  and  the  internal  use  of  iodid  of  potas- 
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sium  or  bichlorid  of  mercury  may  be  employed  to  stimulate  absorption.  In 
elderly  persons  a solution  of  eserin  may  be  dropped  into  the  eye  twice  a 
day. 

Subhyaloid  Hemorrhage  (Effusion  of  Blood  between  the  Retina  and 
Vitreous  Body).  The  effusion  of  blood  between  the  retina  and  vitreous 
humor  is  of  rare  occurrence.  Hotz,  of  Chicago,  writing  in  1893,  said  he  had 
observed  only  three  cases  in  twenty  years’  practice.  The  disease  appears 
suddenly  and  without  premonitory  symptoms  in  an  eye  supposed  to  be 
normal;  vision  is  reduced  to  perception  of  light,  which  looks  reddish  or 
brown.  The  cornea  and  lens  are  found  to  be  clear.  Ophthalmoscopic  ex- 
amination shows  the  presence  of  a round,  oval,  or  pyriform  effusion  of  blood 
situated  usually  in  the  macular  region  and  rarely  reaching  to  the  temporal 
border  of  the  disc.  Haab  has  seen  cases  in  which  the  blood  covered  part  of 
the  optic  disc.  The  lower  portion  of  the  effusion  often  presents  a darker 
color.  Retinal  vessels  in  the  path  of  the  hemorrhage  are  hidden  by  it. 

Etiology. — Suppression  of  the  menses  and  cardiac  and  vascular  lesions 


Fig.  3^5. — fc>ubh}aloid  hemorrhage.  (Hotz.) 

have  been  found  in  some  of  the  cases  while  in  no  small  percentage  not  any 
departure  from  the  normal  could  cotected. 

Diagnosis. — The  diagnosis  of  subhyaloid  hemorrhage  should  not  be 
difficult.  A subretinal  effusir>j;  of  blood  would  not  conceal  the  retinal  ves- 
sels, which  would  rise  over  nnd  pass  in  front  of  the  effusion,  and  in  sub- 
retinal  effusion  the  paiieffi  would  not  complain  of  red  vision. 

Prognosis. — The  prognosis  of  subhyaloid  hemorrhage  is  favorable, 
vision  being  entirely  restored  with  the  absorption  of  the  clot,  which  occurs 
in  four  or  five  weeks.  This  favorable  termination  may  be  confidently 
expected  except  in  the  rare  cases  in  which  the  hemorrhage  is  of  sufficient 
size  to  bi^ak  into  the  vitreous  body. 

Treatment. — The  general  condition  of  the  patient  should  be  investi- 
gated dnd  suitable  remedies  should  be  prescribed  for  any  departure  from  the 
n >ru  Lai.  As  regards  the  local  affection,  the  avoidance  of  stimulants  and 
excitement  must  be  complete.  Aperients  and  alteratives  will  be  in  order. 

Embolism  of  the  Central  Retinal  Artery. — An  embolus  may  lodge  in 
the  arteria  centralis  retinae  or  in  one  of  its  branches. 


PLATE  XVI. 
Diseases  □{  tha  Retina, 
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Fig.  1.— Embolism  ot  th.a  Central  Retinal  Art  ary* 
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Symptoms. — The  disease  comes  generally  without  pain  and  without 
premonitory  signs,  although  Schobl  claimed  that  transient  obscuration  of 
the  visual  field  or  transitory  blindness  are  frequent  premonitory  phenomena. 
The  initial  symptom  is  sudden  and  complete  blindness,  if  the  central  trunk 
is  obstructed ; sudden  partial  blindness,  if  the  embolus  passes  into  a branch 
of  the  central  vessel.  In  the  latter  event  the  visual  field  is  correspondingly 
limited.  Complete  blindness  existing  for  several  minutes  or  hours,  if  the 
embolus  is  lodged  in  the  central  artery,  may  be  followed  by  a loosening 
of  the  plug,  which  then  lodges  in  an  arterial  branch.  Vision  will  then  be  re- 
stored except  in  the  area  of  the  visual  field  which  corresponds  to  the  part 
which  the  branch  supplies.  If  examined  immediately  after  the  accident, 
the  ophthalmoscope  will  show  complete  absence  of  blood  from  a part  of  or 
the  whole  retina,  depending  upon  the  location  of  the  plug.  The  arteries  are 
either  completely  lost  to  view  or  are  much  diminished  in  size.  The  optic 
papilla  is  whitish  or  yellowish.  The  veins  are  contracted,  but  may  show 
irregular  distensions  toward  the  periphery  of  the  retina.  The  veins  some- 
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Fig.  326. — Section  of  the  retina  in  embolism  of  the  central  artery. 
(After  Marple.) 

A,  Layer  of  rods  and  cones.  B,  External  granular  layer.  Ct  Outer  reticular  layer. 
Inner  granular  layer.  Et  Layer  of  ganglion-cells  (the  ganglion-cells  are  almost  entirely  abs  jnt). 
F,  Nerve-fibre  layer  showing  marked  edema.  The  ganglion-cells  have  almost  entirely  dis- 
appeared, a few  nuclei  only  being  present.  There  is  marked  retinal  edema,  especia.1  f in  the 
layer  of  nerve-fibres. 


times  present  an  intermittent  flow  of  blood  with  or  without  p .assure.  Pres- 
sure upon  the  eye,  by  increasing  intra-ocular  tension,  may  cause  a flow  of 
blood,  but  there  is  usually  complete  absence  of  pulsatov  venous  or  arterial, 
on  pressure.  Coagulated  blood  may  be  found  in  the  small  arteries,  par- 
ticularly in  the  macular  vessels.  The  entire  fui  dus  is  white  except  for  the 
presence,  in  the  macular  region,  of  a chenv-rel  spot  (Fig.  1,  Plate  XVI). 
This  spot  has  been  attributed  to  hemorrhage,  but  it  is  now  generally  believed 
that  it  is  simply  the  natural  color  ot  the  fovea  made  prominent  by  con- 
trast with  the  white  fundus.  In  a i ew  hours  the  retina  shows  opacity  due 
to  edema.  It  becomes  of  a whitish,  yellowish,  gray,  'or  greenish  color  except 
for  the  cherry-red  spot  at  the  macula.  In  rare  cases  of  embolism  the  red 
spot  may  be  absent;  in  the  biack  races  it  has  been  observed  as  a black 
spot.  Later  on  in  the  history  of  the  case  the  retinal  picture  is  that  of 
atrophy.  The  arteries  ere  extremely  small,  the  veins  are  narrow  and 
straight,  the  optic  disc  is  white  or  of  a dirty-grayish  color,  and  there  is 
perivasculitis  and  mtinal  degeneration.  Such  an  eye  will  be  blind;  the 
pupil  will  be  dilated  and  fixed  and  the  media  clear  (Fig.  2,  Plate  XVI).  In 
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a few  of  the  recorded  cases  of  complete  embolism  a small  sector  of  the  visual 
field  has  been  preserved.  In  such  cases  cilioretinal  arteries  were  present. 

Pathology.  An  embolus  of  the  central  artery  lodges  usually  imme- 
diately behind  the  lamina  cribrosa,  at  a point  where  the  vessel  is  contracted 
and  makes  a turn  to  ascend  to  the  papilla.  Here  the  embolus  becomes 
organized.  In  Marple’s  case  a thrombus  was  found  behind  the  embolus; 
the  optic  nerve  was  atrophic,  the  intervaginal  space  was  dilated,  and  appar- 
ently there  was  a vaginitis.  Retinal  changes  have  been  found  by  Elschnig 
and  Marple,  whose  cases  were  studied  in  laboratories  seven  weeks  after  the 
onset  of  the  disease.  The  inner  layers  of  the  retina— layer  of  nerve-fibres 
and  ganglion-cells— are  the  first  to  become  atrophic. 

Etiology.  The  cause  of  embolism  of  the  central  retinal  artery  is  to 
be  sought  in  lesions  of  the  heart  and  arteries.  Of  125  cases  tabulated  by 
Fischer,  70  per  cent,  showed  valvular  lesions,  recent  endocarditis,  arterio- 
sclerosis, syphilitic  endarteritis,  or  aneurism.  In  30  per  cent,  no  adequate 


Fig.  327.  Section  through  the  optic  nerve  showing  an  embolus  in  the 
central  artery.  (After  AArple.) 

it  TV  0f/fna-  At  the  bend of  tL’  ^scl  is  «*»  ‘he  embolus.  Behind 

Retina  M b °°d'ce  Is'  Vein  ! °.  Intervaginal  space  dilated.  D,  D,  Chorioid.  R,  R, 

Ketina.  M%  Apex  of  papilla.  The  artery  here  touts  ins  a large  number  of  red  blood-cells  ( S ). 


cause  could  be  found,  but  it  is  soft  cr  assume  that  in  one-half  of  these 
cases  cardiac  or  vascular  lesions  existed  without  giving  rise  to  physical 
signs.  Age  is  not  a factor,  Inc  disease  being  found  in  the  young  as  well  as 
in  the  old.  A few  case?  of  -luDolism  of  the  central  retinal  artery  occurring 
in  chorea  have  been  recorded  by  Swanzy,  Benson,  Thomas,  and  others! 
Embolism  also  occurs  in  Bright’s  disease,  and  has  been  seen  during  preg- 
nancy. Multiple  emboli  of  septic  character  due  to  post-partum  pyemia  are 
occasionally  se.n.  In  such  cases,  according  to  Galezowski,  the  left  eye  is 
more  ofteo  atfected  than  the  right,  but  both  may  be  involved.  Septic 
emboli^  produce  panophthalmitis,  and  usually  cause  death.  In  some  cases 
presenting  the  clinical  signs  of  embolism,  without  discoverable  cardiac 
les^us,  it  is  possible  that  the  true  condition  is  a hemorrhage  into  the  optic 
nei"f>  sheath.  The  blindness  is  sometimes  preceded  by  daily  attacks  of 
tuistaxis,  as  in  cases  reported  by  Jessup  and  Collins. 

That  embolism  of  the  central  retinal  artery  does  not  more  frequently 
occur  is  doubtless  due  to  the  anatomic  fact  that  the  ophthalmic  artery 
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branches  from  the  internal  carotid  at  almost  a right  angle,  and  that  the 
arteria  centralis  retinas  is  given  off  from  the  ophthalmic,  or  from  one  of  its 
larger  branches,  in  turn  in  much  the  same  way.  Hence,  a clot  leaving  a 
cardiac  valve  is  much  more  likely  to  continue  its  course  in  the  large  vessel 
and  lodge  in  the  brain  than  to  enter  a branch  given  off  in  this  manner. 

If  an  embolus  gains  access  to  the  ophthalmic  artery,  it  is  much  more  likely 
to  traverse  the  lacrimal,  supra-orbital,  nasofrontal,  and  their  terminal  ves- 
sels (the  ciliary  arteries)  than  the  retinal  artery.  It  is  probable  that 
embolism  of  the  ciliary  arteries  is  a more  common  affection  than  has  been 
supposed;  however,  owing  to  free  anastomoses,  plugging  of  one  of  these 
vessels  is  not  followed  by  such  disastrous  effects  as  follow  embolism  of  the 
central  artery. 

Diagnosis. — The  ophthalmoscopic  picture  described  above  is  pathog- 
nomonic of  a stoppage  of  the  retinal  circulation,  but  this  may  be  due  either 
to  embolism,  thrombosis,  or  hemorrhage  into  the  sheath  of  the  optic  nerve. 
Except  the  embolus  is  lodged  in  a branch  of  the  central  vessel,  differentia- 
tion between  these  conditions  may  be  difficult  or  impossible.  Another 
lesion  which  obscures  the  diagnosis  is  thrombosis  of  the  central  vein  at  a 
point  where  it  can  press  on  and  occlude  the  adjacent  artery.  According 
to  Priestley  Smith,  arterial  thrombosis  can  be  distinguished  from  embolism 
by  a history  of  transient  failure  of  sight,  resembling  the  permanent  attack 
in  its  onset.  Simultaneous  failure  of  the  other  eye  favors  the  diagnosis  of 

thrombosis.  • , 

Prognosis. — This  is  very  unfavorable.  It  rarely  happens  that  tec 
plug  becomes  displaced  spontaneously  or  by  treatment.  If  a b amh  of 
the  central  artery  is  involved,  there  will  be  loss  of  vision  in  a corresponding 
area  of  the  field.  Septic  emboli,  such  as  are  found  in  puerpera1  lever,  cause 
panophthalmitis  and  often  lead  to  death  by  reason  of  the  plaiAiug  of  septic 
foci  in  vital  parts.  It  is  not  easy  to  say  in  these  cases  whether  the  central 
retinal  artery  alone  is  involved ; it  is  likely  that  emboli  f re  a iso  present  in  the 
chorioidal  vessels  (ciliary  arteries) . In  embolism  of  a br-nch  of  the  central 
artery  the  formation  of  an  anastomosis  was  obser  red  ny  Konigshofer.  If  a 
cilioretinal  vessel  is  present,  the  plugging  of  the  antral  artery  will  not  com- 
pletely check  the  supply  of  blood  to  the  retina:  a limited  area  supplied 
by  the  cilioretinal  vessel  will  functionate.  While  the  prognosis  in  embolism 
is  usually  unfavorable,  great  or  complete  restoration  of  vision  is  possible. 
Cases  have  been  reported  in  whic  v ' ision  was  restored  by  deep  massage 
combined  with  the  internal  u«e  01  Rochelle  salts  and  iodid  of  potassium 
and  hypodermic  injections  of  piiocarpin. 

Treatment. — The  indications  for  treatment  are  (1)  to  dislodge  and 
break  up  the  embolus  acn  (2)  to  promote  absorption  of  the  clot.  A patient 
with  embolism  of  the  ce  itral  artery  should  be  sent  to  bed  and  should  be  sub- 
jected to  an  ene-getic  course  of  treatment  at  the  earliest  possible  moment. 
Hypodermic  injections  of  piiocarpin. should  be  given;  the  internal  use  of 
salines  and  j:  otussium  iodid  should  be  tried ; and  deep  massage  of  the  eyeball 
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should  be  practiced  morning  and  evening  for  a week  or  ten  days.  Hot 
compresses  may  be  employed  over  the  eye.  Inhalations  of  nitrite  of  amyl 
may  be  of  some  use.  If  these  measures  fail,  the  surgeon  may  repeatedly 
tap  the  anterior  chamber  in  the  hope  that  the  sudden  reduction  of  intra- 
ocular tension  will  result  in  the  dislodgment  of  the  embolus.  Massage 
is  employed  by  placing  the  thumb  or  fingers  on  the  closed  upper  eyelid, 
making  deep  pressure  for  two  or  three  minutes.  Following  this  the  sur- 
geon should  make  an  ophthalmoscopic  examination  to  determine  the  effect 
of  the  treatment.  Sclerotomy  and  iridectomy  have  been  tried  in  embolism 
with  little  effect. 

Thrombosis  of  the  Central  Retinal  Artery. — This  condition  may  be 
due  to  cardiac  or  vascular  lesions,  or,  as  has  been  observed  recently  by 
Siegrist  and  Gifford,  it  may  follow  ligation  of  the  deeper  vessels  of  the  neck. 
In  the  first  of  two  cases  observed  by  Siegrist  after  ligation  of  the  common 
and  internal  carotid  arteries  the  eye  of  the  same  side  became  blind.  The 
ophthalmoscopic  picture  was  similar  to  that  which  is  found  in  embolism  and 
in  thrombosis  of  the  central  retinal  artery.  The  autopsy  showed  a throm- 
bosis of  the  internal  carotid,  ophthalmic,  and  central  retinal  arteries.  In 
SiegrisFs  second  case  ligation  of  the  internal  and  external  carotids  was 
followed  by  blindness,  by  a similar  fundus  picture,  and  by  ptr^-nliy  of  the 
retina  with  pigment  accumulation. 

The  ophthalmoscopic  picture  of  thrombosis  is  sim'iai  to  that  of  em- 
bolism. Premonitory  symptoms  in  thrombosis  are  attacks  of  transient 
blindness  in  both  the  diseased  eye  and  its  felloe,  headache,  giddiness,  and 
faintness.  These  symptoms  are  rarely  present  m e nbolism. 

The  diagnosis  between  thrombosis  and  mbolism  is  difficult,  not  only 
clinically,  but  also  microscopically.  Thus,  ot  Id  cases  of  supposed  embolism 
of  the  central  retinal  artery  which  are  ^corned  in  literature  as  having  been 
subjected  to  microscopic  study,  Marp^  states  that  in  4 no  embolus  was 
found,  in  5 it  was  impossible  to  s*y  whether  the  condition  was  embolism  or 
thrombosis,  and  in  only  6 war  nn  unmistakable  embolus  found.  It  is  neces- 
sary to  study  such  specimero  uoth  longitudinal  and  cross  sections. 

Etiology. — Yon  Michel  attributed  thrombosis  to  arteriosclerosis.  It 
is  possible  that  spasm  c*  tne  muscular  coat  of  the  artery  is  an  etiologic 
factor.  Recently  Sachs  has  observed  the  formation  of  a ring  of  constric- 
tion on  one  of  th*  i ° tinal  arteries,  which  began  on  the  physiologic  cup  and 
extended  to  the  bifurcation  of  the  artery.  Similar  constrictions  followed 
at  short  internals.  The  case  was  one  presenting  the  ophthalmoscopic  signs 
of  retinal  embolism  and  the  observation  was  confirmed  by  Fuchs.  Gale- 
zowsb*  beileves  that,  in  cases  of  supposed  embolism  in  which  no  probable 
source  por  the  embolus  could  be  found,  the  condition  was  really  thrombosis 
due  ^o  endarteritis. 

Thrombosis  of  the  Central  Retinal  Vein. — A thrombus  forming  in  the 
central  vein  or  in  its  branches  causes  ophthalmoscopic  appearances  which 
were  formerly  credited  to  embolism  of  the  central  artery  or  to  hemorrhagic 
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retinitis.  Possibly  some  of  the  reported  cases  of  hemorrhagic  retinitis 
were  examples  of  thrombosis.  Phlebitis  of  the  cavernous  sinus,  which 
might  be  expected  to  cause  ophthalmoscopic  signs,  rarely  does  so  because 
of  the  free  communication  existing  between  the  orbital  and  facial  veins. 

Symptoms. — In  complete  closure  of  the  central  vein  by  a thrombus 
the  retinal  veins  are  dilated  and  tortuous,  the  margins  of  the  optic  disc  are 
blurred  and  indistinct,  but  the  disc  itself  is  usually  not  much  swollen. 
Around  the  disc  is  a striated  area  of  blood-extravasation  into  the  nerve-fibre 
layer  of  the  retina;  and  numerous  hemorrhages  are  found  in  the  periphery 
(Fig.  1,  Plate  XVII).  The  arteries  are  small  and  few  in  number.  The 
veins  may  show  on  their  convexity  a light-streak,  while  the  concavity  is  hid- 
den in  the  edematous  retina.  Vitreous  opacities  soon  appear,  and  vision  be- 
comes much  reduced.  In  favorable  cases  the  vitreous  clears,  the  hemorrhages 
disappear  by  absorption,  and  useful  vision  may  be  retained.  Some  cases 
show  in  the  macular  region  a yellowish-gray  opacity  presenting  a cherry-red 
spot  in  its  centre.  Such  cases  simulate  embolism.  Vision  may  be  com- 
pletely lost  in  thrombosis  by  repeated  hemorrhages.  If  the  thrombus  be- 
comes dissolved  or  a canal  forms  alongside  it,  the  fundus  will  gradually 
become  clear. 

In  incomplete  closure  of  the  central  vein  or  in  closure  of  one  of  its 
branches,  a less  extensive,  but  similar,  retinal  picture  is  seen.  There  are 
a few  hemorrhages  on  the  disc-margin  or  in  a peripheral  part  of  the  retina. 
There  may  be  in  the  mildest  cases  only  a few  tuft-like  hemorrhages  radiati  g 
from  the  disc.  Such  cases  may  improve  and  visual  acuity  may  be  restored. 
Often,  however,  such  lesions  occur  repeatedly,  and  glaucomatous  symptoms 
supervene,  the  case  ending  in  an  enucleation  for  the  relief  cf  pain.  In 
thrombosis  of  a branch  of  the  central  vein  the  retinal  change  are  limited 
to  a corresponding  area. 

Diagnosis. — The  diagnosis  of  thrombosis  of  the  central  retinal  vein 
may  present  many  difficulties.  The  following  table  by  l^ost  contrasts  the 
ophthalmoscopic  appearances  of  thrombosis  and  embolism: — 


Thrombosis  of  the  Central  Vein. 

1.  Arteries:  calibre  normal  or  slightly 

diminished. 

2.  The  veins  are  tortuous. 

3.  Veins  turgid,  and  appear  interrupted  ( 

(from  being  buried  in  the  retina).  | 

4.  Venous  pulsation  on  pressure. 

5.  Extensive  retinal  hemorrhage. 


EMBOLToi>;  OF  THE  CENTRAL  ARTERY. 

1.  i*  rterifc^  liliform. 

2.  Course  of  veins  normal. 

ij  Veins  decrease  toward  the  disc 
(blood-column  may  be  broken  into 
segments). 

4.  No  pulsation. 

5.  No  hemorrhages,  or  very  few. 


Prognosis. — This  v\  ill  depend  on  the  location  of  the  thrombus  and 
whether  it  becomes  ? jeodily  dissolved  or  remains,  completely  occluding  the 
lumen  of  the  vessel,  fn  general  terms  it  may  be  said  that  complete  restora- 
tion of  visual  peuity  is  scarcely  to  be  expected. 

Treat?:  ent. — This  is  unsatisfactory.  Venesection,  rest,  and  the  use 
of  salines  m;  y be  tried. 
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INFLAMMATION  OF  THE  RETINA. 

Inflammations  of  the  retina  may  be  divided  into  (1)  simple,  or  serous 
retinitis,  (2)  parenchymatous  retinitis,  and  (3)  purulent  (septic  or  em- 
bolic) retinitis.  Certain  affections  of  the  retina,  of  which  the  so-called 
retinitis  pigmentosa  may  be  taken  as  the  type,  will  be  considered  under  the 
heading  of  “Retinal  Scleroses.” 

SIMPLE,  OR  SEROUS,  RETINITIS. 

. This  affection  is  sometimes  called  edema  of  the  retina.  It  is  charac- 
terized by  a limited  or  general  opacity  of  the  retina;  by  increased  size 
and  tortuosity  of  the  vessels,  particularly  of  the  veins  (which  may  be  some- 
what obscured  by  the  retinal  edema) ; and  by  diminution  in  visual  acuity 
in  that  part  of  the  field  of  vision  which  corresponds  to  the  diseased  area. 


Fig.  328. — Cei^as  recinitis.  (Oliver.) 


Hemorrhages  are  not  often  fo  uid  in  serous  retinitis.  Distortion  of  vision 
may  be  present.  Thin,  objects  may  appear  too  large  (megalopsia)  or  too 
small  (micropsia).  Tht  patient  may  see  better  by  reduced  illumination 
or  toward  evening  (nyctalopic  retinitis  of  Arlt).  The  disease  may  be 
unilateral  or  bilateral.  It  may  be  caused  by  trauma  (retinitis  from  con- 
cussion), by  e^eblrain,  or  by  certain  constitutional  conditions  (syphilis), 
or  may  he  o^e  to  unknown  causes.  Other  forms  of  retinitis  may  begin  as 
serous  retinitis,  and  will  naturally  be  classified  as  such  until  their  special 
featuies  become  demonstrable.  The  papilloretinitis  accompanying  sym- 
pathetic ophthalmitis  is  of  the  serous  variety.  Although  ophthalmic  writ- 
ers have  treated  of  several  varieties  of  serous  retinitis,  the  author  will 
consider  only  one  form : syphilitic  retinitis. 

Diagnosis. — The  diagnosis  of  serous  retinitis  must  rest  on  the  ophthal- 
moscopic findings,  the  absence  of  appearances  characteristic  of  the  paren- 
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chymatous  and  embolic  forms  of  retinal  inflammation,  and  the  history  of 
the  case.  The  blurring  of  the  fundus  found  in  astigmatism  and  the  hazi- 
ness due  to  fine  vitreous  opacities  are  sometimes  causes  of  errors  in  diag- 
nosis. 

Prognosis. — The  prognosis  of  serous  retinitis  is  favorable. 

Treatment. — The  treatment  will  include  removal  of  the  cause,  the  cor- 
rection of  errors  of  refraction,  the  local  use  of  atropin  and  smoked  glasses, 
and  attention  to  the  general  health.  The  correction  of  constipation,  indi- 
gestion, etc.,  is  of  importance.  A patient  with  serous  retinitis  should  not 
be  kept  in  a dark-room,  nor,  on  the  other  hand,  should  he  be  exposed  to 
bright  light. 

Syphilitic  Retinitis  (Specific  Retinitis)  .—Although  this  disease  is 
sometimes  serous  and  at  others  p'arenchymatous,  it  will  be  described  in  this 
place.  The  question  of  the  existence  of  an  inflammation  of  the  retina, 
caused  by  syphilis  and  independent  of  chorioiditis,  has  been  much  dis- 
cussed by  eminent  ophthalmologists.  In  recent  years  the  question  has  been 
decided  in  the  affirmative.  The  condition  known  as  diffuse  syphilitic 
chorioidoretinitis,  the  diffuse  syphilitic  chorioiditis  of  Forster,  is  charac- 
terized by  the  presence  of  fine,  dust-like  opacities  in  the  posterior  part  of 
the  vitreous,  blurring  and  redness  of  the  optic  papilla,  and  by  alterations 
in  the  macular  region  and  in  the  vessels. 

The  diffuse  syphilitic  retinitis  of  Jacobson  is  a later  secondary  mani- 
festation of  syphilitic  infection,  appearing  six  months  to  two  years  ai’e. 
the  primary  infection.  The  disease,  however,  may  result  from  hereditary 
syphilis.  It  may  be  unilateral,  but  usually  is  bilateral.  Other  forms  of 
syphilitic  retinitis  which  have  been  described  by  competent  observers  are: 
(1)  relapsing  syphilitic  central  retinitis,  (2)  syphilitic  hemorrhagic  reti- 
nitis, (3)  syphilitic  arteritis  of  the  retina,  and  (4)  syphilitic  perivasculitis 
of  the  retina.  The  first  of  these  is  a rare  disease  which  is  characterized 
by  relapses  and  by  ophthalmoscopic  signs  limited  to  tie  macula.  Vision 
is  often  suddenly  reduced,  but  improves  marked.'.  luring  the  intervals, 
although  after  repeated  attacks  it  may  be  permanently  diminished.  The 
macula  looks  gray  or  grayish-yellow,  and  may  show  small,  white  points 
arranged  in  groups.  Pigment-spots  appe;."  alter  the  disease  has  lasted  for 
several  years.  Micropsia  has  been  n ot'.ced  in  these  cases,  and  sometimes  the 
disease  passes  into  diffuse  syphilitic  retinitis. 

Syphilitic  hemorrhagic  retinitis,  also  a rare  affection,  is  characterized 
by  opacities  in  the  posterior  part  of  the  vitreous  humor  and  by  numerous 
hemorrhages  of  various  sires  and  shapes.  The  arteries  are  small,  and  the 
veins  are  enlarged  and  tortuous. 

In  syphilitic  ai’tcrius  of  the  retina  the  arteries  appear  as  narrow  gray  or 
white  bands  and  fins11/  disappear,  the  pathologic  process  being  an  endar- 
teritis obliterans.  The  veins  are  enlarged.  The  cerebral  arteries  in  most 
cases  are  invc  he  I in  a similar  obliterative  inflammatory  process.  In  many 
of  the  cases  few  retinal  symptoms  are  present ; the  vision  is  not  much  re- 
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cluced;  opacities  in  the  vitreous,  redness  of  the  nerve-head,  and  blurring  of 
its  margins  are  not  marked;  and  night-blindness  is  absent. 

Syphilitic  perivasculitis  of  the  retina,  also  known  as  syphilitic  peri- 
phlebitis of  the  retina,  has  been  described  by  Scheffels.  The  papilla  is 
red;  the  veins  are  enlarged  and  tortuous,  and  are  surrounded  by  dark-red 
hemorrhages.  The  arteries  may  be  normal  and  the  retina  transparent. 

Pathology. — Xagel  found  localized  adhesions  between  the  chorioid 
and  retina.  About  these  points  of  adhesion  the  chorioid  was  degenerated, 
the  choriocapillaris  being  entirely  destroyed.  Usually  the  retinal  changes 
are  more  advanced  than  those  of  the  chorioid,  but  the  reverse  may  be  true. 
The  outer  layers  of  the  retina  are  destroyed  at  many  points,  while  the  inner 
layers  show  masses  of  irregularly  arranged  pigment.  Miller’s  fibres  are 
thickened,  and  the  blood-vessels  show  marked  inflammatory  thickening. 
There  are  many  points  of  similarity  between  the  anatomic  changes  of  specific 
chorioidoretinitis  and  those  of  retinitis  pigmentosa. 

Diagnosis. — The  diagnosis  of  these  conditions  must  be  made  ophthal- 
moscopically  and  by  attention  to  the  patient’s  history  or  by  the  finding  of 
other  syphilitic  lesions.  The  Wassermann  test  is  of  value.  The  exclusion 
of  other  causes  of  retinitis  will  aid  in  the  diagnosis. 

Prognosis. — Syphilitic  retinitis  is  a chronic  disease,  although  at  times 
the  onset  is  sudden.  The  prognosis  will  depend  largelv  upon  the  time  at 
which  treatment  is  begun.  Under  energetic  use  of  proper  remedies  great 
improvement  can  be  expected;  but  when  treatment  nos  been  delayed  there 
are  likely  to  be  grave  retinal  and  chorioidal  lesions,  with  corresponding 
loss  of  vision. 

Treatment. — The  use  of  mercury  by  inunction  or  by  the  mouth  is  of 
the  highest  importance.  In  appropriate  cases  the  intra-venous  injection  of 
salvarsan  will  be  in  order.  At  the  same  time  attention  should  be  given  to 
the  digestion  and  nutrition.  The  eye»  may  be  protected  by  dark  glasses, 
and  in  the  acute  stage  a mydriatic  may  be  used.  In  the  later  stages  the 
use  of  iodid  of  potassium  is  L be  advised. 

P iRENCriYMATOUS  RETINITIS. 

While  in  serous  retinitis  the  changes  are  limited  to  nyperemia  and 
edema,  in  the  parenei  ymatous  form  hyperplasia  is  added  to  these  altera- 
tions, and  the  deeper  layers  of  the  retina  are  involved.  Occasionally  both 
the  serous  and  parenchymatous  forms  exist  in  the  same  eye  at  the  same  time. 
The  causes  of  parenchymatous  retinitis  may  be  easily  determined  when  the 
disease  depends  on  renal  or  blood  alterations  or  on  cerebral  lesions.  In 
some  cases  no  cause  can  be  found.  The  pathologic  changes  include  hyper- 
emia, ulema,  round-cell  infiltration,  fatty  degeneration,  hemorrhages,  and 
hyperplasia  of  connective  tissue,  with  atrophy  of  the  ganglion-cells.  The 
walls  of  the  capillaries  undergo  degeneration.  The  process  may  end  in  one 
of  three  conditions:  (1)  absorption,  leaving  the  retina  practically  unim- 
paired; (2)  partial  atrophy;  or  (3)  total  atrophy  of  the  retina. 
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The  prognosis  of  parenchymatous  retinitis  is  always  serious..  The 
treatment  is  that  outlined  above  for  serous  retinitis,  with  the  addition  of 
such  measures  as  will  be  mentioned  later. 

Parenchymatous  retinitis  may  be  divided  clinically  into  the  following 
varieties:  (1)  leucocythemic  retinitis;  (2)  diabetic  retinitis;  (3)  albu- 
minuric retinitis ; (4)  gouty  retinitis;  (5)  symmetrical  macular  changes  in 
infancy;  (6)  circinate  retinitis;  (7)  solar  retinitis;  (8)  punctate  condi- 
tions of  the  fundus.  _ . . 

Leucocythemic  Retinitis  (Leukemic  or  Splenic  Retinitis) —Retinal 
changes,  which  occur  in  about  30  per  cent,  of  cases  of  leucoeythemia,  have 
been  divided  into  (1)  leukemic  papilloretinitis  and  (2)  retinal  hemorrhages 
or  hemorrhagic  retinitis  in  leukemic  eyes.  The  disease  occurs  most  fre- 
quently in  splenic  leucoeythemia  and  as  a late  symptom.  The  characteris- 
tic features  of  splenic  retinitis  are  the  orange-yellow  color  of  the  fundus, 
the  tortuosity  and  increased  diSmeter  of  the  veins,  the  presence  of  white 
spots  with  red  borders  in  the  fundus,  and  the  presence  of  hemorrhages  of 
various  kinds  and  shapes  (Fig.  2,  Plate  XV).  Often  there  is  papillitis, 
which  may  be  slight  or  marked.  The  afEection  is  always  bilateral  and  is 
incurable.  The  diagnosis,  if  in  doubt,  can  be  confirmed  by  a microscopic 

examination  of  the  blood.  . 

Among  the  complications  of  leucocythemic  retinitis  may  be  mentioned 

chorioidal  and  vitreous  hemorrhages,  inflammation  of  a part  or  all  of  the 
uveal  tract,  hemorrhagic  glaucoma,  and  exophthalmos  from  lymphomatous 

growths  in  the  orbit.  b t 

Treatment  of  these  cases  must  be  directed  to  the  improvement  o.  Jie 

general  condition  of  the  patient,  and  is  practically  without  value 

Diabetic  Retinitis  (Glycosuric  Retinitis)  .—Retinal  change  due  to  dia- 
betes is  of  rare  occurrence  and  is  of  such  doubtful  individuall  y that  some 
prominent  ophthalmologists  have  questioned  the  propriety  of  assigning  to 
it  a separate  place  among  affections  of  the  retina.  As  rt.ua.rds  the  frequency 
of  ocular  affections  associated  with  glycosuria,  thi  reports  of  different  ob- 
servers vary  greatly.  Hirschberg  believes  that  the  ocular  changes  are  often 
overlooked.  Lagrange,  among  20,000  eve  cases,  found  53  with  diabetes; 
and,  of  100  diabetic  patients,  W.  O.  Mo  me  : ound  21  with  ocular  diseases, 
5 having  retinitis.  Visual  disturbances  may  occur  in  diabetes  without 
ophthalmoscopic  signs  (amblyopia  oi  uiabetes).  While  it  is  usually  bi- 
lateral, there  are  no  pathognomon  c signs.  It  is  an  uncommon  disease, 
Schobl,  in  a rich  clinical  experience,  having  met  with  only  9 such  cases. 
From  the  writings  of  Hirschberg  and  others  it  is  evident  that  diabetic 
retinal  affections  are  divisible  into  five  classes:  (1)  central  punctate  dia- 
betic retinitis;  (21  hemorrhagic  diabetic  retinitis;  (3)  diabetic  albu- 
minuric retinitis;  V41  alouminuric  retinitis  in  the  eyes  of  diabetic  subjects; 
(5)  atypical  diauetic  retinitis.  The  retinal  changes  occur  late  in  the  dis- 
ease and  usually  in  diabetes  mellitus,  but  have  been  seen  also  in  diabetes 
insipidus.  As  a rule,  diabetic  retinitis  shows  more  hemorrhages  and  a 
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smaller  number  of  white  plaques  than  does  albuminuric  retinitis.  Groe- 
nouw  and  Uhthoff  state  that  vitreous  opacities,  which  are  not  found  in 
albuminuric  retinitis,  may  play  an  important  role  and  may  lead  to  blind- 
ness in  diabetic  retinitis.  The  descriptions  given  by  various  authors  of  the 
ophthalmoscopic  appearance  of  diabetic  retinitis  are  very  different,  and  all, 
to  a certain  extent,  resemble  the  findings  in  albuminuric  retinitis. 

In  the  central  punctate  form  of  diabetic  retinitis  the  optic  nerve  is 
not  affected,  while  in  the  posterior  pole  the  fundus  shows  numerous  ivory- 
white  spots,  streaks,  or  points  surrounding  the  macula  in  an  irregular 
manner.  The  stellate  figure  found  in  albuminuric  retinitis  is  wanting. 
The  spots  may  be  round,  ovoid,  irregular,  or  semilunar  in  shape,  and  may 
present  serrated  margins.  They  are  more  frequently  found  on  the  temporal 
than  on  the  nasal  side  of  the  optic  disc.  The  white  spots  may  remain  for 
years.  They  do  not  coalesce,  and  between  them  are  seen  small  hemorrhagic 
spots.  The  vitreous  is  clear,  there  is  no  change  in  the  pigment,  and  the 
periphery  of  the  fundus  is  unaffected.  In  hemorrhagic  diabetic  retinitis 
there  are  numerous  hemorrhages,  but  no  white  spots.  These  cases  may  end 
in  hemorrhagic  glaucoma.  In  the  third  group  a composite  pictur;  exists, 
formed  of  the  white  spots  of  the  diabetic  affection  and  swollen  ucrv  e-head 
and  retina,  together  with  the  vascular  changes  of  albuminize  retinitis. 
The  urine  of  such  patients  presents  sugar  and  albumin.  Tn  the  fourth 
class  the  general  symptoms  of  diabetes  exist  with  tie  ophthalmoscopic 
picture  of  albuminuric  retinitis.  In  the  atypical  form  Cc*oes  have  been  de- 
scribed which  seem  to  be  pigmentary  retinitis  ™tL  subsequent  accidental 
development  of  diabetes.  Contraction  of  the  usual  Reid  and  night-blind- 
ness are  present.  Schobl  saw  a case — in  a natient  whose  urine  showed  3 
per  cent,  of  sugar  and  no  albumin — in  which  large  white  plaques  were 
numerous  in  the  periphery  of  the  fundus,  while  irregular  clusters  of  small, 
white  spots  were  found  in  the  maoidar  region.  Some  cases  of  diabetic 
retinitis  show  atrophy  of  the  optic  ne)  re,  hemorrhages  and  opacities  in  the 
vitreous,  amblyopia,  scotomata  dioriuiditis,  and  hemorrhagic  glaucoma. 

Pathology. — In  a case  of  diabetic  retinitis  Nettleship  found  a hyalin 
degeneration  of  the  intmia  ir  the  small  arteries  of  the  retina,  the  brain, 
kidneys,  etc.  All  the  layers  of  the  retina,  and  particularly  the  nerve-fibre 
layer,  were  thickened  by  chronic  edema  and  hypertrophy  of  the  supportive 
connective  tissue.  The  nerve-fibre  layer  showed  varicosities,  and  the  small 
retinal  arteries  presented  miliary  aneurisms.  Von  Michel  has  reported 
glycogenic  degeneration  of  the  retina  in  diabetes. 

Dj4lCMOs;s. — Frequently  the  diagnosis  cannot  be  made  with  the  oph- 
thalmoscope alone.  An  examination  of  the  urine  will  reveal  the  true  nature 
of  the  -ase.  Specific  chorioidoretinitis  and  retinitis  punctata  albescens  may 
CcUSt  cjnfusion.  Attention  to*  the  general  symptoms  of  the  patient  and 
repeated  examinations  of  the  urine  may  be  required  to  clear  the  diagnosis. 
The  ophthalmoscopic  differences  between  diabetic  and  albuminuric  retinitis 
have  been  tabulated  by  Dodd,  as  follows : — 
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Diseases  of  th.B  Retina. 


Fig.  1,— DiabBtia  Rstlaltls. 


-Fig.  2.— iUbuminuxli  I -P*-I”iiti3.  (Balcar.) 
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Diabetic  Retinitis. 

1.  Groups  of  bright,  glancing  spots  in 

the  retina,  irregular  in  outline, 
usually  in  the  central  part,  but 
frequently  affecting  the  whole  of 
the  fundus. 

2.  If  the  spots  are  large  there  still  exist 

small  dots  and  lines,  and  they  never 
run  together. 

3.  The  arteries  and  veins  are  not  much 

changed  in  appearance. 

4.  The  optic  nerve  is  either  not  affected 

or  is  atrophic. 

5.  The  retina  is  not  diffusely  affected. 


Albuminuric  Retinitis. 

1.  At  first  a group  of  bright,  bluish- 

white  spots  is  present  in  the  centre 
of  the  retina,  often  forming  a stel- 
late patch  about  the  macula. 

2.  The  spots  may  run  together  and 

involve  all  of  the  central  part  of 
the  retina. 

3.  The  arteries  are  narrowed;  the  veins 

are  large  and  irregular. 

4.  The  optic  nerve  is  swollen  and  its 

outline  is  indistinct. 

5.  The  retina  is  infiltrated. 


Prognosis. — As  a rule,  retinitis  is  a late  and  serious  symptom  in 
diabetes.  While  the  retinal  affection  probably  never  causes  complete  blind- 
ness, except  when  glaucoma  follows  the  hemorrhagic  form,  yet  there  is 
considerable  loss  of  vision  and  the  outlook  for  improvement  is  not  favor- 
able. While  it  is  nearly  always  binocular,  one  eye  may  progress  much  more 
rapidly  than  the  other.  In  the  hemorrhagic  glaucoma  of  diabetes  the 
prognosis  is  most  unfavorable. 

Treatment. — This  is  simply  the  treatment  of  the  general  condition, 
and  is  sufficiently  explained  in  works  on  the  practice  of  medicine. 

Albuminuric  Retinitis  (Bright’s  Retinitis;  Renal  Vascular  Retinitis; 
Retinitis  Gravidarum)  .—In  1827  Bright  called  attention  to  the  loss  A 
vision  accompanying  renal  diseases;  in  1856  the  retinal  changes  were  first 
observed  in  the  living  eye  by  Heymann;  and  in  1859  Liebreich  gav?  _n 
accurate  description  and  an  ophthalmoscopic  picture  of  the  fundus  changes 
of  albuminuric  retinitis. 

Etiology.— Of  935  cases  of  kidney  disease,  tabulated  by  Groenouw 
and  TJhtboff,  albuminuric  retinitis  was  present  in  209;  or  12 A per  cent.; 
Wagner  met  it  in  6 per  cent,  of  his  cases,  while  in  Galezowski’s  cases  31 
per  cent,  showed  albuminuric  retinitis.  While  the  disease  has  been  ob- 
served a few  times  in  children,  as  a rule  the  patients  are  over  40  years 
of  age,  and  the  majority  are  between  40  end  50  years  old.  Men  are  more 
frequently  affected  than  women  in  the  proportion  of  about  7 to  3.  As 
regards  the  form  of  kidney  lesion  v resent  in  albuminuric  retinitis,  the 
small  contracted  kidney  is  the  most-  frequent;  chronic  diffuse  parenchyma- 
tous nephritis  (large  white  kidney ) forms  a close  second ; the  nephritis  of 
scarlatina  is  third;  and  the  least  frequent  are  the  rare  cases  of  amyloid 
degeneration.  As  a rule,  both  eyes  are  involved  in  the  retinal  changes,  and 
it  rarely  happens  that  tin  second  eye  remains  entirely  well  for  the  period  of 
a year. 

According  te  Poiter,  in  the  majority  of  cases  of  renal  disease  there  is 
no  disease  of  the  ictina;  and  a majority  of  renal  cases  showing  retinal 
changes  also  show  changes  in  the  blood-vessels.  He  concludes  that  the  eye 
disease  dees  r.ot  depend  so  much  on  the  existence  of  the  renal  affection  as 


506 


MODERN  OPHTHALMOLOGY. 


on  the  fact  that  the  vessels  are  diseased.  Almost  without  exception  the 
eases  of  albuminuric  retinitis  which  he  observed  were  found  in  syphilitics. 
Owing  to  vascular  changes  incident  to  syphilis,  hemorrhages  and  fatty 
degenerations  are  to  be  expected  in  the  retina.  In  nearly  four  thousand 
post-mortem  examinations  he  has  never  seen  one-sided  nephritis.  Some 
foreign  authors  have  contended  that  in  unilateral  albuminuric  retinitis  only 
one  kidney  is  diseased. 

Symptoms.— Persons  with  nephritis  often  complain  of  morning  head- 
ache, nausea,  vomiting,  etc.  The  defect  of  vision  is  an  early  symptom,  but 
comes  with  a late  stage  of  the  renal  disease,  and  often  with  a dilated  left 
cardiac  ventricle.  Albuminuric  retinitis  comes  after  vascular  tension  has 
been  long  increased  and  elimination  begins  to  fail,  and,  although  appearing 
as  a late  sign,  it  is  often  the  first  symptom  which  leads  to  a correct  diagnosis. 

The  ophthalmoscopic  signs  of  albuminuric  retinitis  include  vascular 
changes,  hemorrhages,  white  spots,  exudations,  and  optic  neuritis  (Fig.  2, 
Plate  XVIII) . These  changes  are  found  chiefly  in  the  posterior  pole.  The 
optic-nerve  head  is  reddened,  its  boundaries  are  ill  defined,  the  vein',  are 
broadened  and  tortuous,  and  the  arteries  are  narrowed.  The  retina  at  out 
the  papilla  looks  grayish  and  opaque,  and  small  hemorrhages  art  visible. 
The  arteries  often  show  white  streaks  on  both  sides  of  the  reel  b mod-column. 
In  some  cases  papillitis  occurs  either  in  the  beginning  of  the  ocular  disease 
or  long  after  the  appearance  of- the  retinal  changes' m -nt  oned  above.  In 
these  cases  probably  there  is  often  a coexistent  bra1..  It" ion  with  increased 
intracranial  pressure,  and  a fatal  result  is  to  bo  expected.  Papillitis,  how- 
ever, can  occur  in  albuminuric  retinitis  without  bra  n-lesion. 

If,  as  is  often  the  case,  the  preliminary  stage  of  hyperemia  is  absent 
or  is  not  observed,  glittering  white  patches  form  the  first  sign  in  the 
retina.  They  are  often  arranged  in  g-oups  surrounding  the  papilla  like 
a ring  and  coalescing  form  large  white  spots.  The  inexperienced  observer 
may  mistake  this  condition  for  ''ypqie  nerve-fibres  in  the  retina.  Both 
present  large  white  plaques  parsing  from  the  papilla,  but  in  the  congenital 
condition  (opaque  nerve-fibres)  signs  of  inflammation  are  absent.  The 
exudation  of  a recent  morioiaitis  is  to  be  distinguished  from  albuminuric 
retinitis  by  the  less  brilliant  whiteness  of  the  patches,  and  by  the  fact  that 
they  are  accompanied  by  vitreous  opacities  and  pigment  collections,  while 
hemorrhages  arp  absent.  In  the  macular  region  the  white  spots  frequently 
form  a stella^  figure.  Hemorrhages  are  found  in  great  variations.  In  some 
rare  instances  the  retinal  change  is  present  as  a retinitis  hemorrhagica,  and 
the  white  spots  are  either  entirely  absent  or  are  present  in  small  numbers. 
In  other  rare  cases  the  spots  are  found  in  the  chorioid  as  well  as  in  the 
retina,  and  pigmentation  is  present.  These  are  cases  of  primary  inflam- 
n at.on  of  the  uveal  tract.  The  frequency  of  involvement  of  different 
portions  of  the  retina  has  been  estimated  by  Schlesinger.  He  found  hem- 
orrhages and  typical  lesions  in  77  per  cent,  of  all  cases  of  albuminuric  reti- 
nitis, white  spots  alone  in  14  per  cent.,  and  involvement  of  the  papilla  alone 
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in  7 per  cent.  The  ophthalmoscopic  picture  is  thoroughly  typical  when 
both  the  disseminated  white  spots  and  the  stellate  figure  at  the  macula  are 
present,  but  an  exactly  similar  picture  is  sometimes  seen,  together  with 
papillitis,  in  some  cases  of  sarcoma  of  the  brain  without  kidney-lesions. 
According  to  Laqueur,  the  same  is  true  of  some  cases  of  diabetes  mellitus, 
and  also  of  patients  whose  urine  never  contained  albumin.  A similar 
picture  may  be  found  in  poisoning,  anemia,  and  syphilis.  The  white 
stellate  figure  at  the  macula  is  not  always  characteristic  of  kidney-lesion. 
On  the  one  hand,  it  may  be  absent  in  albuminuric  retinitis,  and,  on  the 
other,  it  is  sometimes  seen  in  cases  where  albumin  is  never  present  in  the 
urine. 

The  visual  disturbances  of  this  disease  comprise  a greater  or  less  loss 
of  visual  acuity,  without,  as  a rule,  contraction  of  the  field  of  vision  and 
without  loss  of  the  color-  and  light-  senses.  Central  scotoma  is  often  pres- 
ent. The  loss  of  vision  is  usually  slow,  rarely  rapid,  complete  blindness  being 
seldom  observed.  If  it  suddenly  occurs  in  both  eyes,  it  is  suggestive  of 
uremic  amaurosis ; if  unilateral  blindness  or  great  loss  of  vision  occurs 
rapidly,  the  case  is  likely  one  of  embolism  of  the  central  retinal  artery. 

Albuminuric  retinitis  may  show  improvement  or  even  complete  cure, 
but  many  patients  die  before  the  retinal  disease  undergoes  retrogressive 
changes.  If  the  kidney-lesion  improves,  the  surgeon  may  hope  for  improve- 
menHn  the  ocular  condition.  In  some  c&ses  the  retina  improves  regardless 
of  the  extension  of  the  renal  affection.  Retinal  improvement,  whet  it 
occurs,  is  slow,  and  the  stellate  appearance  of  the  macula  is  the  1.  st  to 
disappear.  The  optic-nerve  head  may  become  whitish  and  atrophic  end 
useful  vision  may  remain.  Some  cases  show  alternating  loss  >nd  improve- 
ment of  vision  for  a long  period.  Complete  blindness  as  r result  of  this 
disease  is  extremely  rare.  Complications  are  not  common,  and  include 
detachment  of  the  retina,  hemorrhage  into  the  vitreous  b.n  or,  hemorrhagic 
glaucoma,  and  embolism  of  the  central  retinal  arten 

Pathology. — The  anatomic  changes  in  albuminuric  retinitis  are  found 
chiefly  in  the  posterior  pole,  rarely  reaching  forward  as  far  as  the  equator, 
and  never  involving  the  ora  serrata.  They  corc:st  of  edema  and  inflamma- 
tory deposits.  The  edema  accounts  for  the  difluse  cloudiness  which  is  visible 
ophthalmoscopically.  The  blood-vesse'",  not  only  of  the  retina,  but  also 
of  the  uveal  tract,  frequently  sh ct'  sclerotic  or  hyalin  changes  in  their 
walls.  The  radial  fibres  of  Muller  undergo  proliferation,  and  their  inter- 
stices are  filled  with  a fibrinous  deposit.  In  the  retinitis  albuminurica  of 
pregnancy  changes  in  the  rthnal  vessels  are  occasionally  absent  (Silex). 

Hemorrhages  occur  into  the  retina  and  at  times  break  through  into  the 
vitreous  humor.  The  w.rite  spots,  which  are  visible  with  the  ophthalmo- 
scope, depend  on.  granular  or  fatty  degeneration  of  the  supporting  tissue 
(Duke  Carl  Tleodor,  Leber) ; upon  fatty  degeneration  of  cells,  particu- 
larly in  the  fw<  granular  layers;  or  upon  the  presence  of  foci  of  varicose 
hypertrophied  nerve-fibres.  The  stellate  figure  in  the  macular  region  de- 
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pends  chiefly  upon  fatty  degeneration  of  Muller’s  supporting  fibres,  which 
radiate  from  the  fovea  centralis,  and  here  do  not,  as  in  other  places,  push 
through  the  retina.  Weeks'  questions  this  explanation.  His  researches 
lead  him  to  believe  that  the  changes  in  Muller’s  fibres  are  due  to  post- 
mortem alterations.  The  chorioid  on  microscopic  examination  shows  simi- 
lar changes,  viz. : lesions  of  the  vessels  and  inflammatory  changes. 

In  the  optic  nerve,  together  with  hypertrophy  of  the  connective  tissue, 
there  is  edema  or  pronounced  inflammation.  Generally  the  inflammatory 
changes  involve  oily  the  papilla  and  end  at  the  lamina  cribrosa,  without 
further  extension  centrally.  Gurwitsch  found  hyalin  bodies  in  the  head 
of  the  optic  nerve  and  in  the  granular  layer  of  the  retina. 

The  cause  of  retinal  detachment  in  albuminuric  retinitis  is  explained 
by  Leber  and  Nordensen  in  this  manner:  the  small  elevations,  especially 
around  the  papilla,  depend  on  a primary  exudation  into  the  subretinal 
space,  while  further  detachment  can  be  attributed  to  shrinking  of  the 
vitreous  humor. 

Diagnosis. — In  typical  cases  the  diagnosis  of  albuminuric  re+iritis 
is  not  difficult,  but  it  must  be  remembere.d  that,  while  the  ophthalmo- 
scopic picture  is  highly  suggestive,  it  is  not  pathognomonic,  similar  fundus 
changes  being  met  with  in  rare  instances  in  cases  of  intracranial  tumor, 
lead  encephalopathy,  pachymeningitis  hemorrhagica,  anemia,  syphilis,  and 
diabetes  mellitus. 

Tumor  of  the  Brain , as  a rule,  is  easily  distinguishable  from  Bright’s 
disease.  However,  in  some  cases  of  cirrhotic  hidn’j  there  is  little  or  no 
dropsy,  headache  and  vomiting  are  often  promn  ^t  and  distressing  symp- 
toms, and  pain  may  be  most  severe  in  the  back  of  the  head ; epileptiform 
convulsions  and  even  hemiplegia  may  be  present,  while  the  ophthalmo- 
scopic changes  may  be  similar  to  those  ±>  und  in  cerebral  tumor. 

In  the  differential  diagnosis  it  ,:nl  be  necessary  to  give  attention  to 
the  following  points : — 

1.  The  condition  of  tht  unne.  While  the  finding  of  albumin  and 
tube-casts  will  clear  the  diagnosis,  in  some  cases  of  cirrhotic  nephritis 
albumin  may  be  scanty  ir  entirely  absent  and  tube-casts  may  be  so  few  as  to 
escape  detection. 

2.  Condition  of  the  heart  and  great  vessels.  In  all  forms  of  Bright’s 
disease,  except  possib  ly  in  the  pure  form  of  waxy  kidney,  the  blood-pressure 
is  high,  the  arteries  are  atheromatous,  and  the  left  ventricle  is  hyper- 
trophied. In  +he  absence  of  a valvular  lesion  these  symptoms  are  highly 
suggest!  re  of  renal  disease. 

3 Ophthalmoscopic  changes.  “The  ophthalmoscopic  changes,  per  se, 
cau  ii^  er  be  taken  as  an  absolutely  certain  guide,  for  the  appearances 
typical  of  one  condition  are,  in  some  rare  and  exceptional  cases,  met  with 
:u  the  other.”  (Bramwell.) 

Saturnine  While  in  most  cases  of  chronic  lead  poisoning 

(which  may  present  ophthalmoscopic  changes  similar  to  those  of  albu- 
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minuric  retinitis)  albuminuria  is  present,  exceptional  cases  have  been 
observed  by  Forster,  Kosenstein,  and  Lehmann.  . The  diagnosis  between 
albuminuric  and  saturnine  retinitis  must  rest  on  the  following  data:  (1) 
the  history  of  the  case  with  special  reference  to  the  patient’s  occupation; 
(2)  the  presence  of  a blue  line  on  the  gums  in  case  of  lead  poisoning;  (3) 
the  finding  of  lead  in  the  urine. 

Anemia  and  Syphilis. — In  cases  of  these  diseases  presenting  ophthal- 
moscopic appearances  similar  to  those  found  in  albuminuric  retinitis,  the 
diagnosis  may  be  established  by  an  examination  of  the  blood  in  the  one  and 
by  the  history  and  lesions  of  the  other. 

The  ophthalmoscope  cannot  always  make  a distinction  between  albumi- 
nuric retinitis  and  the  retinitis  associated  with  diabetes.  Here  an  examina- 
tion of  the  urine  will  give  correct  information.  Cases  of  hysteric  blindness 
occurring  during  the  puerperium,  especially  if  a trace  of  albumin  is  present, 
may  cause  difficulty  in  diagnosis.  Here,  however,  there  will  be  an  absence 
of  ophthalmoscopic  changes.  In  all  cases  of  suspected  albuminuric  reti- 
nitis repeated  examinations  of  the  urine  should  be  made  for  albumin  and 
casts.  In  case  a mydriatic  is  used  to  facilitate  the  ophthalmoscopic  examina- 
tion, the  surgeon  should  use  euphthalmin  or  homatropin,  since  their  effect 
lasts  only  a short  time.  If  atropin  is  used  and  the  patient  suffers  further 
diminution  of  vision  from  progression  of  the  disease,  the  surgeon  may  be 
unjustly  blamed  for  the  loss  of  sight. 

Prognosis. — Albuminuric  retinitis  is  an  indication  of  a serious  und°r 
lying  condition,  and  its  appearance  usually  indicates  the  early  death  o'  the 
patient.  The  prognosis  is  most  unfavorable  in  chronic  nephritis;  it  is 
more  favorable  in  acute  nephritis  and  relatively  most  favo-ablt,  ;a  the 
albuminuria  of  pregnancy.  Probably  85  per  cent,  of  all  persons  with 
albuminuric  retinitis  die  within  two  years.  A few  live  for  three,  four,  five, 
or  six  years,  and  exceptional  cases  have  survived  for  teo  cr  twelve  years. 
The  social  status  and  hygienic  surroundings  have  an  iificence  on  the  dura- 
tion of  these  cases,  the  poor  dying  sooner  than  the  ' wealthy. 

The  Retinitis  Albuminurica  of  Pregnancy  presents  many  peculiarities, 
on  which  account  it  must  be  considered  alone.  C omprehensive  descriptions 
of  this  disease  have  been  given  by  Axei^eW  and  Silex.  The  latter  ob- 
served thirty-five  cases  in  seven  years  In  this  disease  the  loss  of  vision 
appears  slowly  in  the  course  of  weeks  rnd  months,  and  chiefly  in  primiparse 
and  in  the  latter  half  of  pregnancy.  Exceptionally  the  retinitis  may  appear 
first  in  childbed.  Visual  acuity  diminishes  gradually  in  both  eyes  without 
contraction  of  the  visual  fieid,  and  without  loss  of  the  color-sense.  Some- 
times complete  amaurosis  occurs,  particularly  if  eclamptic  seizures  accom- 
pany the  disease.  Thib  > lindness  is  traceable  to  uremia,  and  usually  dis- 
appears. It  is  only  when  complications  occur,  such  as  detachment  of  the 
retina,  that  vision  can  be  completely  lost.  In  subsequent  pregnancies  mild 
recurrences  a :e  tne  rule,  by  each  of  which  a further  loss  results.  Dis- 
turbance ci  die  general  health  may  be  absent;  only  edema  is  present. 
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The  ophthalmoscopic  signs  are  the  same  as  those  found  in  albuminuric 
retinitis  from  other  causes.  As  an  early  symptom  Silex  mentions  a change 
in  the  central  reflex  streak  of  the  arteries,  which,  in  the  upright  image, 
appears  broadened  and  of  a glistening  golden  yellow.  Yet  this  phe- 
nomenon, as  Silex  especially  states,  is  found  also  in  sy'philis  and  in  arterio- 
sclerosis, and  hence  is  not  characteristic  of  the  albuminuric  retinitis  of 
pregnancy.  The  changes  in  the  vascular  reflex  are  attributed  to  an  en- 
gorgement in  the  lymph-sheaths  of  the  blood-vessels. 

Eetinitis  gravidarum  appears,  according  to  Groenouw : — 

1.  In  the  pregnancy  kidney,  in  which  there  is  fatty  degeneration  of 
the  epithelium  of  the  uriniferous  tubules.  The  urine  in  these  cases  is 
passed  in  diminished  quantity  and  is  of  dark  color.  It  is  strongly  albu- 
minous, showing  hyalin,  rarely  granular,  casts,  with  fatty  degeneration  of 
the  epithelial  cells.  The  disease  occurs  in  from  1 to  20  per  cent.  Eetinitis 
albuminurica,  according  to  Silex,  occurs  about  once  in  three  thousand 
pregnancies.  Thompson  found,  among  thirty  cases  of  retinitis  albuminu- 
lica  observed  by  himself,  four  that  were  due  to  pregnancy. 

Furthermore,  albuminuric  retinitis  can  occur : — 

2.  If  an  acute  nephritis  accidentally  originates  during  pregnancy  or 
finally : — 

3.  If  an  old  chronic  nephritis  becomes  unfavorably  influenced  by 
pregnancy.  In  the  two  examples  last  named,  pregnane]  is  not  the  cause, 
but  is  only  a complication,  of  the  kidney  affection.  Th-  pathologico-ana- 
tomie  findings  in  the  albuminuric  retinitis  of  pregnancy  are  the  same  as 
those  found  in  other  instances,  only  involveme.it  of  the  vessels  is  either 
entirely  absent  or  is  insignificant. 

The  prognosis  as  regards  life  and  vision  in  cases  of  albuminuria  is 
most  grave  when  a chronic  nephritis  exists,  since  most  of  these  patients 
die  within  two  years;  it  is  better  in  acme  nephritis,  since  complete  cure 
of  the  eye  and  kidney  symptoms  may  occur;  and  is  most  favorable  in 
pregnancy  kidney  (albuminuna  Ine  to  pressure).  Of  twenty-one  cases 
of  retinitis  gravidarum,  Silex  saw  a complete  disappearance  of  the  retinal 
changes  in  two  cases;  the  other  cases  presented  permanent  retinal  changes 
either  in  the  form  of  small  white  spots  or  as  pigment  degeneration  in  the 
macular  region.  Peroistent  loss  of  vision  points  to  a complication,  such  as 
retinal  detachment  or  atrophy  of  the  optic  nerve.  Partial  atrophy  of  the 
optic  nerve  was  cbs<rved  by  Forster  in  three  of  four  women  with  retinitis 
gravidarum  wro  were  delivered  during  eclampsia. 

If,  however,  premature  labor  is  induced,  the  prognosis  is  much  more 
favorable  os  regards  vision.  Without  the  induction  of  premature  labor 
the  prognosis  is  most  serious.  Howe,  in  an  analysis  of  cases  extending  over 
a temd  of  fifteen  years,  says:  “These  tend  to  show  that,  when  the  vision 
begins  to  be  impaired  only  in  the  last  two  weeks  of  pregnancy,  recovery 
follows  almost  invariably.  Of  those  described  as  being  in  the  eighth  month 
or  thereabouts,  when  the  retinitis  commences,  not  one-half  recovered  and 
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several  did  not  materially  improve.  Again,  when  this  began  earlier  than 
was  estimated, — as  the  middle  of  the  seventh  month,  when  Nature  did 
not  interfere  by  bringing  on  a miscarriage,  and  when  the  patient  escaped 
with  her  life, — it  was  only  to  remain  blind  forever  afterward.” 

Treatment. — The  treatment  of  retinitis  albuminurica  must  be  gov- 
erned by  the  fundamental  disease.  Sudorific  and  purgative  treatment  will 
be  in  order.  A long-continued  use  of  potassium  iodid,  citric  acid,  and 
similar  remedies  has  proved  of  value.  The  diet  should  be  nutritious  but 
non-stimulating,  milk  diet  being  preferred.  The  patient’s  strength  should 
be  kept  up  by  preparations  of  iron.  If  the  cause  of  the  kidney-lesion  can 
be  determined, — such  as  malaria,  syphilis,  or  lead  poisoning, — it  should 
receive  appropriate  treatment.  The  use  of  mercurials,  however,  must  be 
carefully  watched  lest  harm  result.  Cupping  may  be  used,  but  is  of  doubt- 
ful value.  The  use  of  alcohol,  coffee,  tea,  and  tobacco  is  to  be  interdicted. 
To  improve  the  retinal  circulation  efforts  to  reduce  intra-ocular  tension 
by  means  of  instillations  of  1-per-cent,  strength  solution  of  pilocarpin  or 
1 /2-per-cent.  strength  solution  of  eserin  may  be  tried. 

The  albuminuria  of  pregnancy  demands  careful  attention  from  the 
family  physician.  The  question  whether  premature  labor  should  be  induced 
should  receive  careful  consideration.  Many  surgeons  believe  that  where 
there  is  progressive  failure  of  vision  from  retinal  changes  premature  labor 
is  justifiable ; and,  when  a preceding  pregnancy  has  left  the  patient  with 
permanent  loss  of  vision,  abortion  should  be  produced. 

Gouty  Retinitis. — Elderly  subjects  with  the  gouty  diathesis  often 
present  lesions  of  the  retina  and  retinal  vessels.  There  is  usual  iy  pro- 
gressive impairment  of  vision  of  both  eyes.  Bull  states  that  while  he  loss 
of  central  vision  is  marked,. peripheral,  vision  is  little  impaired,  end  gouty 
retinitis  never  ends  in  blindness.  Ophthalmoscopic  examii  at  on  shows 
patches  of  yellowish-white  exudation  in  the  macular  region  and  adjacent 
to  the  optic  disc;  hemorrhages,  which  occur  for  the  mosi  nart  in  the  early 
stages  of  the  disease;  opacity  and  thickening  of  the  vessel-walls ; and 
irregularity  in  the  calibre  of  the  arteries  and  veios.  These  patients  show 
general  arterial  sclerosis.  The  urine  is  of  high  t pecific  gravity.  It  con- 
tains an  excess  of  uric  acid  and  some  albumin,  but  no  casts  are  found  in 
uncomplicated  cases.  The  ophthalmoscopic  picture  is  not  sufficiently  char- 
acteristic for  diagnosis,  which,  howernr,  can  be  readily  determined  by 
exclusion.  The  pathologic  changes  n his  disease  include  extensive  arterio- 
sclerosis and  phlebosclerosis,  w.th  obliteration  of  the  smaller  arterial 
branches;  degeneration  of  the  retinal  layers  and  particularly  thickening 
of  the  nerve-fibre  layer  of  the  retina  from  the  presence  of  granular  bodies; 
varicosities  of  nerve-fib^  and  changes  in  the  chorioidal  vessels  similar 
to  those  found  in  the  retina.  The  prognosis  is  usually  favorable  as  regards 
the  retention  of  the  amount  of  vision  existing  at  the  time  of  examination, 
but  much  dep;r.Js  upon  the  willingness  of  the  patient  to  adopt  dietetic 
and  medicina  treatment.  Many  of  these  patients  die  from  cerebral  hemor- 


512 


MODERN  OPHTHALMOLOGY. 


rhage.  The  ocular  treatment  will  include  rest  and  the  wearing  of  proper 
glasses.  The  general  treatment  is  sufficiently  described  in  works  on  the 
practice  of  medicine. 

Symmetrical  Macular  Changes  in  Infancy  (Infantile  Amaurotic 
Family  Idiocy ; “Rare  Fatal  Disease  of  Infancy  with  Symmetrical  Changes 
in  the  Macula  Lutea,”  Kingdon). — In  1881  Waren  Tay  reported  the  case 
of  a child,  aged  12  months,  who  was  mentally  deficient  and  who  presented 
symmetrical  changes  in  the  macula.  When  first  examined  the  optic  discs 
were  normal,  while  at  the  macula  there  was  a diffuse  white  plaque,  in  the 
centre  of  which  a brownish-red  spot  stood  out,  thus  resembling  the  ophthal- 
moscopic picture  of  embolism  of  the  central  retinal  artery.  Five  months 
later  the  spots  remained  the  same,  but  the  optic  discs  were  atrophic. 
Since  Tay’s  observation  about  seventy  cases  have  been  reported.  The  chil- 


dren are  born  healthy  it  the  end  of  several  months  sluggishness  and 
somnolence  are  not'ced  there  is  gradual  loss  of  vision;  the  child  makes 
irregular  and  purposeless  movements;  it  is  unable  to  hold  itself  erect;  the 
indications  of  weakness  increase,  and  the  end  is  death  by  marasmus.  Only 
one  case  is  known  to  have  lived  longer  -than  two  years.  The  ophthalmo- 
scopic pkcure  as  described  above  is  always  present,  and  in  addition  thereto 
some  c^sos  show  nystagmus,  strabismus,  or  oculomotor  paralysis.  The  eti- 
ology ct  the  disease  is  unknown,  but  most  of  the  recorded  cases  have 
occurred  in  Jews  or  Poles.  Pathologic  studies  by  Sachs,  Hirsch,  and 
etners  have  not  determined  the  nature  of  the  disease.  Sachs,  in  his  first 
case,  found  the  cerebral  fissures  uncommonly  pronounced,  and  the  cerebrum 
resembled  that  found  in  a lower  order  of  development.  While  the  chiasma, 
pons,  and  medulla  and  great  ganglia  were  normal,  the  great  pyramidal 
cells  were  lacking  or  were  markedly  degenerated  in  the  cortex.  Changes 
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were  also  found  in  the  spinal  cord  and  retina.  Holden  found  degeneration 
of  the  ganglion-cells  of  the  retina.  Sachs  has  recently  examined  another 
case.  This  showed  some  deficiency  in  the  development  in  the  cerebral 
white  fibres  and  degeneration  of  the  pyramidal  tracts  in  the  spinal  cord. 
While  there  was  an  increase  in  the  neuroglia-cells,  the  most  marked  change 
was  found  in  the  large  ganglion-cells  of  the  entire  nervous  axis.  The 
cells  showed  disintegration,  shifting,  or  entire  absence  of  the  nucleus,  and 
the  formation  of  pericellular  spaces.  Sachs  regards  the  changes  as  due  to 
an  arrest  of  development,  while  Kingdon  and  Russell  look  on  them  as  due  to 
a degenerative  process.  Hirsch  regards  the  disease  as  an  acquired  affection 
involving  the  nerve-cells  of  the  entire  system,  produced  by  some  kind  of 
toxic  agent.  Treatment  of  this  disease  must  be  wholly  symptomatic. 

Retinitis  Circinata  (Circinate  Retinitis)  .—This  rare  form  of  retinitis 
was  first  accurately  described  by  Fuchs  in  1893,  who  observed  it  in  12  of 
70,000  patients.  It  is  characterized  by  the  appearance,  in  the  macular 
region,  of  a circular  or  oval  zone  of  yellowish-white  exudation,  which, 
with  indented  edges  and  pigmented  borders,  often  resembles  a wreath  (Fig. 
2,  Plate  XIX).  Often  the  macula  itself-  is  diseased,  showing  irregular 
pigment  patches  resting  on  areas  of  yellow  exudate.  The  retinal  vessels 
pass  over  the  circinate  deposits.  The  remainder  of  the  fundus  is  normal. 
Vision  is  gradually  reduced  in  these  cases,  and  the  visual  field  is  slowly 
limited.  A central  scotoma  is  present;  the  light-sense  is  unaltered;  meta- 
morphopsia,  night-blindness,  and  day-blindness  are  absent.  The  disease 
is  eminently  chronic,  and  the  ophthalmoscopic  picture  may  remain  un- 
changed for  years.  On  the  other  hand,  de  Wecker  has  observed  new  hemor- 
rhages with  the  formation  of  new  white  spots.  In  Fridenberg’s  cvse  new 
vessels  formed  in  the  retina.  De  Wecker  saw  circinate  retindis  in  one 
eye  and  hemorrhagic  retinitis  in  the  other  of  an  aged  diabetic  subject. 
Vitreous  opacities  of  various  sizes,  retinal  detachment,  and  thickening  of 
the  retina  at  the  macular  region  have  been  observed  in  these  cases. 

Etiology  and  Pathology. — The  etiology  of  circinate  retinitis  is  un- 
known. The  disease  seems,  however,  to  depend  on  arterial  sclerosis. 
Syphilis  may  be  an  etiologic  factor.  The  age  of  the  accurately  recorded 
cases  has  varied  from  6 to  77  years.  The  disease  has  been  seen  more  often 
in  women  than  in  men.  In  5 of  the  12  cases  observed  by  Fuchs  the 
changes  were  symmetrical;  in  7 only  one  eye  was  affected. 

Fuchs  regarded  the  white  patches  is  fibrinous  exudates  into  the  deeper 
parts  of  the  retina.  De  Wecker  attributed  the  changes  to  fatty  degenera- 
tion, the  result  of  hemorrhages.  Ammann,  after  having  made  the  ana- 
tomic examination  of  an  eye  which  at  one  time  presented  a typical  picture 
of  retinitis  circinata,  concluded  that  the  white  spots  are  brought  about 
by  fat-cell  clusters  stiae.it  'o  hemorrhages. 

Diagnosis. — The  ophthalmoscopic  picture  is  so  typical  that  the  diag- 
nosis should  not  present  much  difficulty.  However,  de  Wecker  has  called 
attention  to  the  danger  of  mistaking  this  disease,  when  it  occurs  in  chil- 
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dren,  for  neuroepithelioma  of  the  retina.  He  cites  the  case  of  a girl,  6 
years  of  age,  from  whom  .a  confrere  removed  an  eye  which  for  two  years  had 
presented  lesions  resembling  neuroepithelioma  of  the  retina.  Examina- 
tion showed  the  presence  of  plaques  of  atrophied  chorioid  and  degenerated 
retina,  as  well  as  a small  ossifying  fibroma. 

Prognosis. — Although  the  disease  is  incurable,  in  none  of  the  re- 
corded cases  has  the  patient  become  entirely  blind. 

Treatment. — In  a few  cases  improvement  has  followed  the  use  of 
mercury,  the  iodids,  and  iron  preparations.  Subconjunctival  injections  of 
sodium  chlorid  and  pilocarpin  have  been  advised. 

Retinitis  from  Exposure  to  Excessive  Light. — Conjunctivitis,  kera- 
titis, and  retinitis  may  be  produced  by  exposure  to  excessive  light,  either 
from  looking  at  the  sun  (solar  retinitis),  from  reflection  from  the  snow 
(snow-blindness),  from  the  injurious  etfect  of  electric  light  (electric 
ophthalmia),  or  from  a flash  of  lightning.  Radium  emanations  may  cause 
retinitis  and  atrophy  of  the  globe ; and  x-ray  exposures  may  produce  changes 
in  the  optic  nerve  and  retina. 

Solar  Retinitis. — Blinding  of  the  retina  from  looking  at  lb?  sun 
has  occurred  in  a number  of  cases,  chiefly  from  the  observation  of  solar 
eclipses.  The  patient  will  show  a central  scotoma  (which  may  bf  absolute), 
defective  color  vision,  metamorphosia,  and  reduced  acuitj  01  vision.  The 
duration  and  extent  of  these  symptoms  will  depend  upon  the  length  of 
exposure  and  the  intensity  of  the  sunlight.  Ophthaiumseopic  changes  may 
be  absent,  or  may  include  loss  of  the  macular  r^fle.%  the  presence  of  a small 
spot  of  an  orange  color  near  the  fovea,  witl  alt 'rations  in  pigmentation. 
The  prognosis  in  solar  retinitis  must  be  guarded.  Severe  cases  do  not 
improve.  Swanzv  states  that  hitherto  no  case  in  which  vision  was  reduced 
to  less  than  one-third  has  recovered  full  visual  acuity.  The  treatment  will 
include  rest,  the  wearing  of  dark  glasses,  the  hypodermic  injection  of 
strychnia,  and  the  use  of  the  cou stent  galvanic  current. 

Snow-blindness. — Exposure  of  the  eyes  to  the  reflection  from  snow 
causes  ocular  changes,  and  may  lead  to  permanent  blindness.  Usually, 
however,  the  lesions  rue  limited  to  the  conjunctiva  and  cornea.  There  is 
intense  photophobia,  blc  pharospasm,  and  sometimes  chemosis,  together 
with  the  ordinary  evidences  of  conjunctivitis.  The  cornea  may  present 
dendriform  ulceration.  Some  cases  complain  of  the  sensation  of  a foreign 
body  in  the  con  unctiva.  Noyes  states  that  the  retina  may  be  anesthetic 
or  hyperes  hetic.  The  prognosis  is  favorable.  The  treatment  includes 
rest,  the  taring  of  smoked  glasses,  the  use  of  liolocain  drops,  and  cold 
applications. 

Electric  Ophthalmia. — Exposure  to  flashes  of  electric  light,  during 
ekctiic  welding  or  from  the  short-circuiting  of  the  current,  may  produce 
conjunctival,  corneal,  and  retinal  changes.  The  same  changes  may  be 
found  in  electricians  who  use  a strong  arc  light.  In  a few  minutes,  or 
perhaps  several  hours  after  exposure,  the  patient  will  complain  of  burning 
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pain  in  the  eyes,  photophobia,  blepharospasm,  swelling  of  the  lids,  and 
perhaps  reduction  in  vision.  The  pupil  is  strongly  contracted.  Ihese 
symptoms  are  followed  by  a muco-purulent  conjunctival  discharge.  Exam- 
ination may  show  contraction  of  the  field  of  vision,  the  presence  of  a small 
scotoma,  congestion  of  the  retinal  veins,  and  slight  haziness  of  the  retina. 
Rivers  saw  a case  in  which  there  was  exfoliation  of  the  corneal  epithelium 
and  retinal  opacity  with  great  reduction  in  visual  acuity.  The  patient’s 
face  and  eyebrows  were  burned. 

While  the  prognosis  is  usually  favorable  in  these  cases,  in  the  severer 
types  of  injury  there  may  be  permanent  reduction  in  visual  acuity,  and 
pain  and  photophobia  may  be  of  long  duration.  Usually  rest,  the  wearing 
of  dark  glasses,  and  the  use  of  atropin  will  be  followed  by  an  early  recovery. 
Pain  in  the  acute  stage  may  be  relieved  by  the  instillation  of  holocain  and 
the  application  of  cold  compresses. 

Punctate  Conditions  of  the  Fundus. — Occasionally,  in  eyes  apparently 
normal,  minute  white  or  yellow  dots  are  seen,  either  single  or  arranged  in 
groups.  The  width  of  one  of  these  dots  usually  does  not  exceed  that  of 
the  retinal  vessels.  Some  of  the  punctate  conditions  of  the  fundus  doubt- 
less take  their  origin  from  the  chorioid,  while  others  begin  in  the  retina. 
Although  these  punctate  conditions  cannot  be  properly  classified,  some 
authors  attributing  them  to  the  chorioid  and  others  to  the  retina,  they  will 
all  be  considered  in  this  place.  According  to  Frost,  they  are  chiefly:  (1) 
Gunn’s  dots;  (2)  metallic  dots;  (3)  isolated  dots;  (4)  retinitis  punctati. 
albescens;  (5)  Tay’s  chorioiditis;  (6)  colloid  change  in  the  macular 
region  (this  has  been  described  in  Chapter  XII) ; (7)  diffuse  dots  resem- 
bling  Tay’s  chorioiditis. 

1.  Gunn's  Dots  (“Crick’s”  Dots).— These  are  small  whitish  or  yel- 
lowish dots  which  may  be  single,  but  generally  are  found  in  dusters  in  the 
region  of  the  yellow  spot.  They  are  seen  with  difficulty  and  are  found 
chiefly  in  young  subjects.  They  are  without  patholrgD  oignificance. 

2.  Metallic  Dots. — These  occur  singly,  and  may  te  present  in  any 
part  of  the  fundus.  They  are  brilliant,  and  ha\  e been,  likened  to  particles 
of  mercury.  Frost  has  found  them  chiefly  in  cases  where  the  ophthalmo- 
scope was  used  to  find  the  cause  of  an  unexplained  amblyopia,  but  they  are 
also  seen  in  normal  eyes.  They  are  supposed  to  be  due  to  an  irregularity 
of  the  retinal  surface,  producing  total  reflection,  the  metallic  appearance 
being  caused  by  the  image  of  the  mi  tot  of  the  ophthalmoscope. 

3.  Isolated,  or  Neuriuc  Dots.— Inese  are  found  in  the  foveal 
region  in  cases  of  neurorelin1  tis,  and  are  as  white  as  chalk  and  of  irregular 
shape. 

4.  Retinitis  Punctata  Albescens. — Under  this  name  Mooren  de- 
scribed the  case  of  a man,  30  years  of  age,  whose  fundus  presented  hundreds 
of  white  spots  distributed  equally.  The  spots  are  small  and  of  white  or 
yellow  color,  v-iihout  pigment  borders.  They  never  coalesce,  and  are  rarely 
found  in  the  fo.eal  region.  The  disease  causes  reduction  in  central  vision. 
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while  peripheral  vision  is  normal.  Night-blindness  is  absent.  The  few 
cases  which  have  been  studied  occurred  in  young  subjects,  and  the  disease  has 
been  found  in  several  members  of  the  same  family.  It  is  supposed  to  be 
either  a congenital  affection  or  one  that  develops  in  early  infancy. 

Nettleship  has  described  a somewhat  similar  affection  in  which  minute, 
white,  round  spots  were  scattered  over  the  fundus  and  were  associated  with 
pigment  changes  at  the  periphery  and  with  night-blindness.  They  are 
known  as  Nettleship’s  dots.  They  are  stationary  or  slowly  progressive. 
Some  authors  have  regarded  this  condition  as  a variety  of  retinitis  pig- 
mentosa, but  this  view  is  generally  considered  erroneous. 

5.  Tay’s  Chorioiditis,  also  known  as  central  senile  guttate  chorioi- 
ditis, or  punctate  retinitis,  includes  a group  of  cases  characterized  by  the 
presence  of  round,  light-colored  dots,  which  are  found  chiefly  in  the  cen- 
tral part  of  the  fundus.  The  dots  are  small,  their  diameter  equaling  that 
of  the  primary  retinal  arteries.  They  occur  chiefly  in  middle-aged  persons. 
When  the  dots  are  numerous,  this  disease  causes  some  loss  of  vision. 

6.  Colloid  Change  in  the  Macular  Eegion. — This  condition  is 
described  in  Chapter  XII,  and  is  regarded  as  belonging  to  cholic  dai  dis- 
eases. % 

7.  Diffuse  Dots  resembling  Tay’s  Chorioiditis. — In  this  condi- 
tion numerous  dots,  which  are  not  limited  to  the  macular  reg'on,  are  found 
in  the  eyes  of  young  subjects,  and  remain  for  many  verrs  without  appreci- 
able change.  In  some  of  the  cases,  however,  night-hhn^ness  and  some  con- 
traction of  the  visual  field  have  been  observed. 

Prognosis  and  Treatment. — The  punctate  conditions  of  the  fundus 
do  not  admit  of  removal.  They  do  not  ofun  lead  to  much  loss  of  vision. 
These  cases  should  receive  general  attent'on  Errors  of  refraction  should 
be  corrected,  if  present.  It  may  be  a^visaole  to  limit  the  amount  of  near 
work. 


PURU;  IfflT  RETINITIS. 

Until  recently  the  possibility  of  the  occurrence  of  purulent  retinitis 
apart  from  purulent  chorioiditis  has  been  denied.  Clinically  cases  of 
purulent  retinitis  may  ho  divided  into  four  classes:  (1)  purulent  trau- 
matic retinitis,  (2)  pi  rulent  secondary  (or  induced)  retinitis,  (3)  purulent 
metastatic  (or  diubolic)  retinitis,  and  (4)  septic  retinitis  of  Roth. 

Puruleri,  Traumatic  Retinitis  results  from  infection  following  per- 
forating vonnds  or  the  lodgment  of  foreign  bodies.  The  clinical  picture  is 
essentnJly  that  of  suppurative  chorioiditis  (panophthalmitis). 

Purulent  Secondary  Retinitis  follows  upon  perforating  ulcers  of  the 
cornet*  The  clinical  picture  is  that  of  panophthalmitis. 

Purulent  Metastatic,  or  Embolic,  Retinitis  may  arise  in  the  course  of 
any  one  of  many  infectious  diseases.  The  symptoms  may  be  acute,  resem- 
bling those  of  panophthalmitis,  or  chronic,  resembling  pseudo-neuroepi- 
thelioma of  the  retina.  The  anatomic  changes  in  these  affections  may 
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begin  as  a purulent  retinitis,  a purulent  chorioiditis,  or  as  a chorioido- 
retinitis.  A form  of  metastatic  retinitis  which  was  first  described  by  Roth 
as  septic  retinitis  will  now  be  considered. 

Septic  Retinitis. — To  external  examination  an  eye  with  septic  retinitis 
shows  nothing  abnormal  except  possibly  conjunctival  hemorrhages,  The 
dioptric  media  are  clear.  Characteristic  changes  found  in  the  retina,  in 
the  neighborhood  of  the  papilla  and  macula,  are  hemorrhages  and  white 
spots  (Roth’s  spots),  which  vary  much  in  shape  and  number.  There  may 
be  a single  spot  or  the  foci  may  be  numerous.  The  white  spots  may  exist 
entirely  apart  from  the  hemorrhages  or  may  lie  within  or  adjacent  to  the 
latter.  They  never  assume  the  stellate  figure  so  often  found  in  the  macular 
region  in  cases  of  albuminuric  retinitis ; and,  as  a rule,  they  do  not  tend 
to  become  larger.  They  are  absent  in  one-third  of  the  cases,  and  rarely 
appear  alone  without  hemorrhages.  The  hemorrhages  are  found  chiefly 
along  the  large  vessels,  and  seem  to  be  of  venous  origin.  Large  preretinal 
effusions  of  blood  are  frequently  found.  Marked  signs  of  inflammation  are 
absent,  the  papilla  being  generally  well  - defined.  The  retinal  vessels  are 
usually  not  changed  in  calibre,  although  the  veins  may  be  tortuous.  In 
exceptional  cases  only  one  eye  is  involved.  One  eye  may  present  the  picture 
of  septic  retinitis  while  the  other  shows  the  changes  of  purulent  chorioiditis. 
As  a rule,  there  is  no  great  reduction  in  visual  acuity.  In  some  cases,  how- 
ever, the  general  weakness  of  the  patient  is  so  great  as  to  prohibit  an  ac- 
curate examination  of  vision.  Often  the  advent  of  the  retinal  changes  cai  - 
not  be  determined  with  certainty.  Oimurto  has  observed  the  disea  ^ 
early  as  the  fifth  and  as  late  as  the  twenty-third  day  after  confinement. 
Septic  retinitis  has  been  observed  in  from  33  to  87  per  cenL  oi  "-ses  of 
sepsis.  It  is  found  in  all  forms  of  sepsis,  but  is  particularly  frequent  in 
septicemia.  The  disease  runs  a slow  course,  and,  if  the  patient’s  life  is 
spared,  complete  recovery  of  the  eye  may  occur.  Although  at  the  beginning 
the  signs  of  metastatic  chorioiditis  are  similar  to  thos  e c + septic  retinitis,  a 
differentiation  can  soon  be  made.  Metastatic  chorioiditis  runs  a rapid  and 
destructive  course  with  marked  inflammatory  symptoms.  On  the  contrary, 
septic  retinitis  presents  no  inflammatory  symptoms. 

Diagnosis. — The  diagnosis  of  septic  retmitis  must  rest  not  alone  on 
the  ophthalmoscopic  changes,  but  largely  on  the  general  history  of  the 
patient.  Similar  retinal  changes,  particularly  hemorrhages,  are  found  in 
many  general  diseases. 

Treatment  must  be  direccod  to  the  removal  of  the  cause.  Tonic  and 
supportive  measures  will  be  -equired. 


RETINAL  SCLEROSES. 

Retinitis  P.-olferans  (Proliferating  Retinitis;  Hyperplastic  Prolifer- 
ating Retinitis). — In  this  disease  numerous  bluish-white  or  gray  masses  of 
connective  t F0ue  develop  in  the  retina  and  extend  into  the  vitreous  humor. 
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In  a strict  sense  the  affection  is  not  a retinitis,  but  a proliferation  of  the 
connective  tissue  of  the  retina.  The  new  tissue  obscures  the  optic  disc 
and  often  is  disposed  in  interlacing  bands.  The  cause  is  to  be  found  in 
repeated  and  extensive  hemorrhages  into  the  retina  and  vitreous  humor,  the 
masses  of  unabsorbed  blood  producing  atrophy  by  pressing  on  the  retina 
and  causing  proliferation  of  connective  tissue.  The  masses  of  newly  formed 
tissue  may  follow  the  general  course  of  the  retinal  vessels,  some  of  which 
lie  under  and  others  over  the  mass.  There  is  often  a development  of  new 
vessels  in  these  cases. 

Etiology  and  Treatment. — The  etiology  of  proliferating  retinitis  is 
unknown.  Trauma  and  syphilis  are  supposed  factors.  The  disease  is  rarely 
seen.  Schobl  observed  2 cases  in  about  60,000  patients.  The  prognosis  is 
unfavorable,  blindness  being  the  ultimate  result.  Treatment  includes  the 
use  of  mercury  and  iodid  of  potassium  by  the  mouth  or  mercury  by  inunc- 
tion. 


Fig.  310. — Proi^e.  atmg  retinitis.  (Jaeger.) 


Striate  Retinitis  (Bctii  iti  i Striata ; Chorioidoretinitis  Striata) . — In  this 
condition  the  retina  shows  yellowish-white  or  grayish  lines  which  may  run 
in  almost  any  direction,  but  often  pass  from  the  periphery  toward  the  disc. 
The  lines  lie  beneatn  t ie  retinal  vessels  and  frequently  are  branched.  They 
are  sometimes  ouid  in  spontaneously  cured  cases  of  retinal  detachment. 
Their  caure  s sot  known.  Caspar  considers  the  disease  the  final  stage  of 
reattached  retinae,  while  Holden  regards  it  as  due  to  changes  following 
retinal  nomorrhages.  Vision  usually  is  much  reduced  in  these  cases.  The 
condition  does  not  admit  of  treatment. 

Pigment  Streaks  on  the  Fundus  (Angioid  Streaks). — A few  cases  are 
recorded  in  ophthalmic  literature  in  which  the  fundus  presented  long,  irregu- 
lar pigment  streaks  of  a red-brown  color,  lying  beneath  the  retinal  vessels, 
varying  much  in  size  and  ramifications,  and  in  their  course  resembling  a 
system  of  obliterated  blood-vessels.  The  striae  are  of  varying  diameter,  pre- 
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senting  irregular  borders  and  bending  sharply.  In  the  cases  thus  far  re- 
ported both  eyes  have  been  affected.  While  the  disease  has  been  known  to  % 
follow  an  injury,  in  several  cases  there  was  no  history  of  trauma.  It  seems 
reasonable  to  attribute  the  angioid  condition  to  retinal  hemorrhages,  cases 
having  been  observed  by  Mange,  Knapp,  de  Schweinitz,  and  Holden. 

P flange  states  that  hyperplastic  changes  occur  in  Muller’s  fibres.  Vision 
may  be  unaffected,  or  may  be  considerably  reduced,  in  this  disease.  There 
is  no  known  method  of  treatment  of  avail  in  these  cases. 

Pigmentary  Degeneration  of  the  Retina  (Retinitis  Pigmentosa;  Pig- 
mented Retina  and  Chorioiditis)  .—By  this  term  is  meant  a progressive 
bilateral  disease  of  the  retina,  leading  to  atrophy  and  blindness,  and  char- 
acterized by  the  presence  of  pigment  collections  in  the  superficial  retina 
layers,  contraction  of  the  blood-vessels,  and  atrophy  of  the  optic  nerve. 

Etiology.— The  disease  is  found  in  from  5 to  10  per  cent,  of  deaf- 
mutes.  It  is  sometimes  attributed  to  consanguinity  in  the  parents.  The 
influence  of  consanguinity  has  been  overestimated.  Macnamara  has  shown 
that  the  disease  is  not  infrequent  among  the  Hindoos,  whose  religion  pro- 
hibits intermarriage.  It  is  also  hereditary.  It  is  not  infrequent  m idiots, 
in  epileptics,  in  the  victims  of  hereditary  syphilis,  and  in  families  subject  to 
nervous  diseases.  In  many  cases,  however,  the  cause  cannot  be  determined. 
The  disease  is  either  congenital  or  begins  early  in  childhood,  although  the 
pigmentation  is  probably  never  present  at  birth.  Retinitis  pigmentosa  is 
said  by  Leber  to  be  more  frequent  in  men  than  in  women  in  the  proportion  o t 
about  7 to  3.  Other  congenital  anomalies  are  not  infrequently  presen.  in 
cases  of  pigmented  retina. 

Symptoms— The  subjective  signs  of  this  disease  are  (1)  night-blind- 
ness (2)  loss  of  visual  acuity,  and  (3)  contraction  of  the  field  of  vision 
The’  most  noticeable  subjective  symptom  is  night-blindness:  i.e.,  visual 
acuity  is  disproportionately  lowered  under  reduced  illumination.  Often  a 
patient  who  is  unconscious  of  visual  defect  by  daylight  must  be  led  at  c us  - 
er on  entering  a dimly  lighted  room.  Night-blind  noss  may  be  absent  and 
in  rare  cases,  with  retinal  hyperesthesia,  vision  will  be  best  m reduced 
illumination.  Central  vision  may  remain  practically  normal  for  a long 
time,  yet  perimetric  examination  will  'bow  there  is  reduction  of  the 
field.  A ring  scotoma,  partial  or  complete,  has  been  observed.  s’fa  - 
there  is  reduction  in  central  vision  in  proportion  to  the  contraction  of  the 
field  In  exceptional  instances  good  central  vision  is  retained  in  the  pres- 
ence of  great  narrowing  of  the  held.  This  contraction  leads  to  loss  of 
orientation.  The  patient  secs  as  through  a tube.  The  constant  bowing  o 
the  head  is  characteristic.  Occasionally  color-blindness  exists  in  these  cases. 

The  ophthalmoscopic  signs  of  pigmentary  degeneration  of  the  retina 
include  changes  in  the  vessels,  in  the  optic  disc,  and  in  the  retina.  The  ves- 
sels are  contracted  and  their  number  is  diminished.  Their  walls  are  thick- 
ened producing  a corresponding  reduction  in  their  lumen.  Often  they  are 
so  small  as  to  resemble  mere  threads.  The  optic  papilla  is  of  a creamy- 
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white  color,  usually  not  the  dead  white  of  atrophy.  The  edges  of  the  nerve 
. are  generally  ill  defined  and  bordered  with  pigment,  but  the  presence  of 
pigment-spots  on  the  nerve-head  is  very  uncommon.  The  lamina  cribrosa 
is  usually  hidden  from  view,  and  the  whole  disc  looks  waxy  or  transparent. 
The  most  striking  of  the  ophthalmoscopic  appearances  is  the  presence  of 
irregular  pigment-spots,  which  are  most  numerous  at  the  periphery  and 
resemble  bone-corpuscles  in  shape.  They  are  usually  more  abundant  on  the 
temporal  than  on  the  nasal  side  of  the  fundus.  Often  the  pigmentation  is 
most  abundant  along  the  course  of  the  larger  vessels.  Early  in  the  disease 
the  pigment-spots  are  situated  in  the  far  periphery,  but  as  time  passes  they 
encroach  upon  the  posterior  pole.  As  the  process  extends  the  retinal  pig- 
ment layer  becomes  decolorized,  thus  permitting  a view  of  the  chorioidal 
vessels  and  giving  the  fundus  a peculiar  “wainscoted”  appearance  (Fig.  2, 
Plate  XXI).  Pari  passu  with  the  growth  of  the  stellate  pigment-spots 
atrophy  of  the  retina  and  disc  become  manifest.  Vitreous  opacities  are 
uncommon  in  this  disease.  Posterior  polar  cataract  is  occasionally  seen,  but 
less  frequently  than  in  chorioiditis. 

Diagnosis.— In  typical  cases  diagnosis  is  not  difficult.  Th.  pigment- 
spots  do  not  always  resemble  bone-corpuscles,  but  may  be  round  or  irregu- 
lar like  the  pigment  collections  found  in  chorioiditis.  That  the  pigment  is 
in  the  retina  is  determined  by  the  fact  that  the  spots  cover  the  retinal  vessels. 
In  the  pigment  accumulations  of  chorioiditis  the  retinal  vessels  can  be  seen 
crossing  the  spots.  Atypical  cases  of  retinal  disease  have  been  described 
which  present  all  of  the  subjective  and  objercivt  s'gns  of  retinitis  pig- 
mentosa except  that  the  pigment-spots  are  absent.  A few  cases  of  unilateral 
retinitis  pigmentosa  have  been  described.  Exceptionally  the  pigment-spots 
involve  the  macula,  while  none  are  found  ii  tl  e periphery  of  the  fundus.  A 
few  cases  have  been  recorded  of  glaucoma  in  eyes  with  retinitis  pigmentosa. 
Blessig  has  reported  the  histories  of  ixuc  Brothers  and  sisters  in  whom  these 
diseases  alternated. 

Pathology.  The  change*.  are:  an  atrophy  of  the  nervous  structures 
of  the  retina,  the  nerve-fibre  layer  usually  remaining.  The  supporting  con- 
nective tissue  becomes  hyperplastic.  In  places  the  pigment  epithelium 
atrophies ; in  others,  it  proliferates,  invading  all  layers  of  the  retina,  espe- 
cially the  perivascular  sheaths.  Pigment  granules  may  be  seen  scattered 
in  the  retina  and  ore  sometimes  found  occluding  the  lumen  of  a small 
sclerosed  vessel.  Where  there  is  an  atrophic  area  in  the  pigment  layer,  and 
sclerosis  of  the  cnorioidal  vessels  is  present,  the  retina  will  become  adherent 
to  the  chorioid.  Drusen  formations  are  a frequent  accompaniment.  An- 
giosclerosib  is  more  pronounced  in  the  arteries  than  in  the  veins,  the  smaller 
vessels  often  being  occluded  by  hypertrophy  of  the  vessel-walls,  many  of 
whie.i  snow  hyalin  degeneration. 

Prognosis.— The  prognosis  of  this  form  of  retinal  disease  is  unfavor- 
able, most  of  the  cases  ending  in  blindness  by  the  time  middle  life  is  reached. 
While  total  blindness  is  not  the  rule,  vision  is  so  much  reduced  that  the 
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patient  needs  assistance  in  getting  about.  Often,  however,  the  disease  re- 
mains stationary  for  long  periods. 

Treatment. — There  is  no  cure  for  this  disease.  The  best  results  of 
treatment  are  obtained  in  the  form  which  is  caused  by  acquired  syphilis. 
In  all  cases  of  retinitis  pigmentosa  the  eyes  should  be  used  in  moderation  and 
should  be  protected  from  excessive  light.  Errors  of  refraction  should  be 
carefully  corrected.  The  frequent  use  of  weak  miotics,  the  internal  or  hypo- 
dermic administration  of  strychnia,  and  the  employment  of  mercuric  bi- 
chlorid  are  among  the  proposed  remedies.  Electricity  in  the  form  of  the 
galvanic  current  applied  to  the  eyeball  has  seemingly  produced  good  results 
in  some  cases. 

INJURIES  OF  THE  RETINA. 

Penetrating  wounds  of  the  eye  having  been  considered  elsewhere 
(Chapter  IX),  in  this  place  the  effect  of  concussion  injuries  of  the  retina 
will  be  discussed.  Such  injuries  may  cause  edematous  swelling  and  opacity, 
hemorrhage,  detachment,  rupture,  pigmentation,  or  traumatic  anesthesia  of 

the  retina.  v 

Traumatic  Retinitis  (“Commotio  Retinae”;  Edematous  Swelling  of  the 
Retina;  Concussion  of  the  Retina) .—Blows  on  the  eye  may  be  followed  by 
edematous  swelling  and  opacity  of  the  retina,  the  change  being  situated 
generally  in  a part  of  the  retina  opposite  to  the  point  of  impact.  There  is 
marked  contraction  of  the  pupil,  which  dilates  imperfectly  to  atropin. 
There  is  some  episcleral  injection  and  reduction  in  the  acuity  of  vision. 
The  tension  is  normal,  as  a rule.  Stephenson,  however,  has  repor  ced  a ase 
of  concussion  of  the  retina  with  minus  tension.  Ophthalmoscopic  culmina- 
tion made  an  hour  or  two  after  the  injury  will  show  a grayish-white  or 
milky-white  cloudiness  existing  in  disseminated  spots  and  no;  involving  the 
blood-vessels.  Soon  the  spots  may  coalesce  and  the  whole  fundus  may  be 
involved.  In  from  twenty-four  to  thirty-six  hours  the  pi  -mess  is  fully  devel- 
oped. Then  it  begins  to  decline,  the  fundus-rcde  v again  becomes  visible, 
and  in  a few  days  the  eye  is  of  normal  appearance.  In  rare  instances  a 
system  of  fine  radiating  lines  will  be  found  ground  the  yellow  spot.  The 
retina  is  not  thrown  into  folds,  and  this  fa  ’t  si  rves  to  differentiate  commotio 
retinae  from  retinal  detachment.  The  prognosis  is  favbrable.  There  may 
be  coincident  retinal  hemorrhages,  spasm  of  the  ciliary  muscle,  and  tran- 
sient astigmatism.  The  treatment  will  include  rest,  the  use  of  atropin 
drops,  and  the  wearing  of  smoked  glasses. 

Retinal  Hemorrhage  l.'o.n  Trauma  is  easily  recognized  ophthalmo- 
scopically  by  the  presence  oi  an  elongated  clot  and  by  the  loss  in  the  con- 
tinuity of  the  vessel.  The  treatment  will  include  rest  and  atropin. 

Traumatic  Detachment  of  the  Retina  is  of  rare  occurrence.  It  will 
be  mentioned  uiidt”  another  head  (page  522). 

Rupture  of  the  Retina,  apart  from  the  existence  of  laceration  of  the 
other  ocolai  tissues,  is  a rare  condition.  The  rent  may  occur  at  any  part 
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of  the  tissue,  although  the  periphery  and  posterior  poles  are  favorite 
sites.  Noyes  has  seen  a loose,  tongue-like  piece  of  retina  torn  up  and 
exposing  the  chorioidal  vessels.  Aside  from  rest  there  is  no  particular 
treatment  for  the  condition. 

Pigmentation  of  the  Retina  following  Trauma  is  not  infrequently 
observed  as  a result  of  concussion  injuries. 

Traumatic  Anesthesia  of  the  Retina. — This  term  has  been  applied  by 
Leber  to  cases  in  which  reduction  in  visual  acuity  and  contraction  of  the 
field,  without  discoverable  ophthalmoscopic  signs,  followed  trauma.  The 
condition  may  continue  for  many  weeks. 

Traumatic  Perforations  of  the  Macula  Lutea  (Chorioidal  Craters; 
“Holes”  in  the  Macula). — As  a result  of  concussion  injuries,  a peculiar 
ophthalmoscopic  picture  is  sometimes  found  in  the  macula.  It  consists 
of  a circular  red  disc  or  “hole”  which  is  from  one-third  to  one-half  the 
diameter  of  the  papilla,  through  which  the  uncovered  chorioid  is  visible. 
Its  depth,  according  to  Ogilvie,  is  about  one-half  millimetre.  Unlike 
chorioidal  diseases,  in  this  condition  alterations  in  the  pigment  epithelium 
and  chorioid  are  absent.  The  condition  is  permanent.  Vis’ on  is  not 
greatly  disturbed  unless  a detachment  of  the  retina  coexists.  A central 
scotoma  may  be  present.  The  condition  does  not  admit  of  Treatment. 

DETACHMENT  OF  THE  RETINA. 

Separation  of  the  retina  from  the  underiving  cnorioid  is  one  of  the 
most  serious  of  ocular  diseases. 

Etiology. — Detachment  of  the  retina  was  luund  by  Galezowski  in  5/10 
of  1 per  cent,  of  ophthalmic  cases.  Men  arc  effected  much  more  frequently 
than  women.  The  disease  is  most  frequent  between  the  forty-fifth  and 
sixtieth  years.  It  is  rare  in  childhooc  ar  d youth,  and  exceptionally  has  been 
observed  as  a congenital  condition.  The  idiopathic  cases  may  be  attributed 
to  numerous  causes,  as  excessive  exertion  in  lifting,  bicycling,  stooping, 
coughing,  sneezing,  vomiting,  childbirth,  anger,  fear,  etc.  The  traumatic 
cases  are  either  primary  or  se<  ondary.  Among  the  causes  of  the  former  are 
contusions  or  wounds  of  t le  globe,  extraction  of  cataract,  iridectomy,  etc., 
especially  in  eyes  whose  chorioidal  and  retinal  vessels  are  degenerated. 
The  secondary  traumatic  cases  are  those  in  which,  following  injuries,  inflam- 
matory product  s ii . the  chorioid  undergo  shrinking.  Owing  to  the  attendant 
stretching  c:'  the  chorioid  and  sclera,  retinal  detachment  is  not  uncommon 
in  myopic  eyes.  In  the  production  of  idiopathic  retinal  detachment  no 
other  on*  factor  is  so  potent  as  is  myopia.  The  statistics  of  Rydel,  Walter, 
Hort  mann,  and  Galezowski  show  myopic  refraction  in  from  48  to  90  per 
' enh  (f  cases  of  retinal  detachment.  This  percentage,  however  correct  it 
may  be  for  Europe,  is  much  too  high  for  the  United  States.  Detachment 
may  follow  iridocyclitis  and  chorioiditis.  It  rarely  follows  albuminuric  and 
other  forms  of  retinitis.  It  may  occur  in  purulent  chorioidoretinitis,  and 
is  an  expected  condition  in  intra-ocular  tumors  and  cysticercus. 
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Pathology. — Leber  noticed  that  in  idiopathic  detachment  a perforation 
frequently  exists  in  the  floating  retina.  From  ophthalmoscopic  findings, 
pathologic  studies,  and  experiments  made  on  the  lower  animals,  he  an- 
nounced the  theory  that  retinal  detachment  in  non-traumatic  cases  is  due 
to  shrinking  of  a diseased  vitreous  humor.  This  shrinking  causes  a rent  in 
the  retina,  and  the  fluid,  which  is  always  found  behind  the  vitreous  humor 
in  cases  of  detachment  of  this  body,  passes  through  the  tear  in  the  retina 
and  serves  by  gravity  further  to  increase  the  separation  of  this  membrane 
from  the  chorioid.  Leber’s  view  has  been  confirmed  by  Nordensen,  who, 
in  119  cases  of  detachment,  found  laceration  of  the  retina  in  49  (38.6  per 
cent.) . The  latter  authority  holds  that  the  primary  disease  is  located  in  the 
ciliary  body  and  chorioid;  this  is  followed  by  fibrillary  degeneration  and 
subsequent  contraction  of  the  vitreous;  the  vitreous  becomes  adherent  to 
the  retina,  and  in  contracting  pulls  the  retina  from  the  chorioid.  The 
separation  of  the  retina  from  the  chorioid  may  begin  at  any  part,  but 
probably  commences  most  frequently  in  some  part  of  the  upper  half.  At 
the  ora  serrata  and  optic  disc  there  is  no  separation  except  in  rare  cases  of 
severe  trauma.  Thus,  the  detachment,  when  complete,  assumes  a funnel 
shape;  however,  the  area,  depth,  and  situation  of  the  detachment  are  sub- 
ject to  great  variation.  The  pigment  layer  always  remains  on  the  chorioid. 

In  opposition  to  the  views  of  Leber  and  Nordensen,  Eaehlmann  has 
advanced  the  "diffusion  theory,”  which  ascribes  retinal  detachment  to  exu- 
dation from  the  chorioidal  vessels  of  a fluid  more  albuminous  than  the 
vitreous  humor.  He  contends  that  diffusion  occurs  through  the  retina,  ti.a 
ingredients  of  the  vitreous  humor  collecting  behind  the  retina  and  lilting  it 
up.  The  diffusion  theory  has  recently  found  confirmation  ir.  experiments 
made  on  rabbits  by  Sinclair.  Which  of  these  theories  is  correct  must  be 
determined  by  future  investigations. 

Old  cases  of  retinal  detachment  often  show  catanoh,  and  the  opaque 
lens  frequently  undergoes  calcareous  degeneration.  The  tension  of  the  eye 
is  usually  minus.  Loth  eyes  may  be  involved  in  retinal  detachment,  in 
the  majority  of  cases  but  one  eye  is  affected. 

Symptoms. — Prodromal  symptoms  of  retina.  detachment  are  periodical 
dimness  of  vision,  photopsiae,  and  the  apnea  ranee  of  sparks,  dust,  or  soot 
before  the  eyes.  The  subjective  signs  include  a limitation  of  the  field  of 
vision,  the  appearance  of  a cloud  or  of  floating  specks  before  the  eye,  etc. 
Patients  often  complain  that  they  can  see  only  a part  of  an  object.  So 
long  as  the  macular  region  is  not  involved  central  vision  will  be  good. 
Generally  patients  with  retinal  detachment  will  notice  sudden  loss  of  vision, 
but  the  detached  retina  may  functionate  for  a time,  producing  vertigo  and 
metamorphopsia.  In  un  'omplicated  eases  there  is  no  pain. 

Externally  there  sre  no  noticeable  signs.  The  anterior  chamber  may 
appear  deeper  ihan  normal.  The  tension  is  usually  minus.  Ophthalmo- 
scopic examination  shows  the  normal  fundus-reflex  lost  wholly  or  in  part, 
the  retina  ri  its  detached  portion  appearing  as  a gray,  vibrating,  rounded 
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membrane  on  whose  folds  retinal  vessels  are  visible.  The  vessels  are  small 
and  of  dark  color,  having  lost  their  central  light-streak.  The  optical  con- 
dition of  the  detached  retina  is  that  of  a highly  hypermetropic  eye,  a strong 
convex  lens  being  required  for  the  study  of  its  details.  The  irregular  folds 
of  the  detachment  show  white  lines, — produced  by  reflection  from  the  apices 
of  the  folds, — while  the  furrows  appear  dark  (Fig.  1,  Plate  XXI).  The 
ophthalmoscopic  picture  is  so  striking  that  when  once  seen  it  should  not 
be  forgotten.  Failure  to  find  an  old  detachment  can  occur  only  through 
opacity  of  the  cornea  or  lens,  or  by  neglect  to  examine  the  periphery  of  the 
fundus.  Often  the  detached  and  floating  retina  can  be  seen  by  ordinary 
focal  illumination.  It  may  be  seen  to  undulate  in  response  to  the  ocular 
movements. 

Diagnosis. — While  recognition  of  the  presence  of  a detachment  of  the 
retina  is  ordinarily  easy,  in  exceptional  instances  it  is  difficult,  espe- 
cially where  the  detached  portion  remains  unchanged  in  color.  This 
occurs  particularly  in  recent  cases,  in  young  persons,  where  the  fluid 
behind  the  retina  is  clear.  In  such  cases  a diagnosis  will  rest  the 
determination  whether  the  vessels  are  smaller,  more  tortuous,  ai  1 iarl  er 
than  elsewhere,  and  on  the  finding  of  differences  in  the  refraction  of  dif- 
ferent parts  of  the  fundus.  By  direct  ophthalmoscopy  the  del  ached  portion 
can  be  clearly  seen  only  through  a weaker  concave  or  a stronger  convex 
glass  than  is  required  for  the  remainder  of  the  fundus.  L'  u .direct  ophthal- 
moscopy the  surgeon  will  need  to  withdraw  his  head  axid  the  interposed 
convex  lens  more  or  less.  Parallactic  movement  v.t  «’,he  vessels  over  the 
fundus  is  often  observed  in  detachment.  In  many  instances  careful  exam- 
ination by  the  direct  method  will  show  a tear  ij_  the  detached  retina  through 
which  the  chorioid  is  visible.  A flat  detachment — x.e.,  one  with  a thin 
layer  of  fluid  beneath  it — may  escape  defection.  Here  the  red  color  of  the 
fundus  is  intermerged  with  a gray.1  on  cloudiness  of  the  affected  area  and 
the  vessels  are  unduly  black  and  tortuous.  In  old  cases  of  detachment, 
where  the  retina  is  atrophic  and  hac  again  become  clear,  the  chief  diagnostic 
sign  will  be  the  vascular  chmgeo  mentioned  above. 

The  diagnosis  betv  een  tumor  of  the  chorioid  and  simple  detachment 
of  the  retina  has  been  considered  on  page  416.  Subretinal  cysticercus  has 
been  mentioned  elsewhere  in  this  chapter.  Edema  of  the  retina  may  be 
mistaken  for  detachment.  In  the  former  condition  the  fundus  presents  a 
more  uniform  apvcurance  and  the  retina  is  not  folded.  Eetinitis  proliferans 
is  often  associated  with  retinal  detachment. 

Prognosis. — The  prognosis  in  detachment  of  the  retina  is  very  bad. 
Only  *n  rare  instances  is  there  a permanent  reattachment,  spontaneously 
occurring  or  following  treatment.  According  to  Schobl,  the  most  favorable 
cas°°  are  those  in  which  detachment  occurs  in  the  albuminuric  retinitis  of 
pregnancy,  in  chorioiditis,  and  in  those  which  follow  diseases  of  the  orbit 
and  traumatism.  In  detachment  following  myopia  the  prognosis  is  un- 
favorable. 
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Treatment— The  treatment  of  retinal  detachment  is  an  unsatisfactory 
—in  fact,  almost  hopeless— task.  While  in  a few  rare  instances  the  retina 
has  become  reattached  spontaneously,  and  a few  recoveries  have  followed 
prolonged  rest  on  the  back,  with  hypodermic  injections  of  pilocarpin  and 
the  administration  of  saline  purgatives,  and  some  cures  have  followed  the 
internal  use  of  mercury,  iodid  of  potassium,  and  salicylic  acid,  the  majority 
of  successful  results  thus  far  reported  have  been  attributed  to  surgical  inter- 
vention. Surgical  intervention,  proposed  by  Sichel  in  1859,  has  assumed 
numerous  forms:  simple  puncture  of  the  sclera  and  chorioid  (Sichel),  dis- 
cission of  the  retina  (von  Graefe),  drainage  by  a fine  gold  wire  passed 
through  the  sclera  and  chorioid  (Grizon,  de  Wecker),  stitching  the  retina 
to  the  chorioid  by  means  of  catgut  (Galezowski),  dislaceration  with  two 
needles  (Bowman),  iridectomy  (Galezowski  and  others),  injection  of  10dm 
into  the  sub  retinal  space  (Galezowski,  Gelpke,  Scholer),  electrolysis  (Gillet 
de  Grandmont),  cutting  of  vitreous  bands  and  transfixion  of  the  eyeball 
(Deutschmann,  Jaencke),  injection  of  a 3.5-per-cent,  strength  solution  of 
gelatin  in  a physiologic  salt  solution  between  the  sclera  and  capsule  of 
Tenon  (de  Wecker),  puncture  of  the  eyeball  with  the  galvanocautery 
(Galezowski,  Abadie),  injection  of  normal  salt  solution  into  the  vitreous 
after  evacuation  of  subretinal  fluid  (Walker),  and  injection  of  air  into 
the  vitreous  (Jensen).  Most  of  these  procedures  should  be  ruled  out 
of  the  domain  of  modern  ophthalmology.  All  are  dangerous  to  the  integ- 
rity of  the  globe,  and  one  of  them— intra-ocular  injection  of  iodin— lias 
been  followed  by  meningitis  and  death. 

Of  the  surgical  measures  mentioned  above,  the  most  promising  '.re 
simple  puncture  with  a cataract-knife,  puncture  with  the  galvaaoca  atery, 
and  subconjunctival  injections  of  salt  solution.  The  last  c.  these  pro- 
cedures has  the  advantage  of  innocuousness.  Starkle,  of  Bas  d,  has  reported 
23  comparatively  recent  cases  of  detachment  treated  by  njections  of  salt 
solution,  the  strength  being  increased  from  2 to  10  per  cant.  He  reports 
improvement  in  21  cases  and  complete  reattachment  in  3.  Dor,  of  Lyons, 
claims  14  complete  recoveries  in  21  cases.  He  used  subconjunctival  injec- 
tions of  20-per-cent,  strength  salt  solution,  leach  is,  and  punctate  cauteriza- 
tions of  the  sclera,  each  of  these  procedur  es  bi  ing  used  once  weekly  in  rota- 
tion. Stillson,  of  Indianapolis,  has  saved  a out  of  5 cases  of  detachment 
treated  by  the  galvanocautery.  Winselmann  has  had  3 cures  following 
subconjunctival  injections  and  the  use  of  compress  bandages.  While  these 
reports  are  highly  encouraging,  it  must  be  remarked  that  in  some  of  them 
not  sufficient  time  has  elapsed  to  enable  judgment  to  be  passed  upon  the 
value  of  the  treatment.  Suipiien,  however,  cured  a case  of  bilateral  detach- 
ment by  scleral  punctum  and  eleven  years  later  vision  was  normal.  Hann 
and  Knaggs  have  ob-er  zee  a case  of  symmetrical  retinal  detachment  occur- 
ring during  label  and  associated  with  albuminuria,  with  complete  recovery. 
While  restore  Liou  of  vision  is  more  likely  to  occur  in  recent  than  in  old 
cases,  some,  remarkable  cases  of  reattachment  are  reported.  Thus,  Dor  is 
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said  to  have  observed  reattachment  with  restoration  of  vision  after  seven 
years,  and  Wolfe,  of  Melbourne,  had  a successful  result  after  three  years. 
Detachment  caused  by  cysticercus  and  by  intra-ocular  growths  will  call  for 
treatment  proper  for  these  conditions,  viz.':  removal  of  cysticercus  and 
enucleation  in  tumor.  Finally,  it  must  be  stated  that  retinal  detachment 
is  only  a symptom,  and  search  should  be  made  for  the  underlying  cause. 


FUNCTIONAL  DISEASES  OF  THE  RETINA. 

Hyperesthesia  of  the  Retina  (Irritation  of  the  Retina)  .—This  term  is 
applied  to  a condition  in  which,  without  demonstrable  ophthalmoscopic 
lesions,  the  retina  is  unduly  sensitive  to  light.  Photophobia,  neuralgia, 
blepharospasm,  lacrimation,  and  inability  to  use  the  eyes  for  moderate 
periods  are  prominent  symptoms.  In  pronounced  cases  there  is  pain  in  the 
temples  or  over  the  brow;  quivering  and  unsteadiness  in  vision  may  be 
noticed;  nausea  and  dizziness  may  be  present;  and,  in  short,  the  condition 
simulates  asthenopia  from  an  error  of  refraction.  Yet  these  symptoms 
sometimes  occur  in  eyes  with  normal  refraction  (Loring).  Ophthalno- 
scopic  examination  may  show  veiling  of  the  optic  disc,  particularly  on  its 
nasal  side;  slight  redness  of  the  nerve-head;  a striate  condition  c+  the  retinal 
fibres  passing  from  the  disc;  and  the  whole  fundus  may  appear  indistinct. 
The  chorioid  may  present  evidences  of  hyperemia  (page  42 )). 

Etiology.  Hyperesthesia  of  the  retina  may  be  a forerunner  of  serious 
organic  optic-nerve  disease  (Loring).  Errors  of  refraction  or  of  muscle- 
balance  and  disease  of  the  nasopharynx  are  causes. 

Diagnosis,  Prognosis,  and  Treatmel^.— The  diagnosis  of  retinal 
hyperesthesia  must  be  determined  by  exclusion.  The  prognosis  should  be 
guarded.  While  the  affection  does  no+  lead  to  blindness,  the  inability  to 
use  the  eyes  may  continue  for  a loDg  period  in  spite  of  careful  treatment. 
In  the  treatment  the  surgeon  should  investigate  the  general  condition  of 
the  patient  most  thoroughly.  The  blood  and  urine  should  be  examined. 
The  condition  of  the  nose,  throat,  lungs,  etc.,  as  well  as  the  state  of  the  re- 
fraction and  muscle-balance  should  be  determined.  Any  departure  from 
the  normal  should  be  corrected.  Tonics,  alteratives,  and  strychnia  may  be 
of  benefit  in  some  cases,  while  others  may  respond  to  electricity.  Rest, 
change  of  scene  ami  of  occupation  should  be  considered  in  intractable  cases! 

Anesthesia.  of  the  Retina  (Neurasthenic  Asthenopia;  Hysteric  Am- 
blyopia).— as  term  is  applied  to  a complicated  neurosis  in  which  re- 
duction in  acuity  of  vision  and  contraction  of  the  visual  field  are  present  in 
connection  with  functional  disturbances  in  other  parts  of  the  body,  without 
the  rn^tence  of  ophthalmoscopic  signs  of  disease. 

Etiology. — The  causes  of  anesthesia  of  the  retina  are  numerous, 
and  include  overwork  of  the  eyes  or  body,  lesions  of  the  genito-urinary 
organs,  traumatism,  conjunctivitis,  errors  of  refraction  or  of  muscle-balance, 
intranasal  disease,  impaired  nutrition,  prolonged  exposure  to  cold,  etc. 
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Symptoms. — Among  the  prominent  symptoms  are  inability  to  use  the 
eyes  for  ordinary  work,  irregular  variations  in  the  acuity  of  vision,  sudden 
obscuration  of  vision,  hallucinations  of  sight,  a feeling  of  heaviness  or  weari- 
ness in  the  eyes  and  eyelids,  a lack  of  fixity  of  the  memory-images  of 
observed  objects,  photophobia,  and  a diminution  or  an  absence  of  these 
symptoms  at  dusk  or  on  wearing  dark  glasses. 

The  perimetric  symptoms,  however,  are  of  much  more  value,  and  in- 
clude concentric  contraction  of  the  field  of  vision  and  rapidly  occurring 
variations  in  the  extent  and  shape  of  the  fields.  If  two  or  three  perimetric 
examinations  are  made  in  rapid  succession,  these  variations  will  become 
apparent.  They  include  contraction  or  overlapping  of  the  field  or  reversal 
of  the  color-fields.  The  field  may  even  be  hemianopic  or  defective  in  sectors, 
or  an  oscillating  field  may  be  found  in  which  an  object  recognized  at  one 
meridian  is  soon  lost  and  again  regained.  A relative  central  scotoma  is  not 
uncommon. 

Diagnosis— The  diagnosis  of  retinal  anesthesia  must  be  made  by  ex- 
clusion. Careful  ophthalmoscopic  examination  will  fail  to  show  fundus 
changes.  The  fields  of  vision  are  practically  typical  of  the  condition.  The 
loss  or  obscuration  of  vision  appears  and  disappears  suddenly.  It  is  usually 
greatest  when  sympathizing  friends  are  present. 

Prognosis— The  affection  is  not  serious,  but  may  be  of  long  duration. 

Treatment.— The  treatment  of  retinal  anesthesia  must  be  conducted 
on  a broad  basis.  Not  only  should  attention  be  given  to  the  correction  of 
any  ocular  abnormality  present,  but  the  dietetic,  hygienic,  mental,  and 
moral  conditions  should  be  considered.  The  rest  cure,  change  of  scene  anu 
surroundings,  exercise,  tonics,  sea-bathing,  and  outdoor  life  are  imoiig  ''he 
measures  from  which  benefit  may  be  expected.  The  use  of  dara  glasses 
will  be  advisable,  although  some  patients  become  too  dependent  upon  them. 

Tuberculosis  of  the  Retina. — Few  cases  of  this  disease  have  been  re- 
ported. In  that  observed  by  O’Sullivan  and  Story  a woman,  aged  21  years, 
complained  of  loss  of  vision  in  the  right  eye.  Ophthalmoscopic  examination 
showed  an  intense  papillitis,  the  swelling  being  of  a Drilliant  whiteness. 
Small,  white  spots  were  present  in  the  macula'*  region.  Two  months  later 
vision  was  reduced  to  perception  of  light,  pericorneal  injection  and  discolora- 
tion of  the  iris  were  present,  but  the  tenr’cn  was  normal.  The  eye  was 
enucleated,  and  presented  a tumor  abound  the  optic-nerve  head.  Micro- 
scopic examination  showed  typical  tubercular  structure.  The  tumor  was 
separated  from  the  chorioid  by  a cougulum. 


CHAPTER  XVI. 

DISEASES  OF  THE  OPTIC  NERVE. 


The  optic  nerve  is  liable  to  congenital  malformations,  tumors,  inflam- 
mations, injuries,  and  functional  disturbances. 


CONGENITAL  ANOMALIES. 

Absence  (Aplasia)  of  the  Optic  Nerve  has  been  observed  in  a few  in- 
stances, chiefly  cases  of  anophthalmos.  The  nerve  may  be  represented  by  a 
fibrous  cord,  which  is  destitute  of  nerve-fibres.  Rarely  its  absence  exists 
with  the  absence  of  the  chiasma  and  with  various  anomalies  of  the  n 'rve- 
centres. 

Atrophy  of  the  Nerve  is  a rare  congenital  condition,  and  '=  found  in 
cases  of  microphthalmos  and  in  anophthalmos.  Congenital  a'rrphy,  the 
other  portions  of  the  globe  being  normal,  has  been  describe  a. 

Coloboma  of  the  Optic  Nerve. — In  ophthalmic,  literature  about  fifty 
cases  are  recorded  of  coloboma  of  the  optic  disc,  existing  either  alone  or 
associated  with  coloboma  of  the  sheath  of  the  ner"a.  The  condition,  which 
was  for  a long  time  confounded  with  the  pc  steri  >r  sclerochorioiditis  of 
myopia,  is  characterized  ophthalmoscopically  by  an  apparent  increase  in  the 
diameters  of  the  optic  disc  and  by  the  presence  of  an  excavation  (Pig.  331). 
The  excavation  may  surround  the  disc,  but  in  the  majority  of  cases  it 
is  situated  interiorly,  which  differei  tia  tes  it  from  the  external  (tem- 
poral) staphyloma  of  myopia.  Tin  coloboma  is  generally  of  a uniformly 
white  or  bluish-white  color,  aid  sometimes  is  bordered  with  pigment. 
It  may  assume  a funnel  shape.  In  such  a case,  observed  by  Randall, 
the  greater  part  of  the  uisc  p sesented  a depth  of  6 dioptres,  while  a cir- 
cular pit  in  the  lower  part  of  the  disc  was  4 dioptres  deeper.  The  ves- 
sels may  emerge  in  +he  centre  of  the  disc,  but  usually  they  appear  at  the 
periphery  of  the  excavation.  Coloboma  of  the  disc  and  sheath  may  exist 
separately,  togethtr,  or  in  conjunction  with  coloboma  of  the  chorioid. 
The  position  :inil  shape  of  the  coloboma,  the  irregular  position  of  the  vessels, 
and  the  tieq  ient  existence  of  other  anomalies  will  serve  to  distinguish 
coloboma  cf  the  optic  nerve  from  posterior  scleral  staphyloma.  The 
anomaV  is  attributed  to  non-closure  of  the  cleft,  which  in  early  fetal  life 
is  found  in  the  lower  part  of  the  nerve.  The  so-called  inferior  conus,  a 
condition  in  which  the  nerve-head  does  not  fit  accurately  into  the  chorioidal 
aperture,  has  been  found  by  Wollenberg  and  Vossius  in  about  1 per  cent, 
of  ophthalmic  patients.  According  to  the  researches  of  Jaeger,  Schnabel, 
(528) 
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and  Fuchs,  it  is  to  be  regarded  as  a rudimentary  coloboma  of  the  sheath 
of  the  optic  nerve  or  of  the  adjacent  chorioid. 

Eyes  showing  optic-nerve  coloboma  often  present  other  defects  (mi- 
crophthalmos, lenticular  opacities,  lenticonus,  persistent  hyaloid  artery, 
retinitis  pigmentosa,  persistent  nerve-fibres  in  the  retina,  astigmatism, 
defects  in  the  visual  field,  etc.).  Treatment  is  limited  to  the  correction  of 
errors  of  refraction. 


Fig.  331.— Coloboma  of  the  optic  nerve  and  chorioid.  (Posey.) 


Congenital  Cupping  arm  t/her  Conditions  of  the  Disc. — These  condi- 
tions are  of  rare  occurrence.  C ongenital  cupping  of  the  disc  may  show  an 
unusually  deep  physiology  excavation,  suggestive  of  the  glaucomatous  cup. 
The  fact  that  the  cup  Joes  not  extend  to  the  edge  of  the  disc,  and  the  absence 
of  arterial  pulsation  will  serve  to  distinguish  this  congenital  abnormality 
from  glaucoma,  t igment  patches  on  the  disc  are  often  seen,  the  pigment 
of  the  chcri ji  d ueing  continued  into  the  lamina  cribrosa.  This  congenital 
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condition  should  not  be  confounded  with  pigment-spots  acquired  after  hemor- 
rhage. A black  area  of  pigment  with  serrated  edges,  occupying  the  centre 
of  the  nerve-head,  was  found  by  Liebreich  in  cyanosis  oculi — a condition  in 
which  the  pigmentation  of  the  whole  fundus  is  markedly  increased,  the 
macular  region  appearing  almost  black. 

The  congenital  condition  known  as  spurious  optic  neuritis  is  men- 
tioned elsewhere  in  this  chapter  (page  541). 


TUMORS. 

Primary  Intradural  Tumors  of  the  Optic  Nerve  (Fibromatosis  Nervi 
Optici — Byers) . — The  true,  or  intradural,  primary  tumors  of  the  optic  nerve 
are  rare,  Byers  (1901)  having  been  able  to  collect  accounts  of  only  102 
cases  in  the  literature. 

Etiology. — Age  is  a factor  in  this  disease.  Of  85  cases  collected  by 
Byers  in  which  the  age  was  recorded,  67  occurred  at  fifteen  years  or  younger; 
32  cases  occurred  between  the  first  and  fifth  years.  The  disease  is  cound 
more  frequently  in  females  than  in  males,  and  more  often  on  the  \eil  fide. 
Trauma  and  febrile  disturbance  or  infectious  disease  are  apparent  efioiogic 
factors. 

Symptoms. — The  most  striking  symptom  is  the  graduui  development  of 
painless  exophthalmos,  the  direction  of  the  proptosis  bring  in  the  majority 
of  cases  directly  forward,  or  forward,  downward,  ana  ouiward,  although  it 
may  be  forward  and  upward,  outward,  or  inward.  Exceptionally  the  ex- 
ophthalmos has  developed  rapidly.  The  pauent  may  complain  of  pain 
throughout  the  distribution  of  the  fifth  nei^e.  The  proptosis  is  attributed 
chiefly  to  the  direct  influence  of  the  turner,  although,  in  some  instances,  it 
is  influenced  by  the  state  of  the  orbital  blood-vessels,  or  by  stasis  in  Tenon’s 
space  and  in  the  supravaginal  lymph  vp  ice  of  the  nerve. 

A second  symptom  of  importance  is  the  early  and  great  loss  of  vision. 
In  69  per  cent,  of  the  cases  tabulated  by  Byers  vision  was  absolutely  lost 
in  the  affected  eye  at  the  +l*n :e  of  first  examination.  Variations  in  visual 
acuity  have  been  recorded  ip  individual  cases. 

The  ophthalmoscopic  changes  are  various.  Of  82  cases  in  which  men- 
tion is  made  of  the  condition  of  the  fundus,  3 showed  simple  atrophy  of  the 
optic  nerve,  34  picse’iced  optic  neuritis,  and  36  gave  evidence  of  post-neuritic 
atrophy.  In  i cfses  the  fundus  was  normal.  Among  the  ophthalmoscopic 
appearance^  rarely  found  in  primary  tumors  of  the  nerve  are  dilation  of 
the  retina1  veins,  partial  detachment  of  the  retina,  and  hemorrhages.  The 
majority  of  patients  present  no  lesion  of  the  orbital  muscles,  although 
strabismus  sometimes  is  noted,  and,  indeed,  may  precede  the  exophthalmos. 
Cn  some  cases  palpation  will  enable  the  surgeon  to  determine  the  presence 
oi  an  intra-orbital  growth  which  is  not  adherent  to  the  orbital  walls.  The 
general  appearance  of  the  patient  does  not  usually  differ  from  the  normal ; 
but  cerebral  symptoms — such  as  convulsions  and  epileptic  seizures — have 
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been  noted  in  rare  instances.  Dizziness,  vertigo,  and  tinnitus  aurinm  are 
rarely  present.  As  regards  the  eyeball,  tension  is  usually  normal,  but  may 
be  minus  or  plus.  A characteristic  symptom  is  antero-posterior  flattening 
of  the  globe  from  pressure  of  the  tumor  posteriorly,  causing  the  eye  to 
become  hypermetropic.  Lagophthalmos  and  keratitis  have  also  been  found 
present. 

Pathology. — The  dural  covering  of  the  nerve  forms  a capsule,  one- 
half  to  one  millimetre  in  thickness,  which  envelops  the  tumor.  The  growth 
may  vary  in  size  from  a slight  enlargement  of  the  optic  nerve  to  a mass  the 
dimensions  of  a goose-egg.  Usually  a piece  of  normal  nerve  separates  the 
tumor  from  the  eyeball.  In  the  opposite  direction,  however,  the  growth 
may  extend  up  to  or  through  the  optic  foramen,  and  involve  the  brain.  The 
microscopic  diagnosis  of  the  reported  cases  shows  a large  number  of  dif- 
ferent terms,  the  majority  being  set  down  as  myxosarcomata,  myxomata, 
myxofibromata,  or  sarcomata.  Since  tumors  of  the  optic  nerve  show,  in  one 
and  the  same  specimen,  several  phases  of  developing  connective  tissue,  Byers 
considers  that  they  should  all  be  classed  as.  fibromata.  When  cerebral  symp- 
toms occur,  and  death  ensues  after  removal  of  a primary  tumor  of  the  optic 
nerve,  the  result  is  to  be  attributed,  not  to  recurrence,  but  to  the  continued 
growth  of  the  intracranial  portion  of  the  neoplasm,  which  could  not  be 
removed  by  operation. 

Diagnosis  and  Prognosis. — The  symptoms  enumerated  above  will 
enable  the  surgeon  to  assert  the  presence  of  a growth  connected  with  th  3 
optic  nerve,  but  it  is  doubtful  if  intradural  growths  can  always  be  difi'er- 
entiated  from  extradural  ones.  The  prognosis  is  serious.  The  eye  in  many 
instances  must  be  sacrificed,  and  in  some  cases  there  is  a continues  deT  elop- 
ment  of  the  intracranial  portion  of  the  tumor,  which  could  not  be  removed 
at  the  time  of  operation.  Where  the  tumor  is  located  chiefly  .n  he  anterior 
portion  of  the  optic  nerve,  total  removal  is  feasible. 

Treatment. — Since  the  condition  rarely  shows  c tendency  toward 
malignancy,  and  because  in  most  cases  the  neoplasm  ernes  not  encroach  on 
the  globe,  modern  ophthalmologists  have  sough4-  *0  extirpate  the  growth 
while  preserving  the  eyeball.  Scarpa  in  1816.  Oritchett  in  1852,  and  Knapp 
in  1874  were  the  first  to  follow  this  metlod.  Knapp,  in  operating  on  an 
extradural  tumor,  made  his  opening  through  the  conjunctiva  and  Tenon’s 
capsule  between  the  superior  and  int°ixia.  recti,  separated  the  optic  nerve 
from  the  globe,  then  cut  the  nerve  it  the  optic  foramen,  and  pried  the 
tumor  out  with  scissors.  Gruen  ng  of  New  York,  was  the  first  to  remove 
a primary  intradural  tumor  ot  nerve  with  preservation  of  the  globe.  In 
recent  years  Kronlein  has  ch.vi3ed  an  operation  which  is  suitable  for  these 
cases  (see  page  652). 

Primary  Extract;  rai  Timors  of  the  Optic  Nerve  are  ophthalmic  curios- 
ities, 18  cases  ha:ing  been  recorded.  Of  these  8 were  endotheliomata. 
This  type  of  tumor  generally  begins  before  the  age  of  ten  years.  Exophthal- 
mos is  the  no^4:  prominent  symptom.  The',  loss  of  vision  is  slower  than 
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with  intradural  tumors.  The  growth  increases  slowly,  is  of  relatively  low 
malignancy,  and  causes  neither  metastasis  nor  glandular  involvement.  In 
none  of  the  recorded  cases  was  the  globe  invaded  (Parsons).  The  treat- 
ment is  removal. 

Hyalin  Bodies  in  the  Nerve-head  (Colloid  Bodies;  Verrucosities;  Dru- 
senbildungen) . — A rare  condition  is  the  presence  in  the  optic-nerve  head  of 
clusters  of  globular,  glistening  bodies,  of  a gray  or  blue-gray  color.  Atten- 
tion was  first  called  to  these  bodies  by  Muller  and  Iwanoff,  who  found  them 
in  sections ; later  observers  have  noticed  the  condition  ophthalmoscopically. 
They  appear  as  spheric  bodies  imbedded  in  the  optic  disc  or  bordering  its 
periphery.  They  are  translucent  and  have  been  compared  to  “half-soaked 
grains  of  tapioca”  (Gifford).  To  direct  ophthalmoscopy  they  appear  two 


Fig.  332. — Microscopic  section  s-hor/rig  hyalin  bodies  in  the  nerve-head. 

(Author.) 

(Crigii.\l  drawing  by  Dr.  Carl  Fisch.) 


or  three  millimetres  in  diameter,  and  are  best  observed  by  throwing  the 
light  to  one  side  oi  G em  (Liebreich).  In  rare  instances  the  hyalin  masses 
may  cover  the  nerve-head,  as  in  the  case  recorded  by  Nieden  (Fig.  333). 
The  disease  ioa y occur  in  eyes  which  are  otherwise  entirely  normal,  or  in 
association  with  albuminuric  retinitis,  retinochorioiditis,  or  retinitis  pig- 
mentosa. As  regards  the  etiology  of  the  affection,  Cirincione  says:  “The 
first  cause  of  this  hyalin  transformation  and  subsequent  calcareous  deposit  in 
the  ^/ipilla,  however,  remains  to  be  determined.”  CollQid  formations  found 
ir.  the  nerve-head  are  quite  distinct  from  the  excrescences  which  spring 
from  the  lamina  vitrea  of  the  chorioid.  While  hyalin  bodies  are  more 
frequent  among  elderly  persons,  they  have  also  been  observed  in  children. 
There  is  no  treatment  for  the  disease. 


DISEASES  OF  THE  OPTIC  NERVE. 


533 


INFLAMMATION  OF  THE  OPTIC  NERVE. 

The  optic  nerve  may  become  inflamed  in  any  part  of  its  course.  It  is 
customary  arbitrarily  to  class  its  inflammations  under  two  divisions:  (1) 
inflammation  of  the  nerve-head,  known  also  as  papillitis,  intra-ocular  optic 
neuritis,  or  choked  disc j and  (2)  inflammation  of  the  nerve  behind  the 
eyeball,  known  as  retrobulbar  optic  neuritis.  In  the  first  form  the  pathologic 
changes  can  be  studied  by  ophthalmoscopy,  while  in  the  second  type  the 
existence  of  the  disease  must  be  inferred  from  the  subjective  symptoms. 

Intra-ocular  Optic  Neuritis  (Choked  Disc;  Papillitis:  Stauungspapille). 
This  condition  is  of  great  importance  because  of  the  likelihood  of  its 


Fig.  333. — Hyalin  bodies  in  the  optic  disc.  (Nieden.J 

passing  into  atrophy,  and  for  the  further  reason  that  the  presence  of  in- 
flammation of  the  nerve-head  is  of  value  in  the  diagnosis  of  certain  diseases 
of  the  brain  and  of  the  blood.  Generally  the  affection  is  bilateral. 

Symptoms. — Intra-ocular  optic  neuntis  may  show  no  symptoms  ex- 
cept the  ophthalmoscopic  signs  and  changt;  in  the  field  of  vision.  Visual 
acuity  may  be  normal,  slightly  or  markedly  impaired.  If  the  macular 
bundle  of  nerve-fibres  is  involved  vsion  will  be  seriously  affected.  Ex- 
ternally, the  eye  may  appear  +o  oe  normal ; in  complete  blindness  the  pupil 
will  be  dilated  and  the  iris  immobile.  The  field  of  vision  may  show  per- 
ipheric contraction,  sector-1  ike  defects,  enlargement  of  the  blind  spot, 
scotomata,  or  hemianopsia.  Inversion  and  interlacing  of  the  color-fields, 
often  found  in  bram -turner,  may  precede  the  fundus  changes.  The  fields 
for  red  and  green  are  generally  lost  before  those  for  other  colors.  Color- 
perception  may  bt  defective  in  persons  who  present  no  loss  of  visual  acuity 
and  no  limitation' of  the  form-fields.  It  is  evident  that  little  dependence 
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can  be  placed  upon  the  subjective  symptoms.  The  diagnosis  must  rest  on 
the  findings  of  the  ophthalmoscope. 

The  ophthalmoscopic  appearances  (Fig.  1,  Plate  XXIII)  include 
hyperemia  with  edema  of  the  nerve-head;  obscuration  of  the  outlines  of 
the  disc;  the  presence  of  a papillary  swelling  of  the  optic-nerve  head  of 
greater  or  less  degree;  hemorrhages;  and  dilation  of  the  retinal  veins, 
the  arteries  being  of  normal  calibre  or  contracted.  The  swollen  nerve- 
head,  with  its  numerous  distorted  vessels,  makes  a characteristic  picture. 

The  Nerve-head  may  present  only  a slight  hyperemia,  slight  swelling, 
and  blurring.  In  pronounced  cases  the  swelling  forms  an  elevation  of 
several  dioptres5  height.  The  elevated  area  is  of  a grayish-white  color,  is 
clouded,  and  presents  radiating  striae.  It  gradually  runs  into  the  surround- 
ing retina.  The  boundaries  of  the  nerve-head  are  obliterated  and  the 
location  of  the  papilla  becomes  known  only  by  the  convergence  of  the 
vessels.  The  hyperemia,  which  is  often  intense,  may  be  confined  to  the 
area  of  the  swollen  papilla  or  may  also  involve  the  adjacent  retina.  Hemor- 
rhages are  often  seen  in  the  swollen  tissue.  In  cases  of  intracranial  gro  vths 
which  have  produced  double  (bilateral)  optic  neuritis,  attempts  ha^e  been 
made  to  distinguish  cerebral  from  cerebellar  growths  by  the  a )rearance  of 
the  swollen  disc.  Oliver  states  that  in  subtentorial  (cerebe^ar)  tumors  the 
disc  looks  denser  and  harder  than  in  cases  in  which  the  hn.o r is  situated  in 
the  cerebrum. 

The  Vessels  in  papillitis  are  tortuous  and  resemble  a bundle  of  angle- 
worms.  The  veins  are  dilated,  tortuous,  and  Jar*.  The  arteries  are  tor- 
tuous, and  are  either  of  normal  or  of  diminished  calibre.  Both  arteries 
and  veins  are  partly  concealed  by  the  swollen  tissue.  The  light-streak  is 
present,  l^e  adventitia  may  be  thickener  ciusing  the  appearance  of  white 
lines  along  the  vessels.  The  tortuosity  A the  vessels  makes  a picture  which 
has  been  compared  to  the  head  of  ^IcTusa. 

Hemorrhages,  which  are  usually  s nail,  are  not  uncommon.  They  may 
be  limited  to  the  area  of  tho  swollen  papilla  or  may  involve  the  retina  as 
well.  They  may  assume  various  forms.  When  existing  in  the  nerve-fibre 
layer  of  the  retina,  the  y arc  ox  flame-shape.  Only  a single  hemorrhagic  spot 
may  be  .present  or  thert,  may  be  numerous  such  areas. 

Types  of  In ttla -ocular  Optic  Neuritis. — Early  in  the  history  of 
ophthalmoscope  iV  inflammations  of  the  nerve  within  the  globe  were  classi- 
fied as  (1)  it? tending  neuritis , (2)  choiked  disc,  and  (3)  neuroretinitis . 

1.  >top  Traefe,  as  the  result  of  the  ophthalmoscopic  study  of  cases 
of  inL'a-ocalar  optic  neuritis  occurring  in  meningitis,  assumed  that  the 
morbid  process  extended  from  the  cerebral  meninges  along  the  course  of 
the  .u  rve.  Hence  the  term  descending  neuritis.  This  condition  is  charac- 
x^ized  by  moderate  swelling  of  the  nerve-head,  slight  discoloration  of  the 
disc,  slight  changes  in  the  vessels,  and  the  presence  of  an  exudation,  which 
causes  opacity  of  the  papilla.  The  process  tends  to  extend  to  and  involve 
the  retina. 
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2.  In  cases  presenting  marked  swelling  of  the  disc,  hemorrhages,  and 
signs  of  vascular  distension,  von  Graefe  applied  the  term  ee  Stauungspapille, 
which,  in  English,  is  choked  disc. 

3.  Cases  presenting  areas  of  hemorrhages  along  the  course  of  the  retinal 
vessels,  and  areas  of  degeneration  in  the  retina,  together  with  blurring  of 
the  edges  of  the  optic  disc,  or  marked  swelling  of  the  same,  are  known 
by  the  name  neuroretinitis.  This  is  a frequent  condition  in  renal  diseases. 

4.  The  preceding  terms  (Nos.  1 and  2)  carried  with  them  disputed  and 
■confusing  ideas  as  to  causation.  Hence  Leber  proposed  the  term  papillitis, 
to  include  all  the  inflammatory  changes  occurring  in  the  intra-ocular  end 
of  the  optic  nerve. 

5.  Monocular  neuroretinitis  is  of  rare  occurrence.  It  may  result  from 
orbital  causes  (inflammations,  traumatisms)  or  from  intracerebral  causes. 
It  has  been  observed  in  anemic,  rheumatic,  syphilitic,  and  pregnant  pa- 
tients; and  may  result  from  variola,  scarlatina,  or  diphtheria  (Millikin). 

Diagnosis. — While  generally  easily  determined,  if  the  media  are  clear 
the  diagnosis  of  intra-ocular  neuritis  may  present  many  difficulties.  The 
signs  of  greatest  value  are  (1)  obscuration  of  the  edges  of  the  disc,  (2) 
swelling  of  the  nerve-head,  and  (3)  increased  redness  or  change  in  color. 
Of  these,  the  third  is  of  little  value.  Redness  may  be  caused  by  hyper- 
metropia.  If  due  to  eyestrain,  it  will  disappear  in  a short  time  under  the 
influence  of  a mydriatic  and  the  correction  of  the  error  of  refraction.  The 
■disc  is  also  subject  to  physiologic  variations  in  color.  Inflammation  maT/ 
cause  the  disc  to  present  a lilac-gray  tint. 

Obscuration  of  the  Disc-margins  is  a valuable  sign.  Blurrirg  oA  t.ie 
■disc  from  improper  focusing  may  cause  the  beginner  to  diagnosticate  op  tie 
neuritis  in  an  eye  which,  except  for  the  presence  of  an  error  cl  refraction, 
is  normal.  Fine,  dust-like  opacities  in  the  vitreous  humoi  may  produce 
an  obscuration  resembling  that  which  is  found  in  the  earhr  stages  of  optic 
neuritis.  These  opacities  can  be  seen  by  the  aid  of  a strong  convex  lens 
placed  behind  the  ophthalmoscope,  under  reduced  illumination.  Obscura- 
tion of  the  nerve-margins  from  the  presence  of  hyalm  bodies  or  from  opaque 
nerve-fibres  can  scarcely  be  mistaken  for  neuritis.  Tags  of  connective  tissue 
may  obscure  parts  of  the  optic  disc,  formi  lg  a thin,  gauze-like  veil,  whitish 
patches,  or  delicate  shreds.  If  congenital,  tney  will  hide  the  vessels;  if 
resulting  from  disease,  the  vessels  will  be  constricted. 

Swelling  of  the  Nerve-liead  is  iharacteristic  of  intra-ocular  optic  neuri- 
tis. The  difference  in  level  betw  een  tne  retina  and  papilla  can  be  determined 
by  the  parallactic  test  and  by  direct  ophthalmoscopic  examination.  The 
prominence  is  best  seen  with  Lho  binocular  ophthalmoscope. 

The  congenital  corffi.’tion  known  as  spurious  optic  neuritis  may  cause 

mistakes  in  diagnosis  (see  page  541). 

Etiology. — Lmong  the  causes  of  optic  neuritis  are  alcoholism,  anemia, 
aneurisms,  carlo''  of  the  adjacent  bones,  chlorosis,  leukemia,  cerebral  abscess, 
cerebral  hem)r*hage,  cerebritis,  meningitis,  epilepsy,  chorea,  general  paraly- 
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sis,  disseminated  sclerosis,  hydrocephalus,  hydatids,  lead  poisoning,  tubercu- 
losis, malaria,  rheumatism,  gout,  syphilis,  injuries  of  the  head  and  spine, 
myelitis,  tetany,  loss  of  blood,  orbital  diseases,  nasal  diseases,  pertussis, 
typhoid  and  typhus  fevers,  renal  diseases,  diabetes,  pneumonia,  suppurative 
diseases  of  the  ear,  errors  of  refraction,  eyestrain,  tumors  of  the  brain, 
tumors  growing  from  the  meninges  or  optic  nerve,  congenital  deformities 
of  the  skull,  pregnancy,  retained  secundines,  heat-stroke,  menstrual  dis- 
orders, excessive  lactation,  checking  of  the  lacteal  secretion,  and  heredity. 
The  most  frequent  cause  is  intracranial  tumor,  double  optic  neuritis  occur- 
ring in  from  80  to  95  per  cent,  of  these  c^ses.  All  types  of  morbid  cerebral 
growth  are  likely  to  cause  papillitis.  Second  in  frequency  as  an  etiologic 
factor  is  meningitis.  The  third  place  should  probably  be  assigned  to 
syphilis.  Multiple  sclerosis  rarely  causes  optic  neuritis,  Uhthoff  having 
found  the  condition  only  five  times  in  one  hundred  cases,  and  in  only  three 
was  the  neuritis  of  high  degree. 

Pathology. — In  cases  of  pronounced  papillitis  the  swollen  nerve-head 
is  seen  macroscopically  as  a mass  projecting  beyond  the  retina.  The  ad- 
jacent retina  is  pushed  aside  and  in  neuroretinitis  it  is  thrown  iuto  lolds. 
In  some  cases  an  ampulliform  swelling  of  the  distal  end  of  tbo  eptic  nerve 
is  present.  Microscopic  examination  shows  edema  and  swelling,  hemor- 
rhagic extravasations,  and  varicosities  of  the  nerve-fibres.  There  is  slight 
infiltration  of  leucocytes.  In  interstitial  neuritis  the  n on  id  process  begins 
in  the  sheath  and  septa.  Edema,  cellular  infiltration,  ^nd  fibrinous  exuda- 
tion are  followed  by  a new  formation  of  connective  tissue.  Atrophy  of  the 
nerve-fibres  ensues  and  leads  to  scotomata  and  sector-like  defects  in  the 
field  of  vision. 

Course. — The  disease  may  be  acute  oi  chronic.  It  may  appear  sud- 
denly, reaching  its  greatest  development  within  a few  days ; or  it  may  come 
on  slowly,  lasting  for  months  or  ev^  y^ers  and  be  attended  with  progressive 
loss  of  vision.  Second  attack?  of  i.  itra-ocular  optic  neuritis  have  been 
reported. 

Prognosis. — This  must  b*  guarded,  since  it  is  impossible  to  determine, 
at  the  first  examination,  whjther  the  disease  will  end  in  blindness,  partial 
loss  of  vision,  or  restore f mu  of  visual  acuity.  The  cause  must  be  determined, 
if  possible.  If  due  +o  syphilis,  rheumatism,  disorders  of  menstruation,  or 
anemia,  the  prognosis  will  be  favorable.  Intra-ocular  optic  neuritis  which 
is  produced  M intracranial  lesions  offers  an  unfavorable  prognosis. 

Mechanism  of  Papillitis. — Many  theories  have  been  advanced  to 
account  tur  the  mechanism  of  papillitis. 

1.  von  Graefe  attributed  the  papillitis  which  accompanies  meningitis 
to  “descending  neuritis.”  The  swelling  of  the  nerve-head,  which  is  found 
;n  intracranial  diseases,  he  attributed  to  obstruction  of  the  return  of  blood 
from  the  eye,  by  compression  of  the  cavernous  sinus.  This,  known  as 
the  baclc-water  theory , held  sway  until  1869,  when  Sesemann  showed  that 
the  communication  between  the  orbital  and  facial  veins  is  so  free  that  pres- 
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sure  on  the  cavernous  sinus  can  produce  only  transient  engorgement  of  the 
retinal  veins. 

2.  Stellwag  in  1856  and  Manz  in  1865  showed  that  the  sheath  of 
the  optic  nerve  is  distended  in  optic  neuritis  produced  by  brain  tumors  and 
meningitis.  In  1869  Schwalbe  demonstrated  that  the  subvaginal  space 
around  the  optic  nerve  is  continuous  with  the  subdural  space  around  the 
brain.  The  same  year  Schmidt-Eimpler  attributed  papillitis  to  distension 
of  the  optic-nerve  sheath,  thus  originating  the  lyrnph-sjjp.ee  theory.  Manz, 
who  supported  this  theory  in  1871,  attributed  the  intra-ocular  changes  to 
simple  pressure  on  the  nerve  and  blood-vessels.  Schmidt-Rimpler  sug- 


Fig.  334.— Photomicrograph  of  the  optic -nerve  fleau  m case  of 
tumor  of  the  btain.  (Autlom  ) 

1,  Swollen  nerve-head!  2,  Retina.  5,  Sclera.  4.  Sheath  if  U e nerve.  5,  Orbital  portion 

of  the  nerve 

gested  that  optic  neuritis  was  due  to  the  irritant  nature  of  the  fluid  dis- 
tending the  lymph-spaces. 

3.  Leber  in  1881  rejected  both  thi  •‘mechanical  pressure”  idea  of  Manz 
and  the  “irritation”  theory  of  Schmidt-Eimpler.  He  held  that  the  dis- 
tension of  the  sheath  is  the  m.  mediate  cause  of  papillitis,  by  reason  of  the 
conveyance  of  pathogenic  material  to  the  optic  nerve  behind  the  eye.  This 
was  the  beginning  of  the  inflammatory  theory,  which  has  undergone  various 
modifications.  Deuuch  nann  in  1887  accepted  it  and  published  the  results 
of  confirmatory  experiments. 

4.  Bened il ; Iiughlings  Jackson,  and  Brown-Sequard  held  that  an  in- 
tracranial tumor  acts  as  a foreign  body,  causes  irritation,  and  produces  a 
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reflex  influence  (via  the  vasomotor  nerves)  upon  the  optic-nerve  head. 
This,  known  as  the  vasomotor  theory,  has  been  generally  rejected  because 
it  involves  a mechanism  which  may  not  exist. 

5.  Edmunds  and  Lawford  regard  the  optic  neuritis  which  is  pro- 
duced by  intracranial  lesions  as  due  to  basilar  meningitis,  the  inflamma- 
tion reaching  the  nerve-trunk  by  way  of  its  sheath.  Parinaud’s  theory 
is  founded  upon  the  coincidence  of  internal  hydrocephalus  and  papillitis. 
Internal  hydrocephalus  causes  a general  cerebral  edema.  The  optic  nerve 
participates  in  the  process,  the  papilla  becomes  edematous,  and  the  subse- 
quent changes  are  due  to  this  edema. 

6.  The  theory  of  Sourdille  (1901)  is  founded  on  the  coincidence  of 
internal  (ventricular)  hydrocephalus  and  optic  neuritis.  He  calls  atten- 
tion to  the  fact  that  the  anterior  three-fifths  of  the  chiasma  are  covered 
only  by  pia  mater  and  by  the  visceral  layer  of  the  arachnoid,  while  the 
posterior  two-fifths  project  into  the  third  ventricle  and  are  covered  by 
ependyma.  Edema,  originating  in  the  gray  matter  of  the  third  ventricle, 
passes  by  contiguity  to  the  neuroglia  of  the  optic  nerves.  The  ne~vc,  in- 
creasing in  size,  is  compressed  by  the  unyielding  optic  foramen;  tire  return 
circulation  of  the  blood  from  the  veins  of  the  optic  nerve,  which  enter  the 
cranial  cavity,  is  interfered  with,  as  also  is  the  lymphatic  circulation. 
The  interstitial  edema  of  the  nerve  increases  and  the  veins  0f  the  pia 
mater  become  dilated.  A serous  exudate,  which  accumulates  in  the  sub- 
arachnoid spaces,  appears.  Destruction  of  the  sheath.'  of  the  nerves  follows, 
and  thus  is  formed  the  classic  ampullar  dilation.  Tie  central  retinal  artery 
becomes  contracte^d,  but  it  remains  pervious.  Thp  vein  is  reduced  to  a mere 
slit,  and  were  it  not  that  there  developed  a communication  between  the 
papillo-optic  circulatory  system  and  the  vessels  of  the  chorioid  and  scleral 
ring,  vision  would  be  quickly  destroyed  The  development  of  the  collateral 
circulation  produces  those  change;  which  are  visible  ophthalmoscopically 
and  which  are  known  as  “choked  disc.”  The  swelling  is  limited  to  the 
nerve-head,  and  does  not  involve  the  retina  because  of  the  great  com- 
pensatory dilation  which  the  vessels,  traversing  the  lamina  cribrosa,  undergo 
in  performing  the  ex  era  \v  ork  thus  thrown  upon  them.  Another  reason 
for  the  limitation  of  swelling  is  that  the  capillary  anastomosis  exists 
only  in  the  region  of  the  nerve-head.  Hence  the  retina  remains  free  of 
involvement.  This  capillary  anastomosis  influences  the  anatomic  changes 
which  are  found  in  the  lamina  cribrosa.  The  degree  of  swelling  varies 
with  the  pemeability  of  the  central  retinal  vein  and  with  the  relative  size 
of  the  opt. a foramen.  It  may  appear  only  as  a cloudiness,  presenting  the 
appearance  which  von  Graefe  denominated  “a  descending  neuritis.”  Up 
to  this  point  a cure  is  possible,  provided  the  cause  can  be  removed.  In 

• ome  -ases  in  which  the  tumor  of  the  brain  continues  to  grow,  vision  will 
be  retained  for  a long  period.  The  swelling  of  the  papilla  may  diminish, 
owing  to  the  fact  that  atrophy  of  the  nerve  in  the  optic  foramen  renders' 
return  of  fluid  possible ; or  the  improvement  may  be  due  to  a further  devel- 
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opment  of  the  collateral  circulation  through  tiie  veins  of  the  dural  sheath. 
Vision  gradually  is  lost.  Lesions  of  degeneration  appear  in  the  nerve. 
The  peripheral  fibres  are  the  first  to  suffer;  the  central  ones  are  involved 
later  in  the  course  of  the  disease.  Thus  all  the  phenomena  are  the  result 
of  edema  of  the  ependymal  neuroglia,  which  is  an  extension  of  the  edema 
of  the  gray  matter  of  the  brain,  found  in  all  eases  in  the  vicinity  of  growing 
cerebral  tumors. 

Treatment. — This  will  depend  upon  the  cause.  V hen  present  in 
anemic  subjects,  intra-ocular  optic  neuritis  generally  yields  to  a course  of 
treatment  by  tonics.  If  due  to  rheumatism,  salicin,  salicylate  of  sodium, 
the  iodid  of  potassium  or  of  sodium,  pilocarpin,  hot  baths,  etc.,  should  be 
employed.  When  caused  by  syphilis,  active  mercurial  treatment  should  be 
instituted  and  may  be  attended  with  the  use  of  full  doses  of  potassium  iodid. 
Here  pilocarpin  may  be  useful.  Some  authors  use  these  remedies  simul- 
taneously, employing  mercury  by  inunction,  potassium  iodid  by  the  mouth, 
and  pilocarpin  hypodermically.  The  author  has  seen  marked  improvement 
from  the  intravenous  use  of  salvarsan.  The  application  of  cups  or  of 
leeches  to  the  temples  is  used  by  some  surgeons  with  possible  benefit.  The 
eyes  should  be  protected  by  the  use  of  dark  glasses. 

Trephining  of  the  skull,  and  excision  of  tumors  where  this  is  possible, 
will  often  be  followed  by  benefit  because  of  the  reduction  of  intra-cranial 
pressure.  Local  surgical  measures,  such  as  incision  of  the  distended  vaginal 
sheath,  have  not  met  with  favor.  In  a few  cases  trephining  of  the  ethmoidal 
and  sphenoidal  sinuses  has  given  excellent  results. 

Retrobulbar  Optic  Neuritis  (Orbital  Optic  Neuritis)  .—Inflammation 
of  the  orbital  portion  of  the  optic  nerve  may  occur  as  an  acute  or  as  a 
chronic  process.  Owing  to  the  location  of  the  lesion,  the  ophthalmoscopic 
signs  are  either  slight  or  not  characteristic.  After  the  neuiltis  has  sub- 
sided the  optic-nerve  head  will  show  atrophy. 

Acute  Retrobulbar  Optic  Neuritis. — This,  the  fn’minant  form  of 
retrobulbar  neuritis,  is  of  rare  occurrence. 

Etiology. — Among  the  causes  are  rheumatism,  gout,  syphilis,  tubercu- 
losis, exposure  to  intense  cold,  and  infectious  diseases  (influenza,  etc.). 
It  has  been  seen  to  follow  typhoid  fever,  cai  finoma  of  the  stomach,  poison- 
ing by  the  bite  of  a scorpion  (Gonzales),  lead  poisoning,  and  diabetes. 
Vail  has  observed  retrobulbar  optic  neuritis  in  cases  of  intranasal  disease 
with  involvement  of  the  sphenoid  Lone.  The  disease  may  follow  facial 
paralysis,  the  optic  neuritis  occurring  several  months  or  years  after  the 
involvement  of  the  facial  nerve.  Alveolar  abscess,  by  causing  orbital 
periostitis,  may  produce  Lhe  disease.  Orbital  cellulitis  is  also  a cause. 
Some  patients  with  disseminated  sclerosis  show  great  loss  of  vision  without 
marked  ophthalmoscopic  signs,  one  eye  usually  being  affected.  In  this 
disease  bilateral  involvement  is  more  frequent  in  the  form  of  chronic 
retrobulbar  optic  neuritis. 
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Symptoms.  The  symptoms  include  sudden  diminution  or  obscuration 
of  sight,  beginning  in  the  centre  of  the  field  and  leading  rapidly  to  great 
loss  of  vision  or  to  complete  blindness.  In  some  cases  the  papilla  is 
swollen  and  both  eyes  are  affected,  thus  resembling  the  intra-ocular  optic 
neuritis  which  is  associated  with  intracranial  disease.  In  such  retrobulbar 
cases  the  changes  in  the  disc  are  not  gross,  and  there  is  an  absence  of  other 
symptoms  of  intracranial  disease.  Orbital  pain  and  tenderness  are  present 
in  this  form  of  retrobulbar  neuritis.  However  thorough  the  restoration 
of  vision  may  be,  the  optic  disc  in  cases  of  retrobulbar  neuritis  shows  evi- 
dence of  the  past  attack,  in  the  form  of  pallor  of  the  temporal  half  of  the 
nerve-head.  Blindness  may  appear  in  from  one  to  eight  days.  Headache 
or  dull  pain  in  the  orbit  is  generally  present.  At  first  the  ophthalmoscope 
shows  nothing  pathologic;  but  later  the  nerve-head  becomes  hyperemic, 
the  margins  are  blurred,  the  surrounding  retina  is  hazy,  and,  in  rare 
instances,  small  retinal  hemorrhages  and  grayish  or  yellowish  spots  of 
exudation  appear  in  the  macular  area.  The  arteries  may  be  diminished  in 
calibre,  while  the  veins  are  enlarged  and  tortuous.  Movement  of  tht  eye, 
or  direct  backward  pressure  upon  it,  will  cause  pain.  Pain  is  limited  to 
the  diseased  side  and  is  unaccompanied  by  vomiting.  Occurring  ?’n  cases  of 
acute  or  subacute  myelitis,  there  may  be  marked  swelling  ct  the  nerve- 
head.  Obviously  the  line  between  intra-ocular  and  retrobulbar  optic  neuri- 
tis is  sometimes  an  arbitrary  one.  After  weeks  or  nmnMi?  signs  of  atrophy 
of  the  optic  disc  appear.  Usually  only  one  eye  is  involved.  If  the  second 
eye  becomes  affected,  there  is  generally  an  mterwi  of  months.  Visual 
acuity  is  worse  in  a bright  light.  Patients  often  complain  of  seeing  objects 
as  through  a moving  haze.  Dimness  of  sight  may  be  complained  of  where 
vision  is  /6 , and  color-scotomata  may  bf  found.  As  a rule,  vision  is 
reduced  to  one-fourth  or  one-third  tlio  normal.  With  the  decline  of  the 
acute  symptoms,  the  ophthalmoscope  evidences  of  optic-nerve  atrophy 
become  manifest. 

Pathology.  The  changes  mciude  atrophy  of  the  nerve-fibres,  increase 
of  the  nuclei,  and  thickening  of  the  trabeculae  and  of  the  walls  of  the  small 
\essels.  Gunn  states  tha*  ^allor  of  the  optic  disc  occurring  subsequent  to 
retro-ocular  neuritis  does  not  necessarily  mean  atrophy  of  the  nerve-fibres, 
but  may  be  due  fo  increase  of  connective  tissue  secondary  to  lymphatic 
obstruction. 

Diagnosis.  -The  disease  is  to  be  differentiated  from  suddenly  dis- 
covered ccngenital  amblyopia  and  from  hysteric  amblyopia. 

Prognosis. — Acute  retrobulbar  optic  neuritis  runs  an  acute  course, 
whmh  ends  either  in  complete  or  in  partial  recovery.  Kecovery  of  useful 
visloi  is  possible  if  improvement  begins  early.  Nettleship  believes  that  the 
affection  may  be  a forerunner  of  spinal-cord  disease.  In  favorable  cases 
vision  will  become  normal.  In  unfavorable  ones  there  will  be  a central 
scotoma.  Since  the  disease  may  cause  blindness,  a guarded  prognosis  should 
be  given. 
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Treatment. — Where  possible,  this  must  be  carried  out  according  to  the 
etiology  of  the  disease.  Best  of  the  eyes  and  the  energetic  use  of  dia- 
phoretics will  be  advisable.  If  rheumatism  is  regarded  as  a cause,  salicylate 

of  sodium  should  be  given.  . 

Chronic  Retrobulbar  Optic  Neuritis  (Toxic  Amblyopia).  This 
may  follow  repeated  acute  attacks,  or  the  disease  may  be  chronic  from  the 

beginning.  . , , ,, 

Etiology. — Among  the  causes  are  rheumatism,  gout,  exposure  to  cold, 
periostitis,  meningitis,  disseminated  sclerosis,  systemic  poisoning  with 
drugs,  and  heredity.  The  cases  which  are  due  to  poisoning  with  drugs 
are  classified  as  instances  of  toxic  amblyopia  and  are  discussed  elsewhere 
in  this  chapter. 

Symptoms. — There  is  gradual  reduction  in  visual  acuity,  with  the  pres- 
ence of  a central  scotoma.  The  ophthalmoscopic  findings  may  be  negative 
or  there  may  be  pallor  of  the  temporal  segment  of  the  optic  disc.  The 
symptoms  will  be  more  fully  considered  under  “Toxic  Amblyopia. 

Prognosis. — This  is  favorable,  provided  the  cause  can  be  removed  before 
atrophy  of  the  nerve-fibres  ensues. 

Treatment. — This  will  be  the  same  as  that  given  for  toxic  amblyopia. 

Optic  Neuritis  with  Nasal  Discharge. — A few  cases  have  been  reported 
in  which  there  was  persistent  dropping  of  watery  fluid  from  one  side  of  the 
nose  (usually  the  left),  preceded  or  followed  by  severe  cerebral  symptoms, 
and  associated  with  optic  neuritis,  which  led  to  atrophy  and  blindness. 
The  cerebral  symptoms  include  headache,  vertigo,  vomiting,  stupidity,  epi- 
leptiform  seizures,  sleepiness,  delirium,  coma,  loss  of  power  in  th<>  lower 
extremities,  great  reduction  or  complete  loss  of  vision,  and  papil  itii. 
Both  eyes  are  affected.  Analyses  of  the  nasal  discharge  have  not  shea  much 
light  upon  the  nature  of  the  disease.  In  Nettleship’s  case  the  fluid  was 
attributed  to  a diseased  nasal  mucous  membrane,  and  did  not  show  the 
characteristics  of  cerebro-spinal  fluid.  Priestley  Smith,  who  observed  two 
cases  of  this  rare  disease,  inclined  to  the  view  that  disease  if  the  nose  or  of 
its  accessory  cavities  is  responsible  for  the  cerel’-a1  :ymptoms.  Leber  has 
recorded  a case  of  internal  hydrocephalus  associated  with  dropping  of  fluid 
from  the  nose.  He  believes  that  the  fluid  had  its  origin  in  the  third  ven- 
tricle, escaping  through  an  opening  in  th*.  ethmoid  bone,  or  from  the 
subdural  space  via  lymph-spaces  sui rounding  the  olfactory  nerves.  The 
whole  subject  demands  further  study.  The  prognosis  is  unfavorable  both 
as  regards,  vision  and  life.  Tree  ;mmt  thus  far  has  been  without  result. 

Spurious  Optic  Neuritis,  J though  it  is  a congenital  anomaly,  will  be 
mentioned  in  this  place.  Th  ^ isrm  is  used  to  describe  a condition  in  which 
the  nerve-head  is  unusual: y prominent,  the  disc-margins  are  blurred,  and 
white  lines  accompany  the  unusually  tortuous  retinal  vessels.  The  disc 
may  be  red,  giving  the  appearance  of  hyperemia;  or  it  may  be  pale  and 
blurred,  resembling  a subsiding  neuritis.  The  prominence  of  the  disc  is 
sufficient  to  p irinit  the  expert  ophthalmoscopist  to  measure  it.  Since  these 
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appearances  are  observed  only  in  hypermetropic  eyes,  the  term  hyper- 
metropic disc  seems  to  be  appropriate.  The  degree  of  error  has  no  influ- 
ence upon  the  anomaly.  So  closely  does  spurious  optic  neuritis  resemble 
true  inflammation  of  the  nerve-head  that  the  differentiation  can  be  made 
only  by  the  fact  that  the  former  condition  remains  stationary.  Vision  in 
these  cases  is  usually  normal  after  the  refraction-error  has  been  corrected. 
The  fields  of  vision  are  also  normal. 


TOXIC  AMBLYOPIAS. 

Toxic  Amblyopia. — This  term  is  applied  to  cases  of  dimness  of  vision 
which  are  caused  by  toxic  substances.  Among  the  synonyms  are  chronic 
retrobulbar  optic  neuritis;  intoxication-amblyopia;  alcohol-amblvopia ; 
quinin-amaurosis ; tobacco-amblyopia;  malarial  amblyopia,  etc. 

Etiology.  Among  the  agents  which  are  capable  of  producing  toxic 
amblyopia  are : alcohol,  tobacco,  bisulphid  of  carbon,  iodoform,  stramonium, 
tea,  coffee,  chocolate,  thyroidin,  salicylic  acid  and  the  salicylates,  lead  salts, 
quinin,  oil  of  wintergreen,  filix  mas,  pelletierin,  nitrobenzol  and  dmitro- 
benzol,  anil  in,  ergot,  the  venom  of  serpents,  mercury,  phosphorus,  sulphur, 
antipyrin  and  antifebrin,  carbolic  acid,  cannabis  Indica,  conium,  digitalis, 
carbonic  acid  gas,  naphthalin,  santonin,  mescal,  strychnin,  nitrite  of  amyl, 
the  mydriatic  drugs,  gelsemium,  curare,  cocain,*  euca  n,  holocain,  benzin, 
nitroglycerin,  and  synthetic  compounds  of  arsenic — ntoxyl,  soamin,  etc. 

Symptoms.  I lie  chief  symptom  is  a disturbance  or  loss  of  vision. 
The  patient  will  complain  of  “misty”  or  “foggy”  vi?  ion.  He  will  notice  diffi- 
culty in  reading,  and  this  will  cause  him  m ask  the  surgeon  for  glasses  or 
for  a change  in  lenses.  At  this  early  stage  central  vision  may  be  normal  or 
slightly  reduced.  Ophthalmoscopic  examination  will  show  a pallor  of  the 
teniporal_segmen t of  the,  nerve-head  with  or  without  slight  blurring  of  the 
margins  of  the  disc.  The  nasal  aide  of  the  disc  may  be  hyperemic.  Retinal 
hemorrhages  may  be  present.  Perimetric  examination  will  show  the  pres- 
ence of  negative  central  scotomata,  which  are  of  oval  shape  and  include 
the  blind  spots  and  fixation -points.  In  this  zone  there  is  loss  of  color- 
vision.  Green  is  the  vrst  color  to  disappear,  and  is  followed  by  the  loss  of 
red  and  blue.  Finally  form-perception  is  lost  in  this  area. 

In  advanced  cases  vision  is  reduced  to  2%0  or  even  to  G/2oo  for  far, 
and  to  the  reading  of  Jaeger,  5 to  14  for  near.  The  temporal  segment  of 
the  nerve-head  is  then  of  a chalky-white  color. 

Pathology. — Holden  and  Nuel  have  shown  that  the  first  change  in 
toxic  amblyopia  is  chromolysis  of  the  retinal  nerve-cells.  This  progresses 
an4  ffie  nerve-ceks  are  destroyed.  The  optic-nerve  changes — destruction 
)f  iei  ve-fibres,  proliferation  of  the  interstitial  connective  tissue,  etc. — are 
secondary  to  the  retinal  lesions.  It  seems  to  be  definitely  settled  that  quite 
diverse  types  of  optic  neuritis  are  of  parenchymatous  nature.  These  neu- 
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ritides  are  tabetic  retrobulbar  optic  neuritis,  infectious  microbic  optic  neuri- 
tis, simple  white  atrophy,  and  some  forms  of  papillitis.  Birch-IIirschfeld 
states  that  the  pathologic  changes  in  toxic  amblyopia  have  a double  origin 
(in  the  retina  and  in  the  optic  nerve),  but  thinks  that  the  ganglion- 
cell changes  in  the  retina  precede  or  at  least  come  at  the  same  time  as  the 
nerve-fibre  degeneration. 

Quinin-amaurosis. — Quinin  may  cause  a temporary  amblyopia  or  an 
amaurosis  which  presents  grave  symptoms.  While  this  condition  is  called 
quinin-blindness,  it  may  be  caused  by  any  of  the  alkaloids  found  in  the  bark 
or  may  result  from  a large  dose  of  the  tincture  of  the  bark.  The  sulphate 
and  bisulphate  of  quinin  are  more  active  than  other  salts.  Owing  to  the 
fact  that  in  most  of  the  cases  the  patients  were  suffering  from  general  dis- 
eases,—such  as  malaria,  syphilis,  meningitis,  pneumonia,  typhoid  fever, 
gastro-enteritis,  etc., — it  has  been  doubted  that  the  blindness  was  due  to  the 


Fig.  335. — Fields  of  vision  in  a case  of  quinin-amaurosis.  (Autti^k  ) 

Taken  two  weeks  after  the  ingestion  of  sixty  grains  of  the  drug  in  twenty-four  :~ars. 

ingestion  of  quinin.  On  the  other  hand,  the  exact  onuxoal  picture  of 
quinin-amaurosis  can  be  produced  in  dogs. 

The  dose  causing  blindness  has  varied  from  grains  to  1 ounce  in 
twenty-four  hours.  Occasionally  temporary  Mindness  has  appeared  after 
the  administration  of  15  grains  in  divided  coses  in  twenty-four  hours.  Of 
69  cases  gathered  from  literature  by  d<*  Scnweinitz,  42  were  males,  20 
females,  and  in  7 the  sex  was  not  given.  ‘ihe  ages  varied  from  3 to  65  years. 
Thirty-four  were  under  40  years  of  ege  One  case  is  recorded  in  which  a 
negro  became  blind  from  quinin. 

The  symptoms  of  quinin -cunrurosis  are : — 

1.  Total  blindness  following  the  ingestion  of  large  quantities  of  quinin. 

2.  Contraction  of  the  usual  fields. 

3.  Marked  contrac;io  i of  the  retinal  blood-vessels. 

4.  Pallor  of  the  optic  discs. 

The  pupils  'it-j  widely  dilated  and  do  not  contract  on  exposure  to  light ^ 
but,  according  ;o  some  observers,  they  contract  to  a slight  extent  on  accom- 
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modative  effort.  This  was  true  of  a patient  seen  by  the  author.  Ery- 
thropsia  has  been  observed  in  one  case. 

Pathology. — To  explain  the  occurrence  of  this  type  of  amaurosis  we 
must  look  to  the  vasomotor  system.  In  dogs  poisoned  by  quinin  de 
Schweinitz  found  thickening  and  changes  in  the  walls  of  the  optic-nerve 
vessels  (endovasculitis),  thrombosis  of  the  central  artery  with  organization 
of  the  clot,  and  complete  atrophy  of  the  visual  tracts.  Holden  has  shown 
that  the  toxic  effect  is  exerted  primarily  upon  the  ganglion-cells  of  the 
retina. 

Diagnosis. — Quinin-amaurosis  might  be  mistaken  for  embolism  or 
thrombosis  of  the  retinal  vessels.  These  affections  are  unilateral,  while 
quinin-amaurosis  is  almost  always  bilateral. 

Prognosis  is  favorable  so  far  as  the  restoration  of  central  vision  is 
concerned.  In  grave  cases  the  visual  field  is  not  restored  in  its  entirety.  In 
one  instance  the  patient  was  practically  blind  two  years  after  the  adminis- 
tration of  quinin,  vision  in  the  better  eye  being  equal  to  perception  of  move- 
ments of  the  hand  at  six  feet.  It  is  probable  that  other  cases  equally 
unfortunate  have  occurred,  but  have  not  been  reported. 

Treatment. — The  drug  should  be  discontinued.  The  pai>nt  should 
be  placed  in  the  recumbent  position.  He  should  be  fed  v Hli  nutritious 
substances,  such  as  beef-broth,  soups,  etc.  Inhalations  of  nitrite  of  amyl 
can  be  cautiously  tried.  Strychnin  should  be  used  1 y !' he  mouth  or  hypo- 
dermically. 

Methyl-alcohol  Amblyopia. — Owing  to  iL  eWpness,  wood-alcohol  is 
coming  into  extensive  use  in  the  arts,  replacing  ethyl-alcohol.  Methyl- 
alcohol  when  taken  by  the  stomach,  or  when  inhaled,  may  cause  blindness. 
Most  of  the  reported  cases  concerned  p .irs<.  ns  who  had  become  drunk  by  the 
use  of  wood-alcohol  or  had  imbibed  freely  of  a cheap  quality  of  Jamaica 
ginger.  The  disease  has  been  ohm.  v?d  also  among  artisans  (painters,  shel- 
lackers)  who  work  with  preparation containing  wood-alcohol.  The  poison- 
ous action  of  the  drug  is  manifested  by  headache,  vomiting,  dizziness,  and 
dimness  of  vision.  The  nepils  will  be  widely  dilated  and  may  react  to 
light,  but  not  to  a jcomr°jdation.  The  field  of  vision  will  be  contracted 
peripherally  and  wiJ  show  a central  scotoma;  and  there  will  be  a reduction, 
of  greater  or  lees  degree,  of  visual  acuity.  In  a few  days,  vision  may  im- 
prove, but  th°  improvement  is  only  temporary.  Ophthalmoscopic  examina- 
tion will  give  different  results,  according  to  the  time  which  has  elapsed 
since  the  intoxication  and  according  to  the  amount  of  the  toxic  substance 
imbibed  or  inhaled. 

Early  in  the  case  there  may  be  no  visible  changes.  Sherer,  on  the 
ether  hand,  records  a case  in  which  examination  made  one  day  after  in- 
toxication showed  a greenish-white  discoloration  of  both  optic-nerve  heads, 
together  with  atrophic  cupping. 

Diagnosis. — The  history  of  imbibition  of  methyl-alcohol  or  of  prepara- 
tions containing  it,  or  exposure  to  its  fumes,  together  with  such  symptoms 
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as  headache,  nausea,  vomiting,  dizziness,  mental  disturbances,  and  loss  of 
vision,  will  lead  to  a correct  deduction. 

Prognosis  must  be  guarded. 

Treatment. — This  includes  pilocarpin  sweats  and  the  use  of  potassium 
iodid  and  strychnin. 

Ptomain-poisoning  (Allantiasis;  Botulism). — The  toxic  substances 
found  in  decaying  meats,  in  putrid  fish,  Cfhigh”  game,  decomposed  sausage, 
etc.,  cause  amblyopia.  Other  ocular  symptoms  are  paresis  or  paralysis  of 
the  accommodation,  ptosis,  and  paralysis  of  the  extra-ocular  muscles.  If 
death  does  not  occur,  the  ocular  symptoms  may  rapidly  disappear.  In 
some  cases  the  paralyses  remain  and  are  attributed  to  nuclear  hemorrhages 
or  to  basilar  meningitis.  Treatment  will  consist  of  stimulants,  tonics,  etc. 

ATROPHY  OF  THE  OPTIC  NERVE. 

Atrophy  of  the  Optic  Nerve. — The  term  atrophy  of  the  optic  nerve 
is  applied  to  conditions  in  which  there  is  a degeneration  of  the  nerve-fibres 
and  an  overgrowth  of  connective  tissue.  The  disease  may  be  primary  or 
secondary. 

Primary  Optic-Nerve  Atrophy  (Fig.  1>  Plate  XXII)  develops  with- 
out previous  visible  signs  of  inflammation.  As  a rule,  both  eyes  are 
involved,  the  process  being  more  advanced  in  one  than  in  the  other.  The 
optic  disc  is  shallowed  and  changed  in  color,  and  the  disc-margins  are 
clearly  defined. 

Secondary  Optic-Nerve  Atrophy  (Fig.  2,  Plate  XXII)  develops  ns 
a result  of  a previous  inflammatory  process,  which  may  be  located  in  ihe 
brain  or  its  membranes,  in  the  chorioid,  in  the  retina,  or  in  the  nerve-head. 
The  disc-margins  are  blurred  by  the  deposition  of  connective  tissue  upon 
them.  The  distinctions  given  above  are  based  on  clinical  appearances. 
Pathologic  studies  have  shown  that,  in  many  cases,  what  clinicians  call 
simple  or  primary  atrophy  of  the  optic  nerve  is  due  to  ^drenchymatous 
neuritis  (Nuel). 

External  and  Subjective  Symptoms. — The  external  appearance  is 
that  of  the  normal  eye,  except  that  in  total  blindness  the  pupils  will  be 
dilated  and  irresponsive  to  light.  In  some  ".aset , particularly  those  due  to 
tabes,  the  pupils  are  small,  reacting  to  accommodation  and  convergence, 
but  not  to  light  (Robertson  pupil).  Pain  and  photophobia  are  generally 
absent.  The  disturbance  in  vision  is  manifest  in  a lowering  of  visual  acuity, 
a contraction  of  the  form-field,  and  a contraction  of  the  color-field. 

1.  The  loss  of  central  vision  varies  from  a slight  reduction  to  com- 
plete blindness.  Any  existing  error  of  refraction  should  be  corrected  before 
deciding  that  a loss  in  visa*’  acuity  is  present.  If  the  atrophy  is  bilateral, 
the  loss  of  vision  is  generally  greater  on  one  side.  Vision  is  impaired  both 
for  distance  and  for  near. 

2.  Contraction  of  the  field  for  white  is  found  at  an  early  date.  The 
common  defect  is  a concentric  contraction  which  progresses  until  only  a 
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small  central  vision-area  remains.  Quadrant-shaped  defects,  hemianopsia, 
and  central  and  ring-shaped  scotomata  have  been  observed. 

3.  Contraction  of  the  color-field  is  an  almost  constant  symptom,  the 
colors  being  lost  in  the  following  order:  Green,  red,  blue,  yellow. 

4.  The  light-sense  is  diminished. 

Ophthalmoscopic  Changes  are  found  in  the  nerve-head,  in  the  sur- 
rounding tissues  of  the  fundus,  and  in  the  blood-vessels. 

In  primary  atrophy  (Fig.  1,  Plate  XXII)  the  margins  of  the  optic 
disc  are  well  defined.  The  disc  itself  presents  a stippled  appearance,  and 
is  of  a grayish  or  bluish  color.  The  surface  of  the  disc  is  slightly  concave, 
and  the  physiologic  cup  is  not  filled.  The  vessels  are  slightly  reduced  in 
calibre.  The  fundus  looks  normal. 

In  secondary  atrophy  (Fig.  2,  Plate  XXII)  the  disc-margins  may  be 
irregular,  and  are  blurred  in  places.  The  disc  is  of  a dead-white  color. 
It  may  show  a network  of  newly  formed  blood-vessels.  The  surface  of 
the  disc  is  flat,  the  physiologic  cup  being  filled.  The  vessels  are  diminished 
in  calibre  and  white  streaks  accompany  them.  The  fundus  has  lost  stme  of 
its  brightness. 

The  Retinal  Type  of  Optic-Nerve  Atrophy. — Optic-nerve  atrophy, 
which  is  secondary  to  retinal  degeneration,  will  show  a picture  different 
from  those  described  above.  The  disc  will  appear  yellowish,  or,  as  Frost 
says,  waxy  or  of  the  color  of  dirty  parchment.  Th » s irface  of  the  disc 
will  be  flat,  and  often  it  will  be  surrounded  by  a narrow  ring  of  atrophic 
chorioid. 

Embolic  Atrophy. — Here  (Fig.  2.  Piate  XYI)  the  disc  shows  a 
dense,  opaque  white  or  a yellowish-white  appearance.  Retinal  changes 
are  present. 

Etiology. — Any  cause  which  may  produce  optic  neuritis  may  also  lead 
to  optic-nerve  atrophy.  Brain-tumors,  injuries  to  the  nerve-trunk,  con- 
genital malformations  of  the  skull,  erysipelas,  orbital  cellulitis,  hemorrhage 
into  the  orbit,  blows  upon  the  ^jad,  spinal  injuries,  syphilis,  tabes,  tumors 
of  the  pituitary  body,  disseminated  sclerosis,  progressive  paralysis,  cerebral 
softening,  severe  hemorrhages,  lightning-stroke,  internal  hydrocephalus, 
etc.,  are  among  the  °Hjlogic  factors.  The  abuse  of  alcohol  and  tobacco 
is  responsible  for  "ome  cases.  Others  are  congenital  or  possibly  may  be 
due  to  injury  during  instrumental  delivery.  In  probably  60  per  cent, 
of  the  cases  there  is  not  a discoverable  cause.  Many  of  these  must  be 
attributed  to  the  influence  of  certain  toxic  substances  which  are  generated 
in  the  system  as  the  result  of  perverted  metabolism.  This  view  of  the 
erdogtnous  origin  of  certain  cases  of  optic-nerve  atrophy  was  suggested  by 
Ilomer.  Recent  studies  of  the  excretions  of  patients  suffering  with  tobacco- 
fmblyopia  have  shown  excessive  excretion  of  enterogenous  decomposition- 
products  in  the  urine,  together  with  a more  or  less  marked  urobilinuria 
(de  Schweinitz  and  Edsall). 

Of  117  cases  of  optic-nerve  atrophy,  Derby  found  no  cause  in  71 ; 
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abuse  of  alcohol  and  tobacco,  11 ; syphilis,  8;  injuries  to  the  head,  9 ; brain 
disease,  6 ; apoplexy,  1 ; epilepsy,  1 ; locomotor  ataxia,  1 ; meningitis,  2 ; 
optic  neuritis,  2 ; erysipelas  following  lacrimal  abscess,  1 ; mumps,  2 ; 
tumor  of  pituitary  body,  1;  following  pregnancy,  1. 

Pathology. — The  pathologic  changes  will  depend  upon  the  etiologic 
factor.  In  the  atrophy  found  in  tabetic  subjects  the  nerve-fibres  lose  their 
medullary  coverings  and  are  changed  into  fine  fibrillse.  Fatty  granular 
cells  are  found  between  the  fibrilke.  There  are  no  signs  of  a true  inflam- 
matory process.  Holden  believes  that  the  primary  change  is  an  atrophy  of 
the  retinal  ganglion-cells. 

In  the  post-neuritic  type  of  atrophy  there  is  a formation  of  connective 
tissue  in  the  nerve-stalk  and  in  the  nerve-head.  The  coats  of  the  vessels  are 
thickened.  The  sheaths  of  the  nerve-fibres  show  varicosities  and  either 


Fig.  336. — Deformity  of  the  skull  producing  exophthalmos,  divergent 
strabismus,  and  atrophy  of  the  optic  nerve.  (Risley.) 


shrink  or  disappear.  In  advanced  cases  the  nerve  forms  a hard,  distorted 
cord  (Fig.  337). 

Prognosis. — This  is  always  grave,  and  will  dtptnd  on  the  cause  of  the 
disease,  the  stage  at  which  the  patient  applies  for  treatment,  etc.  In 
primary  or  progressive  atrophy  the  course  if  the  disease  is  slow.  Several 
years  may  elapse  before  the  patient  becomes  olind.  The  damage  done  to 
vision  in  the  neuritic  or  secondary  form  v ill  depend  upon  the  amount  of 
contraction  which  ensues  in  the  infh  m»  cl  tissue.  A progressive  narrowing 
of  the  field  is  a sign  of  grave  import. 

Treatment  must  be  directed  in  accordance  with  the  cause.  Syphilitic 
cases  will  require  mercury  or  potassium  iodid,  or  both  remedies.  Strychnin 
must  be  given  by  the  mouti  or  hypodermically.  It  should  be  administered 
in  rapidly  increasing  doses  and  should  be  pushed  to  the  limits  of  tolerance. 
If  administered  hypodermically  the  beginning  dose  will  be  4/ioo  grain. 
Given  by  the  mouth  the  begining  dose  will  be  V60  grain  three  times  a day, 
increased  rapid  ly  until  the  patient  takes  V6  or  1/5  grain  at  a dose.  Accord- 
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ing  to  Derby,  improvement  follows  the  strychnin  treatment  in  30  per  cent, 
of  the  cases.  Nitroglycerin  or  nitrite  of  amyl  may  be  used.  Other  pro- 
posed remedies  are  preparations  of  arsenic,  silver,  iron,  phosphorus,  lactate 
of  zinc,  hypodermics  of  antipyrin,  and  galvanism.  Vibratory  massage  may 
be  tried. 

If  no  improvement  follows  the  use  of  such  remedies  as  have  been 
enumerated,  the  author  removes  the  superior  cervical  ganglion  of  the  sympa- 
thetic nerve,  in  the  hope  that  an  increased  blood-supply  will  bring  about  im- 
provement in  vision.  Although  it  is  yet  too  soon  to  pass  final  judgment 
on  this  operation,  the  author  has  had  one  successful  result  out  of  four  ad- 
vanced cases  of  optic-nerve  atrophy  which  he  has  treated  by  operation.  To 
be  of  value,  the  operation  should  be  done  while  the  patient  retains  vision 


Fig.  337. — Atrophy  of  the  optic  nerve  following  phthisis  bulbi. 

(Author.) 

,omicrograph  by  Dr.  H.  P.  Wells.) 

equal  to  or  better  Gian  the  counting  of  fingers  at  two  or  three  feet.  Suker 
and  Renaud  have  also  reported  cases  in  which  sympatheticectomy  was 
followed  by  i np  'ovement  in  vision. 

Hereditary  Optic-Nerve  Atrophy. — This  is  a variety  of  atrophy  of 
the  optic  nerve  which,  as  a rule,  affects  several  members  of  a given  family  at 
about  the  age  of  twenty  years.  It  has  been  known  to  affect  as  many  as  six 
generations  (Gould).  The  disease  is  found  chiefly  in  the  male  members, 
the  .nheritance  being  through  the  unaffected  females.  About  14  per  cent, 
of  the  cases  reported  have  occurred  in  females.  There  are  on  record  317 
cases,  occurring  in  80  families. 

Symptoms. — The  onset  of  the  disease  is  sudden.  It  begins  as  an  acute 
retrobulbar  neuritis,  which  reaches  its  height  in  five  or  six  weeks.  After 
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this  period  it  either  progresses  slowly  or  remains  stationary.  Central 
scotoma  is  present,  which  at  first  affects  colors  only  and  ultimately  involves 
the  form-field.  Peripheral  vision  is  either  normal  or  slightly  altered,  thus 
permitting  the  patient  to  get  about,  while  central  vision  is  often  so  much 
reduced  that  reading  is  impossible.  The  color-changes  are  central  at  first, 
the  periphery  becoming  involved  later.  Blue  and  yellow  are  seen  more 
clearly  than  red.  In  anomalous  cases  a ring-scotoma  or  a sector-shaped 
defect  may  be  found.  Nyctalopia  is  a common  symptom.  During  the 
stage  of  inflammation  the  patient  may  complain  of  red  vision  or  of  seeing 
colored  stars  or  flames.  Photophobia  and  headache  may  be  present.  The 
ophthalmoscopic  signs  include  hyperemia  of  the  nerve-head  with  slight 
haziness  of  its  outline.  The  arteries  are  either  normal  or  dilated  (Leber). 
A fine  striated  appearance  of  the  retina  around  the  nerve-head  may  be 
present.  In  the  later  stage  the  papilla  becomes  white,  with  slightly  hazy 
borders  and  an  accumulation  of  pigment.  The  pallor  of  the  disc  generally 
begins  in  the  temporal  half.  Atrophy  always  follows  the  neuritis. 

Etiology. — Heredity  is  an  undoubted  factor.  Some  cases  have  been 
attributed  to  the  abuse  of  tobacco  and  alcohol.  The  tower-shaped  skull  has 
been  regarded  by  some  writers  as  a cause,  it  being  supposed  that  the  optic 
nerve  is  compressed  by  the  bone. 

Prognosis. — This  is  unfavorable.  Leber  has  seen  a family  in  which 
all  the  patients  recovered  their  vision.  Partial  recovery  has  been  noted 
by  several  observers. 

Treatment— This  does  not  differ  from  that  which  is  appropriate  for 
other  types  of  retrobulbar  optic  neuritis. 

Hemorrhage  into  the  Sheath  (Apoplexy)  of  the  Optic  Nerve, — Al- 
though hemorrhage  into  the  subdural  and  subarachnoidal  space,  of  the  optic 
nerve  has  been  described  by  Magnus,  de  Wecker,  and  others,  there  is  no 
evidence  to  show  that  it  exists  as  an  idiopathic  affection.  There  are  no 
reasons  for  believing  that  hemorrhages  situated  at  the  l order  of  the  optic 
disc,  or  in  the  vitreous  humor,  are  indicative  of  apoplexy  of  the  optic-nerve 
sheath  (Gonin).  Intervaginal  hematoma  may  occur  after  cerebral  apoplexy 
or  following  trauma.  In  such  a case  there  v Hi  be  rapid  and  great  loss  of 
vision.  Early  ophthalmoscopic  examination  may  show  nothing  abnormal, 
or  may  give  a picture  resembling  that  which  is  found  in  embolism  of  the 
central  retinal  artery.  At  a later  da  ,he  disc  will  be  atrophic. 

DISTURBANCES  OF  \<S<LN  WITHOUT  APPARENT  LESION. 

Under  this  heading  will  be  considered  certain  ocular  affections  (am- 
blyopia, amaurosis  color  blindness)  in  which,  as  a rule,  no  changes  are 
visible  within  the  ey°  Probably  future  investigations,  aided  by  instru- 
ments and  methods  of  greater  precision  than  those  now  existing,  will 
remove  certain  ot  the  amblyopic  affections  from  this  category  and  place 
them  in  the  list  of  organic  diseases.  The  term  amaurosis  indicates  com- 
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plete  blindness,  and  amblyopia  partial  blindness,  without  discoverable  fun- 
dus lesions.  The  term  amblyopia  is  not  applied  to  those  conditions  in 
which  the  reduction  in  visual  acuity  is  due  to  an  error  of  refraction,  and 
becomes  normal  or  approximately  normal  after  its  correction. 

Congenital  Amblyopia  is  the  name  applied  to  that  condition  in  which 
there  is  congenital  deficiency  of  vision  and  all  other  causes  can  be  excluded. 
Generally  only  one  eye  is  involved.  It  may  be  hypermetropic,  myopic,  and 
astigmatic.  It  may  show  the  presence  of  such  abnormalities  as  coloboma, 
etc.,  or  these  defects  may  not  be  present.  Correction  of  the  error  of  refrac- 
tion does  not  bring  the  acuity  of  vision  to  the  normal  or  near  the  normal 
grade.  In  such  cases  it  is  assumed  that  structural  changes  exist  in  some 
part  of  the  ocular  nervous  system  exterior  to  the  eyeball.  In  some  cases 
of  congenital  amblyopia  the  correction  of  the  refraction-error  is  not 
followed  immediately  by  improvement,  but,  after  the  use  of  glasses  for  a 
variable  period,  there  comes  an  increase  in  visual  acuity.  Under  the  name 
astigmatic  amblyopia  Martin  has  described  a type  of  congenital  deficiency  in 
vision  which  he  believes  is  due  to  imperfect  development  of  the  fuvr  oarts 
of  the  retina,  owing  to  asymmetrical  stimulation.  If  both  eye-  i^e  jon- 
genitally  amblyopic,  nystagmus  will  result. 

Acute  Amaurosis  following  Infantile  Convulsions  han  been  described 
by  Nettlcship,  Gay,  Ashby,  and  Stephenson.  Post-eclam^tie  amaurosis  is 
attributed  to  anesthesia  of  the  visual  centres.  Apha  la  and  hemiplegia  ac- 
companying the  visual  disturbance  may  be  transient  or  permanent.  The 
amaurosis  is  generally  transient,  most  patients  recovering  their  vision  in 
a few  days.  The  convulsions  are  severe  and  °re  accompanied  by  coma. 
There  are  no  discoverable  lesions  of  the  fundus. 

Congenital  Amblyopia  for  Colors  (Colo1 -blindness;  Dichromasia;  Dal- 
tonism).— Color-blindness  is  a subject  A which  much  has  been  written  and 
but  little  is  known.  The  condition  exists  in  about  4 per  cent,  of  males, 
according  to  Tscherning,  but  is  much  less  common  (0.02  per  cent.)  in 
females.  While  it  is  usually  congenital,  in  rare  instances  color-blindness 
is  acquired. 

Persons  who  ar * co’or-blind  will  (in  using  the  worsted-skein  test) 
pick  out  gray,  light  pink,  or  yellow  worsteds  and  will  add  them  to  the  green 
skeins.  In  the  next  test  the  rose-purple  skein  should  be  matched.  If  the 
patient  adds  blue  or  violet  skeins,  he  is  completely  red-blind;  if  he  adds 
the  green  ox  gray  skeins,  which  shade  toward  the  blue,  he  is  completely 
green-blind . Next,  he  is  to  match  red.  If  in  addition  to  the  red  he 
chooses  the  green  and  brownish  skeins,  which  are  darker  than  red,  he  is 
red  blind.  If  he  selects  skeins  which  are  lighter  than  red  appears  to  the 
normal  eye,  he  is  green-blind.  Various  tests  for  color-blindness  have  been 
described  in  Chapter  IV  (page  129).  Color-blindness  is  incurable. 

Theories  of  Color-perception. — Of  the  many  theories  which  have 
been  advanced  to  explain  color-perception  only  those  of  Young,  Helmholtz, 
Hering,  and  Preyer  will  be  mentioned,  and  these  but  briefly. 
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Young’s  Theory  is  thus  set  forth  in  his  own  words:  “It  is  certain 
that  we  can  produce  a perfect  sensation  of  yellow  and  blue  by  a mix- 
ture of  green  and  red  light,  and  of  green  and  violet  light.  There  are 
reasons  for  supposing  that  these  sensations  are  always  composed  of  a com- 
bination of  separate  sensations.  This  supposition  at  least  simplifies  the 
theory  of  colors;  we  may  therefore  accept  it  with  advantage  until 
such  time  as  we  shall  find  it  incompatible  with  some  phenomenon.  We 
shall  proceed,  therefore,  to  consider  white  light  as  composed  of  a mixture 
of  three  colors  only— red,  green,  and  violet.”  This  theory  assumes  that 
each  nerve-fibre  of  the  retina  is  composed  of  three  secondary  fibres,  each  one 
of  which  on  irritation  gives  rise  to  the  sensation  of  red,  green,  or  violet. 
Color-blindness  is  explained  by  Young’s  hypothesis  by  the  assumption  that 
one  of  the  secondary  fibres  is  absent.  This  theory,  while  attractive  by  its 
simplicity,  does  not  accord  with  modern  observations  on  color-vision.  It 
requires  that  from  a mixture  of  three  fundamental  colors  all  existing  hues 
shall  be  produced — an  impossible  condition. 

The  Helmholtz-Young  Theory.— Helmholtz  modified  the  theory  of 
Young,  and  assumed  that  each  spectral  color  irritates  three  fibres  at  once, 
but  in  different  degree.  He  explained  color-blindness  by  absence  of  one 
of  the  fibres,  as  Young  had  done.  Many  objections  have  been  raised  against 
this  theory. 

Hering’s  Theory  assumes  the  existence  of  a “visual  substance”  which 
is  a mixture  of  three  others.  One  of  these  determines  white  and  black; 
another,  red  and  green ; and  the  third,  yellow  and  blue.  It  is  an  unp rent- 
able task  to  follow  this  theory,  which,  as  well  as  that  of  Helmholtz,  las 
given  rise  to  a vast  amount  of  controversial  literature. 

Preyer’s  Theory  assumes  that  the  sense  of  color  has  been  developed 
from  the  sense  of  temperature. 

Amblyopia  ex  Anopsia  (Amblyopia  from  Non-use;  ?rgamblyopia). 

These  terms  indicate  a loss  of  vision  by  reason  of  the  tofu1  or  partial  exclu- 
sion of  one  eye  from  the  visual  act.  The  inability  to  act  with  the  fellow- 
eye  may  arise  from  an  opacity  in  one  of  the  dioptric  media  (leucoma  of  the 
cornea,  congenital  cataract,  impervious  persist ing  pupillary  membrane),  or 
it  may  be  the  result  of  strabismus.  Tie  amblyopia  accompanying  stra- 
bismus may  be  congenital,  the  defective  vismn  causing  the  strabismus.  On 
the  other  hand,  it  is  well  known  tha+  squinting  eyes,  which  possessed  good 
vision  early  in  life,  after  long-con  in  ltd  non-use  may  lose  even  the  power 
of  fixation.  Gould  states  that,  in  some  cases  classed  with  congenital  am- 
blyopia, there  are  fine  chorioidorotinal  changes  in  the  macular  region,  which 
are  the  result  of  long-continred  ametropia.  Amblyopia  may  come  from  the 
non-use  attending  per£;sient  blepharospasm  (see  page  189). 

Treatment  of  ti.is  °orm  of  amblyopia  consists  in  the  early  removal  of 
the  obstacle  to  vision,  the  correction  of  errors  of  refraction,  and  the  exercis- 
ing of  the  affected  'ye.  The  discission  of  cataract  at  a very  early  age  is  im- 
portant. 
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Uremic  Amaurosis. — Blindness  without  demonstrable  changes  in  the 
retina  or  optic  nerve  is  a symptom  in  persons  with  chronic  nephritis.  It  is 
more  frequently  found  in  the  acute  nephritis  of  scarlatina,  variola,  and 
measles  and  in  the  nephritis  of  pregnancy.  It  always  involves  both  eyes 
and  appears  suddenly,  the  patient  becoming  suddenly  blind  and  remaining 
in  this  condition  for  from  eight  to  twenty-four  hours.  In  most  cases  vision 
is  completely  lost,  but  in  some  instances  perception  of  light  exists  during  the 
attack. 

Severe  cerebral  symptoms — such  as  headache,  vomiting,  epileptiform 
convulsions,  and  coma — are  rarely  absent.  They  may  precede  the  blind- 
ness or  they  may  follow  it.  During  the  attack  the  urine  is  generally 
lessened  in  amount;  rarely  diuresis  has  been  observed.  Some  authors  have 
recorded  the  absence  of  albumin  from  the  urine  during  the  attack,  although 
it  was  to  be  found  both  before  and  after  the  seizure.  Uremic  amaurosis  may 
be  the  first  sign  of  renal  disease  and  may  be  associated  with  deafness. 

Although  in  the  majority  of  cases  of  uremic  amaurosis  blindness  of 
both  eyes  appears  simultaneously,  Leber  has  recorded  a case  in  which  first 
one  eye  became  blind,  and  the  next  day  vision  was  lost  in  the  c ’h^. 

During  the  attack  the  pupils  are  either  widely  dilated  an  i immobile  or 
they  react  to  light  in  spite  of  the  complete  loss  of  vision.  Schmidt- 
Rimpler  considers  the  latter  condition  to  be  the  rule,  to  which  there  are 
exceptions.  The  presence  of  the  pupillary  reaction  >.  c favorable  symptom, 
since  it  indicates  that  the  optic  nerve  is  normal  and  atrophy  need  not  be 
feared. 

Ophthalmoscopic  examination  generaTy  shows  no  changes  in  the  fun- 
dus, but  exceptionally  transient  optic  neuritis,  dilation  of  the  retinal  veins, 
and  slight  retinal  edema  have  been  obseiver.. 

The  prognosis  of  uremic  amaurosis  is  favorable.  The  blindness  rarely 
fails  to  disappear  in  from  twehc  iv,  twenty-four  hours,  and  full  visual 
acuity  is  reached  in  two  or  three  days.  During  recovery  transient  defects 
in  the  visual  field  are  of  feu  observed.  Repeated  attacks  may  occur  at 
intervals  of  weeks  or  mouths  or  during  repeated  pregnancies.  Permanent 
blindness  from  uremic  amaurosis  has  not  been  observed.  Where  vision  is 
permanently  lost,  charges  will  be  found  in  the  retina  or  in  the  optic 
nerve. 

The  treatment  must  be  directed  to  the  general  condition  of  the  patient. 

Diabetic  Amaurosis  (Glycosuric  Amblyopia). — Diabetic  patients  not 
infreaumAiy  become  partly  blind  without  showing  fundus  changes.  La- 
grange •‘siimates  the  frequency  of  this  form  of  visual  disturbance  at  4 per 
cert.,  while  Schmidt-Rimpler  states  that  it  is  present  in  10  per  cent,  of 

. Mauthner  has  contended  that  diabetic  amblyopia  depends  upon  the 
at  use  of  tobacco  and  alcohol ; but  this  view  has  been  shown  to  be  incorrect, 
since  amblyopia  has  been  found  in  diabetics  who  did  not  use  tobacco  or 
alcohol.  Leber  believes  that  the  existence  of  diabetes  renders  the  patient 
more  susceptible  to  the  toxic  effect  of  tobacco. 
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The  diagnosis  of  diabetic  amaurosis  will  depend  upon  the  result  of  an 
examination  of  the  visual  field  and  the  exclusion  of  the  use  of  those  sub- 
stances which  produce  intoxication-amblyopia  (alcohol,  tobacco,  etc.).  In 
addition  to  the  loss  of  visual  acuity,  there  is  at  the  fixation-point  and  its 
vicinity  a scotoma  for  red  and  green.  Early  in  the  case,  and  also  later, 
when  the  patient  has  almost  recovered,  the  test-object  will  appear  dimmer 
than  under  normal  conditions,  without  entirely  vanishing.  In  advanced 
cases  the  scotoma  becomes  absolute.  The  peripheral  part  of  the  visual 
field  is  generally  normal.  The  central  scotoma  is  often  of  small  extent. 
As  a rule,  it  extends  about  equally  in  all  directions  from  the  fixation-point, 
but  is  somewhat  broader  on  the  temporal  side.  Generally  it  does  not  as- 
sume the  shape  of  an  oval,  involving  both  the  fixation-point  and  the  blind 
spot,  which  is  particularly  characteristic  of  tobacco-  and  alcohol-  amblyopia 
(Groenouw).  Since  the  scotoma  may  be  easily  overlooked,  small  test- 
objects  should  be  used  in  the  examination. 

Anomalous  cases  occur  in  which  the  field  is  concentrically  contracted 
or  hemianopic.  While  most  cases  of  diabetic  amblyopia  will  show  the 
form  of  central  scotoma  which  has  been  described,  there  are  others  in  which 
careful  examination  fails  to  show  the  presence  of  a scotoma,  contraction 
of  the  field,  or  of  retinal  changes  (Cohn,  Schmidt-Rimpler).  Hemianopsia 
may  be  present  alone  or  with  other  cerebral  symptoms.  The  pathologic 
change  which  is  responsible  for  this  condition  is  undoubtedly  a lesion  of 
the  papillo-macular  bundle  of  optic-nerve  fibres.  Microscopic  examina- 
tions by  Edmunds  and  Nettleship,  Schmidt-Rimpler,  Grosz,  and  others 
have  confirmed  this  opinion. 

The  prognosis  of  diabetic  amaurosis  concerns  the  continuant  o the 
condition  and  the  life  of  the  patient.  In  general  terms  it  r ay  be  said 
that  the  prognosis  is  not  unfavorable.  Often  a proper  regulation  of  the 
diet  and  appropriate  internal  treatment  will  result  in  restoration  of  vision , 
but  the  prognosis  is  less  favorable  if  there  is  great  reduction  of  visual 
acuity  and  a large  central  scotoma.  Hirschberg  ard  Sehirmer  regard  the 
prognosis  as  unfavorable,  having  seen  such  patients  die  within  a year. 

The  treatment  will  be  that  which  is  anprop-iate  for  the  general  con- 
dition of  the  patient,  and  is  explained  in  w orks  on  the  practice  of  medicine. 

If  a diabetic  patient  is  addicted  to  tobacco  or  alcohol,  their  use  should 
be  discontinued  and  full  doses  of  strvcui  in  should  be  given. 

Amblyopia  from  Hemorrhage. —temporary  amblyopia  or  permanent 
loss  of  vision  may  follow  a sever*,  nemorrhage  from  any  one  of  several 
organs.  Fries  collected  106  cases  of  visual  disturbance  following  hemor- 
rhage (36  per  cent,  from  the  stomach;  25  per  cent,  from  the  uterus;  7 
per  cent,  from  the  nose;  5 per  cent,  from  accidental  wounds;  25  per  cent, 
from  intentional  loss  of  blood  by  venesection,  leeching,  or  cupping). 
The  affection,  which  is  found  more  frequently  after  than  before  the 
fortieth  year,  is  ecu  rarely  in  previously  healthy  individuals  who  are  acci- 
dentally wounded  ( e.p.,  soldiers  in  battle).  As  a rule,  both  eyes  are  in- 
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volved  in  about  the  same  degree;  in  10  to  15  per  cent,  only  one  eye  is 
affected.  When  the  condition  is  bilateral,  it  is  rarely  the  case  that  one 
eye  is  entirely  blind  and  the  other  only  slightly  affected.  According  to 
Pergens,  blindness  following  hemorrhage  from  the  stomach  is  twice  as 
frequent  in  men  as  in  women.  The  age  of  the  youngest  recorded  case  of 
amblyopia  from  hemorrhage  was  two  years;  the  oldest  patient  was  seventy- 
seven  years  of  age. 

Symptoms. — The  loss  of  vision  may  appear  during  or  immediately 
after  the  hemorrhage  or  some  days  or  weeks  later.  The  patient  may  suffer 
a severe  hemorrhage  without  visual  disturbance,  only  to  have  the  vision 
much  reduced  or  entirely  lost  after  a recurrence  of  the  bleeding.  In  re- 
peated hemorrhages  vision  may  become  less  with  each  attack,  while  some 
improvement  or  entire  restoration  is  noticed  during  the  intervals.  In 
25  per  cent,  of  all  cases  the  loss  of  vision  comes  during  or  immediately  after 
the  hemorrhage  (Groenouw).  In  20  per  cent,  it  appears  within  the  first 
twelve  hours.  If  delayed,  the  loss  is  noticed  generally  between  the  third 
and  the  sixth  days,  but  may  not  appear  until  a period  of  two  or  thr°e  weeks 
has  elapsed.  In  cases  of  severe  hemorrhage,  leading  to  um>  nseiom  ness, 
the  patient  on  awakening  will  notice  the  blindness  or  may  cri n*v  that  he 
is  in  the  dark:  i.e.,  that  it  is  night-time.  Cerebral  syrup foms — such  as 
headache,  syncope,  exhaustion,  cardiac  palpitation,  and  severe  pain  in  the 
back  of  the  neck  and  about  the  base  of  the  skull — aro  often  present. 

The  external  appearance  of  the  eye  is  nearly  normal.  In  complete 
blindness  the  pupils  are  dilated  and  do  not  react  to  light.  If  the  blind- 
ness is  unilateral,  the  pupil  of  the  affected  ^ye  will  react  synergistic  with  that 
of  the  normal  eye. 

The  ophthalmoscopic  appearance  will  vary  with  the  time  of  examina- 
tion. In  the  few  cases  which  have  been  examined  immediately  after  the 
advent  of  blindness  the  papilla  ha?  piesented  washed  borders,  slight  swell- 
ing, with  a surrounding  are^  of  slight  opacity,  which  extends  into  the 
retina  as  far  as  the  macular  legion  and  gradually  diminishes  peripherally. 
Small,  brilliant  spots  also  have  been  seen  in  the  retina.  In  the  majority 
of  cases  the  ophthalmoscopic  condition  is  either  normal  or  negative. 
Ulrich  in  some  cases  saw  the  papilla  pale,  the  arteries  small,  and  the  veins 
somewhat  full  Jn  the  papilla  itself  the  veins  were  narrow  and  of  a bright- 
red  color.  Betinal  hemorrhages  were  present. 

In  unfavorable  cases,  in  which  the  result  is  atrophy  of  the  optic  nerve, 
the  papilla  appears  white;  the  arteries  are  narrow.  This  is  the  usual  con- 
dition in  patients  who  were  first  examined  long  after  the  advent  of  am- 
blyopia. The  changes  in  the  eyeground  and  the  nerve-atrophy  due  thereto 
may  be  partial.  Often  good  visual  acuity  will  exist  in  spite  of  the  presence 
of  a white  color  of  the  optic  nerve.  At  all  events,  the  result  of  the  ophthal- 
moscopic examination  does  not  correspond  with  the  degree  of  loss  of 
vision;  in  spite  of  pronounced  fundus  changes,  good  visual  acuity  may  be 
present,  and  vice  versa. 
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The  visual  field  generally  shows  contraction,  yet  its  form  is  scarcely 
characteristic;  there  is  slight  concentric  narrowing.  Often  pronounced 
hemianopic  forms  are  present,  or  a quadrant  is  wanting  in  the  upper  or 
lower  half  of  the  field.  Uhthoff  saw  a case  in  which  only  the  nasal  half  of 
the  field  was  preserved,  the  color-fields  for  blue  and  red  were  much  con- 
tracted, and  in  the  blind  temporal  half  two  small  islands  were  functionating. 
Central  scotoma  with  normal  peripheral  field  was  noticed  by  Mandelstamm 
and  Schmidt-Rimpler.  The  defect  may  exist  only  for  colors  or  an  absolute 
central  scotoma  may  be  permanently  present.  In  the  cured  or  improved 
cases  there  are  generally  defects  in  the  visual  field ; rarely  does  the  field 
become  entirely  normal. 

The  light-sense  has  been  but  little  examined.  Pergens  found  it 
completely  abolished.  The  central  and  peripheral  color-sense  is  often 
materially  lost,  yet  it  may  be  normal  or  there  may  be  narrowing  of  the 
color-fields. 

Retrobulbar  neuritis  with  central  scotoma  was  seen  by  Uhthoff  in  two 
women.  Borsch  observed  it  in  a man  with,  severe  gastric  hemorrhage. 

Pathogenesis. — A few  of  the  hypotheses  which  have  been  advanced  to 
account  for  the  condition  are:  hemorrhage  into  the  optic-nerve  sheath  (von 
Graefe,  Leber) ; stasis  in  the  retinal  veins  (Ulrich) ; thrombosis  of  the 
central  retinal  artery  (Theobald)  ; inflammation  of  the  optic  nerve  with 
subsequent  atrophy  (Hortsmann  and  Hirschberg).  The  blindness  which 
immediately  follows  hemorrhage  is  due  to  anemia  of  the  brain  (Pries) 
According  to  Samelsohn,  complete  amaurosis  with  retention  of  the  pupilla"v 
reflex  is  caused  by  a lesion,  probably  an  edema,  of  the  visual  centres.  It 
is  probable  that  the  pathologic  change  may  be  either  cerebral,  reunl,  or 
retinal. 

Pathology. — Few  examinations  have  been  made  of  the  and  its 
adnexa  after  loss  of  vision  from  hemorrhage.  Hirschbe’-g  found  atrophy 
of  the  optic  nerves,  in  a patient  who  had  lost  the  vision  ;t  the  right  eye  and 
retained  vision  of  1/2  in  the  left,  after  hematemesis  oceirring  three  and 
one-half  years  previously.  The  atrophy  was  complete  in  the  right  nerve 
and  partial  in  the  left.  Ziegler  found  fatty  degeneration  of  the  optic 
nerve  and  retina.  The  examination  was  mrue  twenty-three  days  after 
blindness  from  hematemesis.  In  the  case  of  a woman  aged  23  years,  who 
became  blind  on  the  second  day  after  sever e hemorrhage  during  parturition, 
and  died  from  edema  of  the  brain  eight  weeks  later,  Raehlmann  found 
the  lumen  of  the  retinal  arteries  nuch  diminished  from  endarteritis  fibrosa. 
A similar  change  was  present  :n  the  veins.  Holden’s  experiments  on  dogs 
and  rabbits  showed  degeneietmn  of  the  ganglion-cells  of  the  retina,  in- 
cluding their  long  processes,  which  form  the  centripetal  fibres  of  the 
optic  nerve. 

Prognosis.—  The  duration  of  the  amblyopia  varies  from  a few  minutes 
to  several  hours.  In  most  patients  the  improvement,  if  it  occurs,  appears 
after  several  oays,  weeks,  or  months.  In  almost  50  per  cent,  of  cases 
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there  is  not  any  improvement  in  vision;  in  33  per  cent,  there  is  some 
restoration;  and  in  20  per  cent,  there  is  complete  recovery  of  central,  with- 
out entire  restoration  of  peripheral,  vision  (Groenouw).  Pergens,  who 
has  reported  the  visual  result  in  50  cases  of  hemorrhage  from  the  stomach, 
states  that  the  result  was  death  in  6 per  cent.,  blindness  of  both  eyes  in  36 
per  cent.,  blindness  of  one  eye  in  18  per  cent.,  great  reduction  of  visual 
acuity  in  14  per  cent.,  and  cure  in  8 per  cent.  Recovery  is  possible  even 
after  perception  of  light  has  been  abolished  for  several  days,  provided  the 
pupillary  reaction  to  light  is  retained.  The  date  of  the  appearance  of  the 
blindness  has  no  bearing  on  the  prognosis.  There  seems  to  be  no  relation- 
ship between  the  amount  of  blood  lost  and  the  degree  of  improvement  of 
vision. 

Treatment  seems  to  be  of  but  very  little  value.  A nutritious  diet, 
rest,  and  the  use  of  iron  and  strychnin  are  the  most  approved  measures. 
Paracentesis  of  the  anterior  chamber  and  iridectomy  are  not  to  be  com- 
mended. 

Simulated  Amblyopia  (Pretended  Amblyopia;  Malingering). — Plain- 
tiffs seeking  damages,  men  desiring  to  avoid  military  duty,  and  c^her  per- 
sons may  claim  the  existence  of  blindness  of  one  or  of  both  eyes.  An 
existing  defect  may  be  exaggerated.  Atropin  may  be  used  secretly  to  assist 
in  carrying  out  the  deception.  Intentional  injuries  ot  the  eyes  may  be 
inflicted  for  the  purpose  of  exciting  sympathy  oi  to  a/oid  conscription. 
Generally  the  malingerer  pretends  that  only  one  e^e  is  involved.  The  tests 
which  are  designed  for  the  exposure  of  such  a cafe-*  c ce  described  in  Chapter 
IV  (page  151).  If  blindness  of  both  eyes  is  slmi^ated  only  careful  observa- 
tion of  the  patient  over  a prolonged  periou  will  expose  the  deception.  An 
attempt  should  be  made  to  watch  the  patient  secretly. 

Nyctalopia  (Functional  Night-bkndness).— In  this  affection  the  sensi- 
bility of  the  retina  to  light  is  diminished.  It  occurs  suddenly  in  debilitated 
subjects  after  exposure  to  bright  sunlight.  Central  vision  is  obscured,  the 
patient  seeing  as  through  a eloua.  According  to  Krienes,  the  accompany- 
ing symptoms  are  contraction  of  the  field  for  white,  reduction  in  central 
quantitative  color-vifion,  dmad  of  light,  undue  dilation  of  the  pupils  under 
reduced  illumination,  paresis  of  accommodation,  erythropsia,  xanthopsia, 
and  epithelial  xe  rnsis. 

“Nyctalopia  has  been  observed  endemically  among  malarial  subjects, 
scorbutic  sailor?,  and  among  children  in  the  public  schools”  (Snell).  It 
has  bean  tcund  among  Russians  who  have  fasted  during  Lent,  and  among 
pers^ut  vho  have  been  deprived  of  proper  food.  It  occurs  chiefly  in  the 
springtime.  Sleeping  in  the  moonlight  is  said  to  be  a cause.  Nyctalopic 
patients  see  poorly  on  dark  days  and  well  on  bright  ones.  The  affection 
ar  companies  xerosis,  and  is  found  in  some  retinal  and  chorioidal  diseases. 

Prognosis  is  favorable.  The  affection  often  disappears  after  several 
weeks  or  months.  It  tends,  however,  to  return  in  the  spring  or  summer  of 
the  following  year. 
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Treatment. — It  has  long  been  the  belief  of  the  laity  that  the  ingestion 
of  the  liver  of  the  sheep  will  cure  night-blindness.  This  opinion  has  been 
confirmed  by  scientific  observers.  The  patient  should  ingest  from  6 to  8 
ounces  of  the  liver  of  the  goat,  sheep,  or  ox,  three  times  a day.  The  liver 
is  to  be  fried  in  oil  and  is  seasoned  with  spices.  Buchanan,  who  treated 
twenty  cases  in  this  manner,  states  that  five  or  six  days  are  sufficient  to 
effect  a cure.  Under  ordinary  tonic  treatment  such  cases  are  not  improved 
for  several  months.  The  liver  treatment  should  be  followed  by  a course  of 
codliver-oil  and  ferruginous  tonics.  The  night-blindness  of  retinitis  pig- 
mentosa is  not  improved  by  this  treatment. 

Hemeralopia  (Day-blindness). — Hemeralopic  patients  see  better  on 
dark  than  on  bright  days.  The  same  state  of  affairs  is  true  of  patients 
suffering  with  toxic  amblyopia.  Hemeralopia  occurs  in  persons  who  have 
been  long  removed  from  light,  and  in  those  who  have  congenital  defects, 
such  as  albinism,  irideremia,  coloboma  of  the  chorioid,  coloboma  of  the 
iris,  etc.  It  is  said  to  be  congenital  and  to  be  associated  with  congenital 
amblyopia.  Hemeralopia  may  be  caused  by  exposure  to  bright  light,  such 
as  reflection  from  snow  and  ice.  Eyestrain  from  errors  of  refraction  is 
said  to  be  a cause.  Photophobia  and  dazzling  sensations  are  annoying 
symptoms. 

Treatment  will  include  the  correction  of  errors  of  refraction  or  of 
muscle-balance,  the  use  of  smoked  glasses,  and  the  administration  of  tonics. 
The  patient  should  be  instructed  gradually  to  become  accustomed  to  bright 

. .... 

Scotoma  Scintillans  (Amaurosis  Partialis  Fugax;  Teichopsia:  Unii  ■ 
merskotom). — These  terms  are  applied  to  an  amblyopia  of  centra,  origin. 
The  patient  while  suffering  with  vertigo  notices  before  the  ey.<  a bright 
light,  which  rapidly  increases  until  finally  he  can  scarcely  sec.  Some  pa- 
tients describe  the  first  appearance  as  that  of  a small  spot  equated  near  the 
fixation-point.  Within  the  area  of  this  spot  objects  become  invisible.  The 
scintillating  area  spreads  rapidly.  It  seems  to  be  formed  with  flickering 
points  arranged  in  a zigzag  manner.  The  amaevesic  disappears  in  from 
fifteen  to  thirty  minutes,  and  is  succeeded  bv  nausea,  vomiting,  and  head- 
ache (migraine).  The  affection  is  bilateral,  and  often  involves  but  one- 
half  of  the  visual  field  (the  homonymous  half). 

Scintillating  scotoma  is  supposed  to  depend  on  circulatory  disturbances 
in  the  occipital  lobes.  When  occurring  at  long  intervals  it  has  no  signifi- 
cance; if  often  present  it  may  ir  die  ate  impending  cerebral  lesions.  Thus 
it  may  precede  hemianesthesia,  hemiplegia,  brain  tumor,  apoplexy,  and 
bulbar  lesions.  In  some  cases  n is  due  to  cerebral  anemia.  Swanzy  states 
that  fatigue,  long  reading  and  hunger  may  cause  it.  It  is  not  infrequent 
among  physicians  ana  other  brain-workers. 

Treatment  will  include  a cessation  of  brain-work,  the  use  of  alcoholics 
in  moderation,  the  securing  of  sufficient  sleep,  and  the  taking  of  appro- 
priate exercise  Quinin,  bromid  of  potassium,  caffein,  and  strychnin  have 
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been  used.  Neustatter  advises  the  administration  of  validol  in  20-drop 
doses. 

Snow-blindness.  Exposure  to  blinding  reflections  of  the  sun  produces 
a variety  of  changes  in  the  conjunctiva  (hyperemia  and  edema),  dendri- 
form ulceration  of  the  cornea,  contraction  of  the  iris,  and  alterations  in  the 
retina  (see  page  514).  Photophobia,  blepharospasm,  and  laerimation  are 
early  and  annoying  symptoms.  Temporary  or  even  permanent  amblyopia 
may  accompany  the  disease.  Generally  the  symptoms  disappear  rapidly, 
the  affection  lasting  only  a few  days.  A scotoma  may  be  present,  with  or 
without  peripheric  limitation  of  the  field  of  vision.  Reflection  from  snow 
may  cause  night-blindness.  In  the  absence  of  sunlight  erythema  of  the 
conjunctiva  may  be  produced  by  the  impact  of  flying  particles  of  ice  or  of 
snow.  Exposure  to  the  x-ray  and  to  electric  flashes  may  cause  similar 
symptoms.  The  treatment  of  snow-blindness  includes  removal  of  the  cause, 
protection  of  the  eyes  by  means  of  smoked  glasses,  the  use  of  atropin  and 
hot  applications,  and  the  instillation  of  a weak  solution  of  argyrol. 

Hemianopsia  (Half-sight)  is  discussed  in  Chapter  XXII." 

Reflex  Amblyopia. — This  term  has  been  applied  to  cases  in  which  loss 
of  vision  is  supposed  to  be  due  to  reflex  irritation.  The  condition  nas  been 
attributed  to  intestinal  parasites,  to  decayed  teeth,  and  to  diseases  of  the 
naso-pharynx,  uterus,  or  ovaries.  If  caused  by  carious  teeth  the  amblyopia 
will  be  unilateral  or,  if  bilateral,  will  be  greater  on  the  f ide  of  the  dental 
disease.  Vision  may  be  slightly  reduced  or  may  be  limited  to  perception  of 
light.  Removal  of  the  source  of  irritation  is  follow  'a  by  recovery  of  visual 
acuity. 

Hysteric  Amblyopia  occurs  in  both  sexes,  but  is  more  frequent  in  neu- 
rotic females.  It  is  usually  associated  with  other  signs  of  hysteria.  As  a 
rule,  but  one  eye  is  affected  and  the  loss  of  vision  is  complete.  Usually  the 
pupil  reacts  to  light.  In  some  cases  the  pupillary  reaction  is  abolished 
temporarily  i.e.,  the  pupil  is  dilated  and  immobile.  In  cases  of  less  sever- 
ity there  may  be  a central  scotoma  and  partial  color-blindness.  Perimetric 
examination  of  such  subjects  will  often  show  the  field  for  red  and  green  to 
be  larger  than  that  for  white.  Complete  reversal  of  the  color-fields  has  been 
noted.  Ophthalmoscopic  examination  shows  nothing  abnormal.  Concom- 
itant hysteric  symptoms  are  hemianesthesia,  loss  of  various  (pharyngeal, 
corneal)  reflexes,  blepharospasm,  ptosis,  monocular  diplopia,  micropsia  and 
megalopsia,  conjugate  deviation  of  the  eyes,  and  the  symptom-complex  called 
“retinal  asthenopia." 

Uiacnosis  may  be  difficult.  Symptoms  which  are  attributed  to  hys- 
teric amolyopia  may  long  precede  the  advent  of  serious  cerebral  disease 
(Friedenwald). 

Prognosis  is  ultimately  favorable,  although  the  amblyopia  may  persist 
lor  weeks  or  months. 

Treatment  will  include  suggestion,  tonics,  rest,  massage,  electricity, 
etc. 
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Colored  Vision. — Rod  vision,  crythropsia,  occurs  not  infrequently  after 
cataract  extraction,  particularly  in  patients  who  neglect  to  wear  smoked 
glasses  for  several  weeks  after  the  operation.  Erythropsia  has  also  boon 
observed  in  persons  who  have  had  no  operation  or  inflammation  of  tire  eyes. 
In  such  cases  it  is  attributed  to  exposure  to  intense  light  or  to  irritation  of 
the  cortical  visual  centres.  The  use  of  coffee  may  cause  red  vision.  It 
sometimes  follows  fasting  and  fatigue  due  to  excessive  near  work.  It  is  not 
uncommon  among  neurotic  school-children.  Blue  vision,  cyanopsia , occa- 
sionally  appears  after  cataract  extraction,  and  is  attributed  to  the  diffusion 
of  light  caused  by  thin  layers  of  cortical  substance  which  remain  in  the 
pupillary  area  (Becker).  With  the  absorption  of  the  cortical  masses  the 
blue  vision  disappears.  It  also  occurs  in  overworked,  nervous  subjects. 
Yellow  vision,  xanthopsia,  is  a symptom  occurring  in  santonin  poisoning, 
and  is  noticed  by  patients  who  are  suffering  with  glaucoma  and  optic-nerve 
atrophy.  Green  vision  has  been  noted  by  Dodd,  who  collected  13  cases. 
One  of  these  followed  cataract  extraction,  1 was  sequent  to  a wound,  and  8 
suffered  with  diseases  of  the  optic  nerve,  retina,  and  chorioid.  In  2 cases 
the  green  vision  was  noticed  only  when  the  patients  were  indoors.  In 
glaucoma  the  patient  may  complain  of  variously  colored  halos  around  lamp- 
lights. Persons  with  blind  eyes  tell  of  phosphene-experiences  which  are 
probably  due  to  an  irritation  of  the  visual  centres. 

Treatment. — Bromids,  iodids,  pulsatilla,  and  gelsemium  have  been 
recommended. 

Malarial  Amblyopia— Transient  amblyopia  may  occur  in  persons  who 
are  suffering  with  malaria.  The  pupils  are  widely  dilated  and  vision  is  lost 
Fundus  changes  are  absent  and  vision  returns  after  the  administration  <.-£ 
quinin  and  other  appropriate  remedies. 

Micropsia,  Megalopsia,  and  Metamorphopsia. — Objects  may  appear  too 
small,  micropsia ; too  large,  megalopsia;  or  distorted,  metamorphopsia. 

These  symptoms  may  be  complained  of  in  hysteria,  or  may  exist  in  any 
condition  which  causes  a separation  or  an  approximation  of  the  retinal  ele- 
ments (rods  and  cones).  Syphilitic  chorioidoretin.ti.1  is  a frequent  cause  of 
micropsia  and  megalopsia.  After  the  correction  or  a refraction-error  of 
high  degree  the  patient  may  complain  that  objects  are  too  small,  too  large,  or 
are  distorted. 

Benson  has  recorded  a case  of  monocular  micropsia,  which  was  at- 
tributed to  weakness  of  the  accommodation  from  an  attack  of  diphthnria. 
The  micropsia  and  megalopsia  of  hysteria  are  attributed  by  Parinaud  to 
spasm  of  the  accommodation. 

Dudley  has  reported  the  cases  of  three  middle-aged  men,  each  of  whom 
complained  of  (right)  moi  ocuiar  metamorphopsia  varians:  i.e.,  the  distor- 
tion of  the  object  viewed  > as  constantly  changing  (see  Fig.  338).  Since 
refraction  and  retinal  changes  did  not  exist,  he  concluded  that  the  cause 
must  be  mental.  Sa  rage  believes  that  the  condition  depends  on  retinal 
changes  which  tne  too  minute  to  be  visible  ophthalmoscopically. 
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INJURIES  OF  THE  OPTIC  NERVE. 


Not  infrequently  the  optic  nerve  is  injured  by  fracture  of  the  walls  of 
the  optic  foramen  (see  page  649).  Other  injuries  are  of  rare  occurrence. 
They  include  stabs  with  knives,  the  tips  of  umbrellas,  penetration  of  the 
orbit  by  splinters  of  wood  or  of  metal,  injuries  by  flying  pieces'  of  metal, 
etc.  The  author  has  seen  two  cases  in  which  attempts  to  commit  suicide 
by  the  use  of  a pistol  resulted  in  the  division  of  both  optic  nerves  without 
the  production  of  injuries  sufficient  to  cause  death.  Early  in  such  a case  the 
optic  papilla  will  be  swollen,  resembling  the  papillitis  of  brain  tumor.  A 
partial  division  of  the  optic  nerve  is  said  to  be  followed  by  complete  atrophy. 
In  avulsion  of  the  globe  the  optic  nerve  is  ruptured  (see  pago  647). 


Fig.  338. — Metfui>oiphopsia  varians.  (Dudley.) 

The  test-objects  are  plac-d  ai  *v.e  left  of  the  vertical  line;  the  figures  at  the 
right  si^w  the  varying  distortions. 


The  symptoms  of  injury  of  the  optic  nerve  are  sudden  loss  of  vision 
and  dilation  of  the  pupil  which  is  irresponsive  to  light.  In  compression 
of  the  nerve  fr  jm  a subperiosteal  clot,  or  from  a hemorrhage  into  the 
nerve-sheath,  the  loss  of  vision  may  come  slowly.  Ophthalmoscopic  signs 
may  be  absent  If  the  nerve  is  injured  close  to  the  globe  the  retinal  vessels 
will  be  attenuated,  the  blood-column  is  interrupted,  and  the  optic  disc 
and  tne  "egion  of  the  macula  are  pale.  In  cases  of  sudden  traction  of  the 
nerve,  hemorrhages  and  exudation  are  found  around  the  papilla.  If  the 
k?nn  is  situated  at  the  apex  of  the  orbit  ophthalmoscopic  signs  may  be 
a 3sent  for  several  weeks,  after  which  the  papilla  presents  the  picture  of 
descending  atrophy.  The  prognosis  of  injuries  of  the  optic  nerve  is  grave, 
and  the  treatment  is  symptomatic.  Foreign  bodies  should  be  removed. 
The  internal  use  of  iodids  and  mercury  will  be  in  order. 
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OPERATIONS  ON  THE  OPTIC  NERVE. 

Section  of  the  optic  nerve  is  a necessary  part  of  the  operation  for 
removal  (enucleation)  of  the  eyeball.  After  this  has  been  accomplished 
many  surgeons  perform  resection  of  the  nerve,  cutting  it  as  close  to  the  optic 
foramen  as  possible.  Resection  of  the  nerve  with  preservation  of  the  globe 
is,  at  times,  a part  of  the  procedure  known  as  Kronlein’s  operation,  and  is 
described  in  Chapter  XIX.  In  Hall’s  operation  (eviscero-neurectomy)  a 
small  part  of  the  sclera  adjacent  to  the  nerve-head  and  a portion  of  the 
nerve- trunk  are  removed  (see  Chapter  XVIII).  In  this  place  it  is  neces- 
sary to  mention  two  operations  in  which,  although  other  structures  are 
severed,  the  primary  object  is  to  sever  or  to  excise  the  optic  nerve. 

Opticociliary  Neurotomy  was  proposed  by  Boucheron  in  1890.  Under 
general  anesthesia,  the  internal  rectus  muscle  is  exposed  and  is  secured  by 
passing  a suture  through  it  at  a point  about  ten  millimetres  behind  the 
cornea.  The  muscle  is  then  cut  anterior  to  the  suture.  The  optic  and 
ciliary  nerves  are  then  cut.  The  muscle  is  sutured  and  a compress  bandage 
is  applied.  This  operation  has  been  superseded  by 

Opticociliary  Neurectomy. — This  operation  includes  section  of  the  in- 
ternal rectus  muscle,  division  of  the  optic  and  ciliary  nerves  close  to  the 
optic  foramen,  and  excision  of  the  optic  nerve.  In  order  to  accomplish  the 
excision  the  globe  must  be  turned  so  that  its  posterior  part  becomes  visible. 
The  eyeball  is  replaced,  the  muscle  is  sutured,  and  a bandage  is  applied. 

Value  of  these  Procedures. — Opticociliary  neurotomy  and  neurectom;r 
were  proposed  for  the  purpose  of  preventing  sympathetic  ophthalmi’ib. 
They  are  not  sure  means  of  prophylaxis,  several  cases  having  been  reporte  < 
in  which  sympathetic  inflammation  occurred  long  after  the  operation  nad 
been  performed.  For  the  prevention  of  sympathetic  ophthalmitis  neurot- 
omy ranks  far  below  enucleation,  evisceration,  or  neurectomy.  Since  re- 
generation of  the  nerves  occurs,  opticociliary  neurectomy  1 s not  a sure 
means  of  preventing  sympathetic  disease. 
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CHAPTER  XVII. 

GLAUCOMA. 

NORMAL  INTRA=OCULAR  TENSION. 

Within  the  eye  are  three  kinds  of  fluid:  blood  from  the  blood-vessels: 
lymph,  which  is  present  in  the  lymph-spaces  of  the  uveal  tract  and  peri- 
vascular lymph-channels,  its  amount  depending  on  the  blood-pressure;  and 
the  intra-ocular  fluid,  which  is  a secretion  of  the  epithelium  covering  the 
ciliary  body  and  is  found  in  the  aqueous  and  vitreous  chambers.  The 
intra-ocular  fluids  obtain  exit  in  various  ways.  The  major  portion  escapes 
via  the  anterior  chamber,  the  spaces  of  Fontana,  the  canal  of  Schlemm,  and 
thence  into  the  anterior  ciliary  veins  (Leber).  A portion  escapes  via 
openings  on  the  anterior  surface  of  the  iris  and  thence  into  the  iridal  veins 
by  filtration  (Nuel).  A small  part  passes  into  the  vitreous  humor  and 
escapes  via  the  lymph-spaces  which  surround  the  central  retinal  Tessels. 
The  normal  intra-ocular  fluid  (aqueous  and  vitreous  humors)  is  composed  of 
99  per  cent,  water,  1 per  cent,  salts  and  extractives,  with  a trace  of  albumin. 
Filtration  of  such  fluid  can  occur  readily.  If  the  albumin  is  increased  in 
quantity,  as  occurs  in  glaucoma,  filtration  becomes  more  difficult. 

Normal  pressure  within  the  eye  is  equal  to  a column  of  mercury  26  to 
28  millimetres  in  height,  varying  with  race,  age,  an  I altitude.  Uniformity 
of  pressure  is  maintained  by  a nervous  meet  anis  n-  -operating  on  the  blood- 
vessels— which  is  not  thoroughly  underwood.  The  sympathetic  nerve  has 
a potent  influence  upon  intra-ocular  tension.  Stimulation  of  the  cervical 
portion  of  this  nerve  causes  dilation  oi  the  pupil,  increased  blood-pressure, 
increased  secretion  from  the  ciliary  b >dv?  and  contraction  of  Muller’s  mus- 
cular fibres.  The  rise  in  intraocular  tension  attending  this  experiment  is 
caused  by  the  contraction  c*  the  fibres  of  Muller’s  orbital  muscle  (von  Hippel, 
Griinhagen,  Parsons).  Excision  of  the  superior  cervical  ganglion  of  the  sym- 
pathetic nerve  cause*  a.\  opposite  effect,  viz.:  contraction  of  the  pupil,  de- 
creased blood-pressure,  diminished  secretion  from  the  ciliary  body,  and 
relaxation  of  Midler’s  fibres.  Stimulation  of  the  trigeminal  nerve  or  of  the 
Gasserian  ganglion  causes  a rise  in  the  intra-ocular  tension — a result  which 
has  been  attcib  ued  to  the  action  of  vaso-dilator  fibres.  When  the  fifth  nerve 
is  divided  proximal  to  the  ganglion,  stimulation  causes  no  change  in  blood- 
pressure  and  the  ocular  tension  rises.  This  rise  is  attributed  to  stimulation 
of  fibres  of  the  cervical  sympathetic  which  pass  over  the  ganglion  (Parsons). 

According  to  Priestley  Smith,  the  aqueous  humor  is  formed  at  the 
rais  of  about  5 cubic  millimetres  per  minute,  and  the  content  of  the  aqueous 
chamber  is  changed  in  less  than  one  hour.  The  rate  of  the  production  of 
the  aqueous  depends  on  the  difference  between  the  blood-pressure  and  the 
pressure  within  the  aqueous  chamber.  The  pressures  within  the  aqueous 
(562) 
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and  the  vitreous  chambers  are  practically  equal  normally;  but  a slight 
excess  of  pressure  in  either  chamber  will  suffice  to  displace  the  lens  forward 
or  backward.  That  there  is,  however,  a slight  difference  in  the  pressure 
between  the  fluid  in  the  posterior  and  anterior  chambers  is  shown  by  the 
fact  that  the  lymph  is  gradually  displaced  forward,  toward  the  filtration 
angle. 

The  pressure  of  the  fluid  in  the  chambers  of  the  eye  is  derived  from  the 
blood-pressure.  In  the  interior  of  the  eye  the  blood-pressure  is  higher  than  the 
chamber-pressure.  If  this  relation  were  reversed,  the  blood-vessels  would  collapse. 
While  the  ordinary  chamber-pressure  is  about  26  millimetres  of  mercury,  the  blood- 
pressure  in  the  capillaries  of  the  ciliary  processes  is  estimated  at  50  millimetres,  or 
more.  In  the  arteries  it  is  still  higher — 90  to  100  millimetres  of  mercury.  The 
blood-pressure  dominates  the  chamber-pressure  not  only  under  normal,  but  under 
all  conditions,  so  long  as  the  blood  circulates. 

The  possible  causes  of  increased  intra-ocular  tension  are:  (1)  changes  which 
raise  the  blood-pressure  within  the  eye;  (2)  changes  which  impede  the  escape  of 
fluid  from  the  eye.  Increased  blood-pressure  is  often  found  in  glaucoma  patients; 
and,  on  the  contrary,  glaucoma  occurs  not  infrequently  in  persons  whose  blood- 
pressure  is  subnormal.  Changes  which  impede. the  escape  of  intra-ocular  fluid  may 
be  inherent  in  the  fluid  itself,  or  may  concern  anatomic  changes  by  which  the  irido- 
corneal angle  is  closed. 

GLAUCOMA:  GENERAL  CONSIDERATIONS. 

Glaucoma  has  been  defined  as  increased  intra-ocular  pressure  plus  the 
causes  and  results  of  such  pressure.  This  definition,  which  is  credited  to 
Priestley  Smith,  leaves  much  to  be  desired.  The  signs  of  glaucoma  aie 
well  known.  Its  effects  upon  the  ocular  structures  and  functions  are  thor- 
oughly understood.  The  limits  of  its  therapeusis  are  painfully  apparent, 
but  the  real  cause  of  the  disease  is  unknown.  Except  for  those  c?ues  in 
which  increased  tension  is  due  to  changes  in  other  parts  of  the  eye, — viz. : 
secondary  glaucoma, — the  ophthalmologists  of  to-day  have  be*n  until  re- 
cently almost  as  much  in  the  dark  as  to  its  etiology  as  vvj^e  those  of  fifty 
years  ago.  Becent  investigations  have  shown  that  und  ;r  the  name  glaucoma 
are  included  several  different  diseases.  Late  observations  indicate  that 
changes  in  the  sympathetic  nervous  system  have  much  to  do  with  the  pro- 
duction of  idiopathic  glaucoma.  The  author  believes  that  primary  glaucoma 
should  be  defined  as  a disease  of  the  sympathetic  nervous  system  producing 
increased  intra-ocular  pressure. 

Following  the  experimental  work  of  M.  II.  Fischer,  H.  G.  Thomas  regards 
glaucoma  as  essentially  an  edema  of  tl  e eyeball,  i.€ .,  a state  in  which  the  affinity 
of  the  tissue  colloids  for  water  is  increased  above  that  which  we  are  pleased  to  call 
normal.  This  is  brought  about,  in  the  main,  through  chemical  changes  in  the  tissues 
themselves,  whereby  substance^  paiticularly  acids,  capable  of  increasing  the-  affinity 
of  the  tissue  colloids  for  water,  are  either  produced  abnormally  in  the  tissues  or  are 
stored  in  excessive  amounts.”  Thus  the  glaucomatous  eye  contains  an  increased 
amount  of  fluid,  not  fivm  ;he  forcing  of  more  fluid  into  the  eye  through  the  blood- 
vessels, but  because  Ganges  occurring  in  the  intra  ocular  content  cause  it  to  absorb 
an  increased  amount  of  water.  Thomas  has  found  that  a solution  of  sodium  citrate, 
used  subconjunci  i v-ally,  is  capable  of  counteracting  the  effect  of  acids  in  increasing 
the  affinity  ol  < ol’oids  for  water. 
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Glaucoma  may  be  congenital  or  acquired,  primary  or  secondary  to  some 
other  disease,  acute  or  chronic,  inflammatory  or  simple.  Always,  however,  it 
is  a progressive  disease,  and  tends  to  destroy  vision.  It  may  begin  with 
hemorrhages  from  the  retinal  vessels^  or  these  may  never  rupture,  or  the 
glaucomatous  process  may  last  for  a long  period  and  the  hemorrhages 
appear  in  the  last  act  of  the  drama.  The  subject  will  be  considered  under 
the  following  heads:  (1)  glaucoma  simplex,  (2)  chronic  irritative  glau- 
coma, (3)  acute  inflammatory  glaucoma,  (4)  hemorrhagic  glaucoma,  and 
(5)  secondary  glaucoma.  These  divisions,  while  necessary  for  teaching 
purposes,  are  somewhat  arbitrary,  since  all  sorts  of  gradations  exist.  Thus, 
a case  of  glaucoma  simplex,  after  a long  period,  may  end  in  an  attack  of 
the  acute  inflammatory  type  and  be  followed  by  hemorrhages  into  the  eye. 

Etiology. — Glaucoma  is  chiefly  a disease  of  advanced  life.  The  lia- 
bility of  females  is  greater  than  that  of  males  in  the  ratio  of  6 to  5.  At 
the  age  of  65  years  the  liability  to  an  attack  of  glaucoma  is  twice  as  great 
as  at  45  years^  and  100  times  as  great  as  at  15  years  (Priestley  Smith). 
The  liability  of  advanced  life  is  thought  by  Priestley  Smith  to  he  doe  to 
the  growth  of  the  lens.  While  the  cornea  attains  its  maximum  aiameter 
about  the  fifth  year,  and  the  globe  is  of  full  size  at  the  twentieth  year,  the 
lens  continues  to  grow  from  youth  to  old  age.  During  the  neriod  between 
25  and  65  years  it  adds  one-tenth  to  its  diameter  md  one-third  to  its 
volume  (Priestley  Smith).  The  lens,  pressing  against  the  ciliary  processes, 
causes  the  base  of  the  iris  to  encroach  on  the  filtration  angle,  and  thus  excre- 
tion of  aqueous  humor  is  hindered. 

In  rare  instances  of  senile  cataract  which  develops  rapidly  with  much  swelling 
of  the  lens — intumesccnt  cataract — acute  glaucoma  may  occur.  Such  cases  have  been 
reported  by  Rheindorf,  Blvsma,  Hesse,  UhlbrMi,  Ischreyt,  Elsclinig,  and  Frenkel. 
Small  eyes  are  especially  liable  to  primary  glaucoma.  An  eye  with  a small  cornea 
and  an  antero-posterior  diameter  1 or  ] .60  millimetres  less  than  the  normal  is  very 
likely  to  become  glaucomatous.  Heredity  would  seem  to  be  a factor  only  when 
associated  with  congenital  smallne-s  < f me  globe.  Certain  races  seem  more  liable  to 
glaucoma  than  others.  It  is  sriu  that  the  disease  *is  particularly  frequent  among 
Egyptians  and  Jews  and  among  negroes. 

The  influence  of  hypermetropia  and  accommodative  strain  seems  undoubted. 
Mydriatics — such  as  at.^pln,  scopolamin,  cocain,  homatropin,  and  euphtlialmin — 
have  been  known  to  cause  glaucoma  in  eyes  previously  presenting  no  sign  of 
disease.  When  the  filtration  angle  is  already  small,  the  folding  and  thickening 
of  the  iris,  which  are  produced  by  the  mydriatic,  will  cause  a further  blocking, 
and  glaucoma  results.  Congestion  of  the  uveal  tract  is  a factor.  Many  cases  can  be 
traced  to  exposure,  bronchitis,  cold  in  the  head,  heart  disease,  hepatic  derangements, 
const] nation,  all  of  which  are  conditions  in  which  the  venous  system  is  engorged.  It 
is  a common  observation  that  a patient  with  glaucoma  feels  much  better  and  his  eve 
Inoks  better  after  the  alimentary  tract  has  been  emptied.  Grief,  anxiety,  worry,  and 
tie  loss  of  sleep  are  direct  causes  of  primary  glaucoma.  Operation  on  one  eye  is 
Iten  followed  by  an  attack  of  glaucoma  in  the  other  eye.  Slight  local  injury,  such 
as  an  abrasion  of  the  cornea,  may  cause  a glaucomatous  attack.  Weather  conditions 
are  thought  to  have  an  influence  in  the  causation  of  this  disease.  Maynard,  of  Cal- 
cutta, has  noticed  more  cases  during  the  rainy  season,  and  some  London  surgeons 
have  observed  a greater  number  of  glaucoma  patients  during  the  winter  months. 
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Certain  cases  of  glaucoma  must  be  attributed  to  disease  of  the  blood-vessels 
leading  to  thrombosis,  hemorrhage,  or  exudation. 

Finally,  the  sympathetic  nervous  system  has  much  to  do  with  the  production 
of  glaucoma.  This  view  is  suggested  by  the  fact  that,  in  the  cases  in  which  the  author 
removed  the  superior  cervical  sympathetic  ganglia  for  the  cure  of  glaucoma,  the 
microscope  showed  marked  pathologic  changes.  Laqueur  noticed  that  the  exciting 
causes  of  mild  attacks  in  the  so-called  premonitory  stage  of  glaucoma  are  conditions 
of  nervous  depression  (cold,  hunger,  fatigue,  fright,  anger,  sleeplessness,  etc.)  which 
are  associated  with  dilation  of  the  pupil,  while  the  conditions  under  which  these 
premonitory  attacks  disappear  (warmth,  food,  sleep)  produce  contraction  of  the  pupil. 

Pathology. — The  pathologic  changes  in  glaucoma  are  found  in  the 
cervical  portion  of  the  sympathetic  nerye,  in  the  tissues  of  the  eye,  and  in 
the  intra-ocular  contents. 


Fig.  339. — Angle  of  the  anterior  chamber  of  a n^rriPi  ey<*.  (Author.) 

(Photomicrograph  by  Dr.  II.  P.  Wel;s.; 

Changes  in  the  Sympathetic  Neuve. — Microscopic  sections  of  the 
superior  cervical  ganglion  of  the  sympathetic  nerve  show  a marked  hyper- 
plasia of  connective  tissue,  which  often  results  in  the  division  of  the  gan- 
glion into  small  groups  of  nervoir,  elements  separated  by  broad  bands  of 
fibrous  elements.  The  walls  of  the  blood-vessels  show  sclerosis.  The 
connective-tissue  sheaths  of  the  ganglionic  cells  are  much  thickened,  and  an 
infiltration  of  small  round  colls  is  present  in  the  hyperplastic  tissue. 

The  ganglionic  cehs  are  markedly  pigmented.  Together  with  a num- 
ber of  cells  normal  to  al  appearance  there  are  great  numbers  showing 
different  stages  of  Regeneration.  As  a rule,  the  nucleus,  besides  losing  part 
of  its  peculiar  staining  property,  assumes  the  parietal  position.  The 
nucleus  is  reJ  ulcu  in  size  or  even  missing  in  a large  oercentage  of  the  cells. 
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While  in  some  cells  the  chromatic  elements  are  well  preserved,  in  others 
the  process  of  chromatorrhexis  and  chromatolysis  can  be  followed  through 
all  of  the  stages.  Only  comparatively  few  cells  are  seen  showing  the  nor- 
mal dendriform  processes.  Often  the  processes  are  short,  ending  bluntly, 
or  even  disappearing  altogether.  The  general  peripheral  network  of  proc- 
esses is  much  reduced  in  volume  and  compressed  by  the  pressure  of  the 
connective-tissue  formation.  Only  very  few  medullated  fibres  are  seen. 

The  general  pathologic  aspect  is  that  of  a decided  sclerosis,  originating 
in  inflammatory  processes  going  on  in,  and  starting  out  from,  the  walls 
of  the  vascular  structures.  The  changes  of  the  nervous  elements  may  not 


Fig.  340. — Angle  of  the  anterior  oh-unbor  of  a glaucomatous  eye.  (Author.) 

(Photomicrograi  h b/  Du.  II.  P.  Wells.) 

be  idiopathic,  but  are  probably  due  to  pressure  and  inhibited  nutrition. 
While  these  changes  ; re  suggestive  of  the  sympathetic  origin  of  glaucoma, 
it  must  be  acknowledged  chat  similar  pathologic  lesions  of  the  sympathetic 
nerve  exist  in  opt  o uerve  atrophy  and  in  exophthalmic  goitre. 

The  Macroscopic  Changes  in  the  Eyeball  are  chiefly  a blocking 
of  the  angle  of  filtration  and  an  excavation  of  the  head  of  the  optic  nerve. 
These  altera  Lions  can  be  accounted  for  by  the  theory  that  pathologic  changes 
in  the  sympathetic  nerve  cause  increased  intra-ocular  pressure.  In  response 
to  hypertonia,  the  lens  is  pushed  forward,  and  the  iris  becomes  adherent 
at  it  periphery  to  the  cornea.  The  escape  of  the  aqueous  humor  is  hin- 
dered; the  optic-nerve  entrance,  being  the  weakest  part  of  the  globe,  is 
pushed  backward.  The  escape  of  blood  through  the  veins  of  the  chorioid  is 
interfered  with,  by  contraction  of  the  unstriped  peribulbar  muscular  fibres, 
which  are  found  in  the  capsule  of  Tenon.  It  is  probable  that  the  diseased 
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■sympathetic  causes  an  increase  in  the  secretion  of  the  aqueous  humor.  Thus, 
increased  secretion,  on  the  one  hand,  and  diminished  excretion,  on  the 
other,  bring  about  a condition  which  ends  in  the  complete  disorganization  of 
all  of  the  ocular  structures.  That  this  is  a reasonable  hypothesis  is  proven 
by  the  fact  that,  if  the  changes  have  not  progressed  too  far,— d.e.,  if  the 
root  of  the  iris  is  not  too  firmly  fastened  to  the  cornea, — excision  of  the 
sympathetic  nerve  will  cause  a diminution  of  tension,  a contraction  of  the 
pupil,  and  an  improvement  in  the  intra-ocular  circulation. 

The  Anatomic  Changes  in  Glaucomatous  Eyes  are  all  due  to  in- 
crease of  tension.  The  venae  vorticosae  being  compressed  easily,  because  of 
their  oblique  course  through  the  sclera,  the  venous  blood  from  the  uveal 
tract  passes  from  the  eye  in  large  part  through  the  anterior  ciliary  veins, 
which  become  enlarged  and  tortuous.  In  acute  inflammatory  glaucoma 
the  uveal  tract  is  the  seat  of  inflammatory  edema.  Synechiae  are  rare,  and 
exudations  of  magnitude  are  never  seen.  The  cloudiness  of  the  cornea  is 
not  a true  inflammation,  but  an  edema.  The  iris  is  similarly  affected,  as 
is  shown  by  discoloration  and  swelling.  In  response  to  pressure  the  lens 
moves  forward^  decreasing  the  depth  of  the  anterior  chamber;  and  swelling 
of  the  ciliary  processes  results  in  the  approximation  of  the  iris-base  to  the 
periphery  of  the  cornea,  as  shown  in  Fig.  340.  Compression  of  the  ciliary 
nerves  causes  loss  of  sensation  in  the  cornea  and  dilation  of  the  pupil,  with 
paralysis  of  the  iris.  The  pain  of  glaucoma  comes  from  the  compression 
of  nerve-filaments  in  the  ciliary  body  and  iris.  Loss  of  vision  is  due  to 
three  results  of  pressure:  (1)  the  opacity  of  the  cornea,  explained  abo\ 

(2)  ischemia  of  the  retina,  due  to  pressure,  contracts  the  visual  field;  and 

(3)  pressure  on  the  optic-nerve  fibres  causes  atrophy.  In  glauccma  sim- 
plex loss  of  vision  is  due  chiefly  to  excavation  and  to  atrophy  cf  the  nerve. 

It  is  now  necessary  to  consider  more  explicitly  the  effects  of  nci  ?ased  intra- 
ocular tension  upon  the  various  structures  of  the  eye  and  their  respective  functions. 
The  eyelids  in  acute  cases  may  show  edema.  The  conjunctiva  shows  general  hypere- 
mia, and  in  acute  types  it  becomes  edematous  (chemosis).  rt  ■ of  a dusky  color. 
The  anterior  ciliary  veins , which  normally  give  exit  to  a sn  ell  part  of  the  blood  from 
the  uveal  tract,  in  glaucoma  are  much  enlarged  by  reason  of  the  blocking  of  the 
venae  vorticosae  through  which  normally  the  mamr  ooition  of  the  blood  from  the 
uveal  tract  passes  from  the  eye.  The  anterior  iliai  y arteries  become  hypertrophic 
in  cases  in  which  the  increase  of  tension  is  of  long  auration.  If  increase  of  tension 
occurs  slowly  the  vascular  changes  are  sligh  The  sclei'a  becomes  distended  in  the 
glaucoma  of  childhood  (hydrophthalmosV  In  adults  it  is  a fixed  and  unyielding 
structure.  In  eyes  which  have  long  beai.  erLiucomatous  there  is  a separation  of  the 
scleral  bundles.  The  cornea  become..  edematous.  Microscopic  examination  shows 
spaces  between  the  epithelial  aud  anterior  elastic  layers  as  well  as  between  the 
epithelial  cells.  The  spaces  between  the  anterior  layers  of  the  lamellae  are  distended 
with  albuminous  fluid.  These  changes  are  apparent  clinically  as.  a superficial  haziness 
which  rapidly  disappears  .The*  the  intra-ocular  tension  is  lowered.  Vesicles  may 
form  on  the  surface  of  cornea.  The  haziness  causes  the  patient  to  complain 

of  the  appearance  of  a halo  around  lights.  Anesthesia  of  the  cornea  is  a common 
symptom  in  glaucji  .a,  and  is  attributed  to  compression  of  nerve-fibres  either  in  the 
-cornea  or  on  thj  long  ciliary  nerves  lying  in  their  scleral  grooves. 
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The  anterior  chamber  in  primary  glaucoma  is  shallow  from  pressure  in  the 
vitreous  chamber  forcing  the  lens  forward.  In  congenital  glaucoma,  as  well  as  in 
some  secondary  cases,  the  iris  is  primarily  adherent  at  its  periphery  to  the  posterior 
surface  of  the  cornea,  thus  blocking  the  angle  of  filtration.  In  such  an  event  the 
anterior  chamber  becomes  deepened.  The  iris , in  recent  cases,  is  pressed  against  the 
posterior  surface  of  the  cornea.  Thus,  the  iridal  vessels  and  nerves  are  compressed. 
If  the  increase  of  intra-ocular  tension  comes  suddenly,  the  iris  shows  edema,  venous 
engorgement,  and  change  in  color.  At  a later  period  it  undergoes  atrophy.  The 
vessels  are  emptied,  become  sclerotic,  and  undergo  hyalin  degeneration.  The  stroma 
disappears  and  the  uveal  pigment  projects  into  the  pupillary  area  (ectropion  uveae). 
In  acute  glaucoma  the  pupil  is  dilated,  pressure  causing  loss  of  function  in  the 
sphincter  muscle.  If  tension  is  relieved  by  an  early  operation,  the  function  is  re- 
stored. In  old  cases  of  glaucoma  the  pupil  is  permanently  dilated.  It  may  be  round, 
but  generally  is  somewhat  oval.  Adhesions  between  the  iris  and  cornea  can  be  readily 
separated  in  recent  cases.  In  old  ones  the  iris  shows  exudation,  small-cell  infiltra- 
tion, and  firm  adhesion  to  the  cornea.  In  glaucoma  simplex  there  is  often  an  absence 
of  dilation  of  the  pupil  and  an  absence  of  atrophy  of  the  iris. 

The  effect  of  increased  pressure  upon  the  ciliary  body  is  shown  in  the  apparent 
rapid  increase  of  presbyopia.  The  patient  will  accept  stronger  convex  lenses  for 
reading  than  his  age  warrants,  and  will  add  to  the  strength  of  his  glasses  1 1 short 
intervals.  In  acute  types  of  glaucoma  the  ciliary  processes  become  swollen  and 
edematous.  They  press  against  the  peripheral  portion  of  the  iris.  Letei  they 
become  atrophic.  In  glaucoma  simplex  these  changes  are  slight.  p cld  cases  the 
ciliary  muscle  becomes  atrophic.  Pain,  which  is  due  to  compression  of  the  nerve- 
fibres  of  the  ciliary  plexus  by  the  edematous  ciliary  processes,  s frequently  present 
in  acute  types  of  the  disease  and  is  often  referred  to  other  branches  of  the  trifacial 
nerve.  If  the  increase  of  tension  is  but  slight,  or  if  it  Comes  on  slowly,  as  in 
glaucoma  simplex,  pain  is  either  absent  or  is  insigmif  car  t.  Early  in  the  history 
of  a case  of  acute  glaucoma  the  chorioid  is  edematous  l oin  venous  obstruction;  later 
it  becomes  atrophic.  In  the  simple  form  of  the  d^ea^e  the  atrophy  is  less  marked 
and  is  slow  to  appear.  Such  a case  will  often  show  a “tessellated  fundus.”  Atrophy 
of  the  chorioid  around  the  optic  disc  is  often  seta  in  old  cases  of  glaucoma.  An  area 
of  sclera  surrounding  the  disc  is  then  exposed  to  view.  In  the  equatorial  region, 
where  the  venae  vorticosae  obtain  exit,  the  chorioid  is  often  atrophic. 

The  crystalline  lens  also  suffers  cuanges  in  glaucoma.  In  acute  cases  it  is 
pushed  forward  and. its  refractive  p^.ver  is  lessened.  The  effect  is  to  make  the 
emmetropic  eye  myopic.  In  old  ^a.  of  glaucoma  the  lens  becomes  opaque  (glaucoma- 
tous cataract),  and  appears  of  a bluisli-white  color  with  a silk-like  lustre  (Fig.  5, 
Plate  XII).  This  form  :f  at?  ract  appears  in  eyes  which  are  undergoing  glaucoma- 
tous degeneration,  and  hent  3 are  blind.  It  is  to  be  distinguished  from  that  form  of 
lenticular  opacity  which  .incidentally  occurs  in  an  eye  which  has  glaucoma  (cataract 
in  a glaucomatous  eve).  It  is  evident  that  the  latter  condition  may  offer  a favorable 
prognosis.  Thu*,  the  surgeon,  in  such  a case,  makes  an  iridectomy  to  reduce  the 
intra-ocular  t nsi  m and  some  weeks  later  extracts  the  lens.  Traumatic  cataract 
also  may  occur  in  an  already  glaucomatous  eye.  The  intra-ocular  fluids  are  altered 
in  glaucoma,  as  will  be  explained  in  a succeeding  paragraph. 

The  retina  suffers  from  increased  intra-ocular  tension,  the  first  effect  being 
an  obstruction  to  the  entrance  of  arterial  and  to  the  exit  of  venous  blood.  Arterial 
pupation  is  either  present  or  can  be  elicited  by  slight  pressure  made  upon  the  globe 
t iro  lgh  the  intervening  eyelid.  Sclerosis  of  the  vessels,  with  hyalin  degeneration, 
and  hemorrhages  are  not  infrequent  in  glaucomatous  eyes.  The  retina  shows  the 
effect  of  increased  pressure  by  a disturbance  of  function  or  by  atrophy.  Loss  of 
vision  may  appear  suddenly  in  acute  glaucoma  or  it  may  develop  slowly  in  the 
chronic  form  of  the  disease.  So  long  as  atrophy  of  retinal  tissue  has  not  taken 
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place  a restoration  of  vision  is  possible.  Reduction  in  vision  begins  peripherally  and 
is  manifested  as  a contraction  of  the  visual  field,  which  is  generally  first  observed  on 
the  nasal  side  (temporal  half  of  the  retina).  The  arteries  and  nerve-fibres  which 
pass  to  the  temporal  portion  of  the  retina  must  run  a greater  distance  than  those 
which  supply  the  nasal  side.  Hence  the  early  loss  in  the  nasal  part  of  the  visual 
field.  The  field  may  be  concentrically  contracted  or  irregularly  lessened.  Generally 
the  field  assumes  an  oval  shape  with  its  chief  area  on  the  outer  side  of  the  point  of 
fixation.  There  is  usually  commensurate  loss  of  central  visual  acuity,  but  in 
glaucoma  simplex  there  may  be  marked  contraction  of  the  visual  field,  with  retention 
of  normal  central  vision.  In  some  cases  there  is  a central  or  paracentral  scotoma. 
The  color-fields  are  generally  contracted  eommensurately  with  the  loss  of  the  field 
for  white. 

The  optic  nerve,  which  is  swollen  and  edematous  in  the  early  stages  of  acute 
glaucoma,  soon  becomes  excavated.  The  causes  of  the  excavation  are  the  retrocession 
of  the  lamina  cribrosa  and  the  atrophy  of  the  nerve-fibres.  The  excavation  involves 
the  entire  head  of  the  nerve  and  may  assume  one  of  several  shapes.  A low  grade 
of  neuritis  is  often  present  in  glaucoma,  as  is  evidenced  by  the  presence  of  round- 
cell infiltration  in  the  optic  nerve  surrounding  the  excavation.  The  term  anterior 
glaucoma  is  applied  to  those  cases  which  show  the  chief  alterations  in  the  anterior 
ocular  segment  (adhesion  of  the  iris  to  the  cornea,  closure  of  Schlemm  s canal,  etc.), 
while  the  name  posterior  glaucoma  indicates  that  the  chief  changes  are  to  be  found 
in  the  optic-nerve  head  and  its  vicinity. 

Changes  in  the  Intra-ocular  Contents. — Troncoso  has  shown  that 
in  glaucoma  the  composition  of  the  aqueous  humor  is  altered.  Its  density 
is  increased.  The  quantity  of  mineral  salts  is  greater  than  normal.  Most 
striking  is  the  increase  in  organic  ingredients  (albumin,  etc.).  This 
change  in  the  amount  of  albumin  present  in  the  aqueous  humor  is  attributed 
to  vascular  disturbance.  A fluid  which  is  loaded  with  albumin  car  be 
excreted  only  slowly  and  with  difficulty.  The  quantity  of  aqueous  humor 
is  less  in  the  glaucomatous  than  in  the  normal  eye  (Troncoso). 

Ophthalmoscopic  Signs. — In  glaucoma  the  ophthalmoscope  shows  a • 
characteristic  picture.  The  head  of  the  nerve  is  excavated,  the  vessels  are 
pushed  toward  the  nasal  side  of  the  disc,  and  the  edges  of  the  disc  often 
appear  undercut  (Fig.  2,  Plate  XXIII).  This  condit  or  is  shown  by  the 
bending  of  the  vessels,  which  appear  as  if  climbing  over  a ledge.  The 
lamina  cribrosa,  being  the  weakest  part  of  the  eve.  is  bent  backward  and 
carries  with  it  the  vessels  and  nerve-fibres  The  arteries  become  smaller 
than  normal,  the  veins  are  engorged,  and  the  ^erve-fibres  undergo  atrophy. 
Usually  the  whole  optic-nerve  head  is  depressed,  the  excavation  being  com- 
plete, as  shown  in  Fig.  342.  Occasionally,  in  glaucoma  simplex,  the  exca- 
vation is  complete  only  on  the  temporal  side  of  the  disc,  while  the  vessels 
on  the  nasal  side  are  separated  from  the  scleral  ring  by  a narrow  margin 
of  nerve. 

As  a result  of  retrocession  of  the  lamina  cribrosa  producing  atrophy, 
vision — central  and  peripheral — is  reduced  and  finally  lost.  Peripheral 
vision  is  the  first  to  sutler,  owing  to  ischemia.  The  loss  is  manifested  by 
a contraction  of  the  form-field,  which  is  either  concentric  or  irregular. 
Often  the  limitation  of  the  field  begins  on  the  nasal  side,  the  temporal 
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part  of  the  nerve  being  the  first  to  suffer.  In  glaucoma  simplex  it  is  not 
unusual  to  meet  with  a concentric  contraction  of  the  field. 

In  making  a diagnosis  with  the  ophthalmoscope  the  observer  must 
remember  the  anatomic  peculiarities  of  different  varieties  of  excavation: 
the  physiologic,  atrophic,  and  glaucomatous.  A partial  excavation  is  phys- 
iologic ; a total  one  is  pathologic.  Of  the  latter,  the  excavation  of 
atrophy  is  shallow,  and  slopes  gradually.  The  excavation  of  glaucoma  is 
shallow  or  deep  according  to  the  duration  of  increased  pressure.  In  the 
shallow  form  the  nerve-head  retains  a good  color,  while  in  the  excavation 
of  atrophy  the  papilla  looks  very  white.  If  the  excavation  be  deep  and 
involve  the  whole  disc,  it  can  be  due  only  to  glaucoma.  Atypical  cases 
are  sometimes  seen  in  which  only  the  temporal  side  of  the  disc  is  excavated ; 
the  vessels  are  pushed  to  the  nasal  side,  being  separated  from  the  scleral 
ring  by  a band  of  healthy  nerve-tissue.  In  myopic  eyes  in  which  glaucoma 


ripr.  342. — Head  of  optic  nerve  in  glau- 
coma absolutum.  (Author.) 


Pig.  34l. — Head  of  normal  optic  nerve. 
( Author.  ) 


supervenes  the  picture  may  be  atypical,  and  repeated  examinations  may  be 
necessary  to  establish  the  diagnosis. 

In  advanced  glaucoma  iho  whole  nerve-head  is  deeply  excavated  and 
the  papilla  is  of  a bluish  n greenish-white  color.  In  the  depths  of  the 
excavation  the  lamina  cribrosa  can  be  recognized  by  the  presence  of  gray 
dots.  By  direct  ophthalmoscopy  the  vessels  cannot  be  traced  from  the 
centre  of  the  nerve  to  the  scleral  ring,  but  by  the  indirect  method  they 
can  be  seen  i n their  whole  course.  The  direct  method  enables  the  observer 
approximate!)  to  measure  the  depth  of  the  excavation.  If  the  vessels,  as  they 
climb  over  the  ledge,  are  seen  distinctly  without  a lens  in  the  ophthalmo- 
scope t.  concave  lens  will  be  necessary  to  see  them  distinctly  at  the  bottom  of 
the  depression.  Each  dioptre  represents  a depth  of  0.3  millimetre.  Sup- 
pus*  , for  example,  the  retinal  vessels  at  the  scleral  ring  are  seen  with  a 
4 1 P.  lens  and  the  central  vessels  in  the  depressed  nerve  are  visible  clearly 
writh  a — IP.  lens,  the  excavation  would  amount  to  0.6  millimetre,  the 
difference  between  the  two  glasses  being  2 P.  In  using  indirect  ophthal- 
moscopy the  difference  in  level  between  the  scleral  ring  and  the  depressed 
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nerve-head  can  be  recognized  only  by  parallactic  displacement,  the  bottom 
of  the  excavation  and  the  surrounding  fundus  seeming  to  move  at  different 
rates.  The  excavation  moves  more  slowly  than  does  the  fundus.  Thus  the 
fundus  seems  to  move  over  the  disc.  In  old  cases  of  glaucoma  the  papilla 
is  surrounded  by  a circle  of  atrophic  chorioid — the  so-called  glaucomatous 
halo ; and  the  chorioidal  vessels  are  unusually  prominent  by  reason  of  di- 
minished pigmentation  of  the  fundus. 

The  loss  of  sight  does  not  depend  so  much  on  the  depth  of  the  excava- 
tion as  on  the  extent  to  which  atrophy  of  the  nerve-fibres  has  taken  place. 
It  is  not  unusual  to  find  that  an  eye  with  a deep  excavation  possesses  con- 


Fig.  343. — Types  of  excavation  of  the  optic  nerve.  ( Jen*ting&.) 

A,  Physiologic  excavation.  B,  Atrophic  excavation.  C,  Glaucoma  as  excavation. 

siderable  or  possibly  normal  central  vision.  On  the  ether  hand,  the  vision 
may  he  lost  completely  in  a few  hours — as  in  glaucoma  fulminans — without 
excavation,  the  period  being  too  short  for  excavation  to  occur.  The  color  of 
the  papilla  and  the  size  of  the  retinal  vessels  form  a better  guide  for  judg- 
ment as  to  visual  acuity  than  does  the  lepth  of  the  excavation. 

CLINICAL  VARIETIES  ANl>  TREATMENT  OF  PRIMARY 
GLAUCOMA. 

Glaucoma  Simplex. — This  disease  comes  so  slowly  and  quietly  that 
it  is  often  overlooked.  It  may  appear  at  any  time  between  the  thirteenth 
and  ninety-sixth  years,  although  most  cases  develop  during  middle  life. 
Few  cases  have  beer  been  in  children.  This  type  of  glaucoma  is  seen  as  fre- 
quently in  men  a 5 in  v^omen.  It  also  occurs  in  myopic  eyes,  which  seem  to 
be  relatively  immune  to  acute  inflammatory  glaucoma.  The  refraction  is 
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usually  hypermetropic,  although  exceptionally  it  may  be  myopic.  Exter- 
nally the  eye  may  appear  normal,  or  the  sclera  may  be  abnormally  white 
and  present  a few  tortuous  vessels.  The  disease  at  first  causes  no  pain, 
but  only  a feeling  of  heaviness  in  and  around  the  eye.  Central  vision  may 
be  almost  normal,  or  normal  one  day  and  foggy  (Y.  = 20/40  or  2%o)  the 
next.  The  loss  of  central  vision  comes  at  a late  period,  and  often  these 
patients  are  able  to  read  long  after  the  peripheral  vision  has  become  so 
much  reduced  as  to  make  walking  dangerous.  The  field  for  form  is  some- 
what contracted,  and  the  color-field  is  narrowed  in  proportion.  Tension  is 
variable — normal  at  one  time  and  slightly  increased  at  the  next  examina- 
tion. The  anterior  chamber  may  appear  of  normal  depth  and  the  pupil 
may  be  responsive  to  light.  One  eye  only  may  be  affected,  in  which  case 
the  corresponding  pupil  will  be  slightly  larger  than  its  fellow.  Sooner  or 
later,  however,  the  other  eye  becomes  glaucomatous.  Sometimes,  during 
the  period  of  fog,  careful  examination  will  show  steaminess  of  the  cornea. 
So  far  as  the  symptoms  referable  to  the  front  of  the  eye  are  concerned,  it 
is  impossible  to  make  a diagnosis.  The  examiner  must  depend  on  th  find- 
ings of  the  perimeter  and  particularly  on  those  of  the  ophthalmoscope. 

For  a long  time  the  media  are  clear  and  the  fundus  can  bi  examined 
satisfactorily.  The  nerve-head  may  present  the  classic  puuched-out  ap- 
pearance, or  the  excavation  may  resemble  that  of  atrophy,  except  that  in 
one  part  of  the  disc  the  excavation  is  very  deep  and  extends  to  the  periphery. 
The  vessels  are  pushed  to  the  nasal  side,  and  they  oo  not  form  continuous 
lines,  but  are  broken  in  their  course  from  the  c?nLre  of  the  nerve  to  the 
edge  of  the  disc.  The  veins  may  be  normal  or  enlarged  and  dark.  The 
arteries  may  or  may  not  pulsate  spontaneously.  If  they  do  not  beat 
spontaneously,  pulsation  is  readily  elicited  by  slight  pressure  on  the  upper 
lid.  In  typical  cases  the  diagnosis  v?  glaucoma  simplex  can  be  made  easily 
with  the  ophthalmoscope,  but  atypical  cases  may  puzzle  the  surgeon  and 
may  require  repeated  examinations.  A map  of  the  visual  field  is  of 
importance  and  is  best  made  under  reduced  illumination.  Central  form- 
and  color-vision  are  good,  while  the  peripheral  fields  may  be  much  con- 
tracted. The  usual  charge  of  the  form-field  is  a loss  in  the  nasal  portion; 
or  there  is  concentric  contraction;  or  sectional  defects,  especially  in  the 
upper  field,  are  found;  or  the  whole  field  will  be  contracted  so  that  only  an 
insignificant  patch  remains.  In  some  cases  scotomata  are  found.  Usually 
the  color-field  is  lost  commensurate  to  the  loss  in  the  form-field. 

Spontaneous  pulsation  in  the  retinal  arteries,  while  highly  suggestive 
of  glaucoma,  is  not  pathognomonic,  since  the  retinal  arterial  pulse  is  seen 
also  in  insufficiency  of  the  aortic  valves,  in  exophthalmic  goitre,  in  aneu- 
risn  s of  the  aorta  and  innominate  arteries,  and  sometimes  in  neurasthenia 
and  chlorosis. 

Diagnosis. — It  is  between  this  form  of  glaucoma,  optic-nerve  atrophy, 
and  cataract  that  the  diagnosis  will  present  most  difficulties  for  the  practi- 
tioner. The  following  diagnostic  table  may  be  of  value: — 
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Glaucoma  Simplex. 

Tension  increased  (at 
times  early  in  the  dis- 
ease, constantly  later). 

Episcleral  veins  are  dilated 
and  tortuous. 

Cornea  may  be  liazy  and 
anesthetic. 

Anterior  chamber  may  be 
shallow. 

Iris  is  normal  at  first, 
atrophic  later. 

Pupil  is  slightly  dilated 
early;  dilated  and  fixed 
later. 

Pupil  gives  greenish  or 
“glaucous”  appearance. 

Slight  pain  is  sometimes 
present  in  early  stage. 

Knee-jerks  are  unaffected. 

Arterial  pulsation  is  pres- 
ent or  easily  produced. 

Whole  disc  is  excavated. 

All  blood-vessels  bend 
sharply  over  the  edge  of 
the  disc.  They  may  be 
seen  indistinctly  at  the 
bottom  of  the  excava- 
tion, and  can  be  brought 
to  view  by  using  a 
weaker  convex  or 
stronger  concave  glass 
in  the  ophthalmoscope. 

Color-fields  are  commen- 
surate to  form-fields. 


Optic-Nerve  Atrophy. 

Tension  is  normal. 

Normal. 

Normal. 

Normal. 

Normal. 

Normal  or  dilated;  Argyll 
Robertson  pupil  is  often 
present. 

Pupil  is  black. 

No  pain. 

Often  lowered  or  lost. 

Arterial  pulsation  is  rarely 
present. 

Whole  disc  is  concave — 
saucer-shape. 

Blood-vessels  pass  from 
disc  into  the  retina  with- 
out making  sharp  bend 
or  curve.  They  are 
smaller  than  normal. 


Disproportionate  loss. 


Cataract. 

Tension  is  normal,  except 
in  traumatic  or  compli- 
cated cataract. 

Normal. 

Normal. 

Normal  or  slightly  shal- 
lowed. 

Normal. 

Normal. 

Pupil  is  whitish  or  grayish. 

No  pain. 

Unaffected. 

No  pulsation. 

Disc  is  normal. 

If  the  opacity  in  the  lens 
does  not  prohibit  the 
use  of  the  ophthalmo- 
scope, the  vessels  appea* 
normal.  They  mav  I*ok 
blurred  in  one  meridian 
and  clear  in  another, 
from  astigmac;sm. 


Oftentimes  years  elapse  before  the  disease  ends  in  absolute  glaucoma, 
or  a case  of  glaucoma  simplex  may  suddenly  show  acute  inflammatory  symp- 
toms and  soon  the  little  vision  remaining  is  destroyed.  Late  in  the  history 
of  glaucoma  simplex  anyone  can  make  a diagnosis.  The  eye  is  hard,  the 
anterior  chamber  is  shallow  or  obliterated,  the  pupil  is  dilated  and  fixed, 
the  cornea  is  anesthetic,  the  lens  is  catai  actous,  and  the  globe  is  marked  by 
enlarged  and  tortuous  vessels.  Fain  is  now  a prominent  symptom. 

Treatment. — Any  disease  of  ihe  general  system,  and  particularly  any 
disease  of  the  nose^  from  which  the  patient  suffers  must  receive  proper 
treatment.  Fatigue  and  worry  should  be  avoided.  The  patient  should 
obtain  sufficient  rest,  and  excesses  of  all  kinds  should  be  avoided.  As  re- 
gards the  local  remedies,— such  as  pilocarpin,  eserin,  etc.,— which  some 
ophthalmologists  a ;e  month  after  month  and  year  after  year  in  cases  of 
glaucoma  simplex,  the  author  wishes  to  enter  a protest  against  their  use 
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except,  as  mere  temporizing  agents.  Many  cases  of  blindness  result  from 
this  form  of  glaucoma,  the  patient  and  physician  wasting  valuable  time  in 
using  miotics.  The  period  during  which  operative  treatment  might  have 
done  good  is  allowed  to  pass.  The  author  is  firmly  of  the  opinion  that 
every  case  of  glaucoma  simplex  possessing  vision  equal  to  the  counting  of 
fingers  at  one  foot  or  more  should  be  given  the  benefit  of  an  operation.  The 
earlier  an  iridectomy  is  performed,  the  greater  will  be  the  probability  of  a 
favorable  result.  It  is  only  fair  to  say,  however,  that,  in  cases  of  glaucoma 
simplex  with  marked  contraction  of  the  visual  field,  great  reduction  in 
visual  acuity,  palpable  increase  of  tension,  and  deep  excavation  of  the 
nerve-head,  many  eminent  ophthalmologists  regard  iridectomy  as  contra- 


Fig.  344. — Field  of  vision  A lef*  eye  in  a case  of  glaucoma  simplex. 

(Author.) 

The  black  area  shows  th'  Cv  tk -action  discovered  at  the  first  examination;  the  shaded 
arc.*  ohcvs  „he  further  loss  found  six  months  later. 

indicated.  In  2 per  cent,  of  all  cases  of  glaucoma  simplex  the  operation 
has  an  injurious  fffect  and  the  patient  soon  becomes  blind.  The  appear- 
ance of  so-called  “glaucomatous  congestion”  makes  an  iridectomy  im- 
perative Jn  cases  in  which  vision  is  on  some  days  normal  and  others 
fogg>,  with  beginning  limitation  of  the  field,  an  iridectomy  should  be  made 
as  soon  as  the  diagnosis  is  certain.  If  the  result  of  this  is  to  relieve  the 
symptoms,  and  vision  does  not  become  less,  the  patient  is  dismissed  with 
the  injunction  to  return  at  once  on  the  advent  of  the  old  symptoms.  If 
the  iridectomy  does  not  check  the  progress  of  the  disease,  a second  iridec- 
tomy may  be  performed ; or  the  surgeon  may  resort  to  a trephining  of  the 
sclera,  to  a sclerotomy,  an  irido-sclerectomy,  a cyclicotomy,  or  a cyclo- 
dialysis. As  a last  resort  he  may  excise  the  superior  cervical  ganglion  of 
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the  sympathetic  nerve.  Miotics  can  be  used  at  any  time,  but  it  is  wrong 
to  let  glaucoma  progress  without  exhausting  all  the  therapeutic  resources 
at  our  command.  While  eserin,  arecolin,  or  pilocarpin  often  reduce  the 
tension  in  cases  of  glaucoma  simplex,  and  thus  postpone  the  inevitable 
day  of  blindness,  this  is  all  that  they  do.  They  never  care  chronic  glaucoma. 

The  Efficacy  of  Iridectomy  in  Glaucoma  Simplex. — Opinions  as  to  the  value 
of  iridectomy  in  glaucoma  simplex  will  differ  by  reason  of  several  factors:  the  time, 
whether  early  or  late,  of  operation;  the  social  condition  of  the  patients,  private  or 
charity  cases;  the  skill  of  the  surgeon;  and  the  period  during  which  the  cases  have 
been  observed  after  operation.  The  statistics  of  von  Graefe,  Fuchs,  Nettleship,  Bull, 
and  others  are  practically  in  accord.  They  show  that  in  about  50  per  cent,  of  cases 
a cure  is  effected,  i.e.,  vision  has  been  retained  or  improved  for  a period  varying  from 
five  to  ten  years. 

Miotics  are  not  to  be  entirely  discarded,  but  their  use  should  be  limited  chiefly 
to  tiding  the  patient  over  the  short  period  during  which  he  can  make  arrangements 
for  operative  treatment.  If  the  patient  refuses  operative  treatment,  a miotic  should 
he  prescribed.  One  of  the  best  of  these  agents  is  arecolin^,!  t is  used  in  a %-  to  1- 
per-cent.  strength  solution.  Eserin  and  pilocarpin  are  also  valuable  miotics. 

It  must  not  be  expected  that  any  treatment  will  cure  all  cases  of  glaucoma. 
However,  the  plan  here  outlined  will  show’  much  better  results  than  will  the  inter- 
minable use  of  miotics.  These  agents  are  useless  unless  they  contract  the  iris  and 
lower  the  tension.  They  are  without  practical  value  in  an  old  case  of  glaucoma  with 
an  atrophic  iris.  Eserin,  wThen  used  alone,  often  causes  congestion  of  the  ciliary 
processes,  possibly  leading  to  increase  of  tension.  If  used  in  conjunction  with  cocain, 
the  result  is  miosis,  and,  in  favorable  cases,  reduction  of  tension  occurs  without 
congestion  of  the  ciliary  processes.  When  employed,  eserin  “should  be  used  in  the 
minimum  amount  and  with  the  minimum  frequency  which  suffices  to  contract  th^ 
iris  and  keep  it  contracted”  (Bull).  The  salicylate  and  hydrobromate  of  esprii.  are 
preferred  to  the  sulphate  or  hydrochlorate  .(Bull) . Pilocarpin  is  said  to  lowe;  the 
tension  in  some  cases  of  glaucoma  in  which  eserin  fails.  As  Lilienfeld  1 ias  shown,  it 
may  contain  an  impurity  known  as  jaborin,  an  isomer  of  pilocarpin,  which  acts  as  a 
mydriatic.  Hence,  pilocarpin  preparations  should  be  subjected  to  physiologic  tests. 

Chronic  Irritative  Glaucoma  (Chronic  Inflammatory  Glaucoma) —This 
form  of  glaucoma  is  distinguished  from  the  acute  variety  by  the  constant 
presence  of  characteristic  symptoms,  which,  during  periodic  exacerbations, 
become  more  marked.  It  presents  prodromal  symptoms.  After  a time  the 
glaucomatous  crises  appear  at  shorter  and  diorter  intervals.  The  eye  re- 
mains hard.  The  cornea  is  steamy  and  onaque.  The  anterior  ciliary  veins 
appear  dilated  upon  the  bluish-gray  s^ior  i.  The  iris  ceases  to  react  to 
light;  the  pupil  becomes  dilated  acl  maximum , and  finally  the  iris  is  reduced 
to  a narrow  band  covered  in  large  part  by  the  corneal  limbus.  In  ad- 
vanced cases  the  iris  loses  its  normal  markings,  its  stroma  disappears,  and 
the  pigment  epithelium  becomes  visible.  The  cornea  is  anesthetic.  The 
anterior  chamber  is  shallowed  by  the  forward  movement  of  the  lens.  Pain 
of  greater  or  less  severity  is  an  almost  constant  symptom.  At  intervals 
the  steaminess  of  ilie  cornea  disappears,  permitting  an  ophthalmoscopic 
examination.  This  »nows  the  retinal  veins  to  be  dilated  and  tortuous,  the 
arteries  narre  w eo  and  pulsating  either  spontaneously  or  on  slight  pressure. 
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and  the  optic  papilla  excavated.  There  is  progressive  reduction  in  visual 
acuity  and  progressive  contraction  of  the  visual  field.  The  disease  ends 
in  complete  blindness.  Pain  persists  and  the  patient  clamors  for  relief. 

Treatment. — This  form  of  glaucoma  calls  for  an  iridectomy,  an  irido- 
sclerectomy,  or  a trephining  of  the  sclera.  Reserve  operations  are  cycli- 
cotomy,  cyclodialysis,  and  excision  of  the  superior  cervical  ganglion  of  the 
sympathetic.  Prior  to  operation  miotics  and  subconjunctival  injections 
of  sodium  citrate  may  be  tried. 

Acute  Inflammatory  Glaucoma. — Although  this  disease  may  appear 
suddenly,  it  is  the  rule  that  certain  premonitory  signs  are  known  to  have 
been  present.  They  are  often  overlooked  or  are  disregarded  by  the  patient, 
to  such  an  extent  that  the  examiner  must  ask  many  questions  to  obtain  the 
true  history  of  the  case.  A patient  who  is  about  to  be  subject  to  an  out- 
break of  glaucoma  will  probably  have  had  days  of  misty  or  foggy  vision. 
He  may  have  seen  a rainbow-like  appearance  around  a light;  and  these 
symptoms  may  have  been  more  noticeable  after  loss  of  sleep  or  in  the  pres- 
ence of  great  fatigue  or  strong  emotional  excitement.  He  may  have 
changed  his  glasses  more  often  than  is  usual  for  presbyopic  persons.  These 
symptoms  appear  from  time  to  time.  The  intervals  betw  "en  them  may 
shorten  and  the  condition  known  as  glaucoma  simplex  may  develop;  or 
inflammatory  symptoms  may  arise,  and  the  case  is  then  one  of  acute 
glaucoma.  The  exciting  cause  of  an  outbreak  may  be  great  weakness  in- 
duced by  fatigue,  hemorrhage,  or  shocking  news.  The  patient  has  ex- 
cruciating pain  in  and  around  the  eye.  Ti  e sight  is  diminished  and  may 
be  entirely  lost  in  twenty-four  hours,  in  the  fulminant  form  of  the  disease. 
The  conjunctiva  and  lids  are  swollen,  and  the  eye  is  intensely  red  around 
the  corneoscleral  junction.  The  anterior  chamber  is  shallow,  the  cornea 
is  anesthetic,  and  the  eyeball  shows  tension  of  -f-  2 or  3.  The  patient 
has  fever  and  is  restless.  Of  en  vomiting  is  a prominent  sign,  and  it 
may  lead  to  the  belief  that  tie  case  is  one  of  sick  headache  or  gastric 
disease.  Pain  may  cause  ihb  practitioner  to  think  he  is  dealing  with  iritis 
— an  unfortunate  diagnosis,  resulting  in  loss  of  the  eye. 

Diagnosis. — The  diagnosis  of  acute  inflammatory  glaucoma  can  be 
made  with  the  Angers.  The  increase  of  tension  should  be  evident  to  any 
physician  capable  of  the  intelligent  use  of  the  sense  of  touch.  The  ex- 
amination is  to  be  conducted  as  described  in  the  chapter  on  examination  of 
the  eye  (page  100).  If  the  media  are  clear,  the  ophthalmoscope  may  or 
may  not  show  the  characteristic  excavation  of  the  head  of  the  optic  nerve. 
In  some  cases  the  vision  is  lost  so  rapidly  that  blindness  ensues  before  ex- 
cavation appears.  In  some  cases  of  acute  inflammatory  glaucoma  the  head 
of  the  optic  nerve  appears  swollen. 

Treatment. — As  soon  as  the  disease  is  recognized  a drop  of  eserin 
solution  (gr.  ij  to  iv  to  1 ounce)  should  be  instilled.  If  it  contracts  the 
pupil  and  louvers  the  intra-ocular  tension,  an  iridectomy  can  be  performed 
under  more  favorable  circumstances.  If,  however,  eserin  is  without  effect, 
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no  time  should  he  lost — an  iridectomy  should  be  made  at  the  earliest 
moment.  The  relief  following  the  use  of  a miotic  may  lead  the  patient  to 
postpone  operative  treatment.  It  will  be  the  surgeon's  duty  to  explain 
the  gravity  of  the  disease  and  the  appropriateness  of  operative  intervention. 
If  no  benefit  comes  from  the  early  use  of  eserin  and  the  anterior  chamber 
is  so  much  shallowed  that  an  iridectomy  cannot  be  properly  executed,  a 
posterior  sclerotomy  should  be  made;  this  should  relieve  the  tension  and 
deepen  the  anterior  chamber,  thus  permitting  the  execution  of  iridectomy 
with  greater  ease  and  accuracy. 

Recently  (1910)  Thomas  and  Heller  have  reported  great  benefit  from  subcon- 
junctival injections  of  sodium  citrate — 5 to  15  drops  of  a 4.5-per-cent,  solution. 
This  treatment,  which  may  be  repeated  at  intervals  varying  from  two  to  ten  days, 
causes  a marked  reduction  of  tension  with  relief  of  pain  and  improvement  of  vision. 
Thus  the  eye  is  placed  in  a more  favorable  condition  for  iridectomy.  Miotics  and 
subconjunctival  injections  may  be  used  simultaneously. 

Acute  inflammatory  glaucoma  usually  yields  to  a properly  executed  iridectomy. 
If  iridectomy  fails  to  relieve  the  tension,  the  surgeon  may  employ  a posterior  scle- 
rotomy, a sclerectomy,  or  a cyclicotomy. 

Glaucoma  Fulmixaxs. — This  term  is  given  to  those  rare  cases  of  acute  inflam- 
matory glaucoma  in  which  blindness  follows  quickly  in  the  wake  of  the  first  attack 
of  the  disease.  Prodromal  symptoms  are  often  absent.  There  is  rapid  rise  in  intra- 
ocular tension  with  maximal  dilation  of  the  pupil  and  intense  pain.  Vision  may  be 
lost  within  a few  hours.  Ophthalmoscopic  examination  shows  diffuse  haziness  of  the 
aqueous  and  vitreous  humors,  with  engorgement  of  the  retinal  veins  and  narrowing 
of  the  arteries.  In  a brief  period,  often  within  a week,  the  optic-nerve  head  shows  an 
excavation.  Sulzer  and  von  Graefe  observed  cases  in  which  the  nerve-head  was  red 
and  swollen.  The  disease  occurs  in  persons  over  50  years  of  age.  The  prognosis  is 
serious.  An  iridectomy,  if  made  promptly,  may  save  useful  vision. 

Hemorrhagic  Glaucoma. — Intra-ocular  hemorrhages  occur  in  glaucoma. 
They  may  appear  late  in  the  history  of  the  case — glaucoma  with  hemor- 
rhages; or,  as  is  sometimes  observed,  hemorrhages  appear  in  an  apparently 
normal  eye,  and  later  the  tension  rises  (hemorrhagic  glaucoma).  It  is 
necessary  to  draw  clearly  a distinction  between  these  conditions,  not  only 
for  prognostic,  but  also  for  legal,  reasons.  An  operation  \vhich  might  be 
undertaken  in  an  old  case  of  glaucoma  with  hemo^vages  would  be  entirely 
valueless  in  hemorrhagic  glaucoma. 

Hemorrhagic  glaucoma  may  be  defined  as  r.n  ocular  disease,  with  in- 
creased tension,  following  a previous  hemorrhagic  retinitis.  As  Stirling 
says,  it  “must  be  distinguished  from  hemorrhage  into  an  already  glau- 
comatous eye"- — a valuable  point  to  which  Risley  first  directed  attention. 
It  is  fortunately  a disease  rarely  met  with,  Risley  and  Oliver  having  found 
it  but  12  times  among  60,000  ophthalmic  cases. 

Symptoms. — The  patient  usually  seeks  relief  on  account  of  failing 
vision  due  to  intra-ocular  hemorrhage,  which  is  a result,  as  a rule,  of  some 
gross  change  in  the  vascular  system  (endarteritis  or  thrombosis).  The 
symptoms  of  a subacute  or  of  an  acute  glaucoma  follow  the  hemorrhages  at 
an  interval  of  weeks  or  months.  The  ophthalmoscopic  signs,  where  the 
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media  are  clear,  consist  of  tortuosity  of  the  retinal  vessels,  and  the  presence 
of  numerous  flame-shaped  hemorrhages,  which  are  particularly  abundant 
in  the  macular  region.  The  optic  disc  may  be  red  and  hazy,  or  it  may 
show  pronounced  neuroretinitis.  The  retinal  arteries  are  usually  small 
and  the  veins  are  large.  Later  in  its  history  the  eye  shows  the  nerve-head 
deeply  cupped  and  filled  with  lymph  and  blood. 

Etiology. — As  regards  age,  most  cases  occur  between  50  and  70  years. 
Weinhaum  saw  a case  26  years  old  and  the  author  met  with  one,  a young 
man,  aged  25  years.  The  disease  usually  affects  one  eye  only,  although 
cases  have  occurred  in  which  both  were  involved.  The  most  constant  of 
the  general  changes  found  in  cases  of  hemorrhagic  glaucoma  is  a general 
arteriosclerosis,  which  may  he  a part  of  or  separate  from  general  senile 
changes.  The  disease  may  follow  the  ocular  changes  of  albuminuria. 
Treacher  Collins  considers  that  there  is  an  analogy  between  hemorrhagic 
and  primary  glaucoma — a view  which  is  opposed  by  many  ophthalmologists. 
Alt  considers  that  hemorrhagic  glaucoma  is  always  caused  by  hemorrhages, 
and  that  hypermetropia  is  behind  the  trouble.  Noyes  saw  cases  dim  to,  or 
at  least  associated  with,  embolism  of  the  central  retinal  an  tv  Richey 
believes  that  the  disease  depends  on  disease  of  the  vessel-wall  s.  which  are  too 
weak  to  bear  increased  arterial  tension.  Risley  states  that  “it  is  hut  a 
local  expression  of  the  disease  of  the  general  vascuW  tree,  and  as  such 
anticipates  in  blindness  the  fatal  result  which  in  many  cases  speedily 
follows.” 

Pathology. — The  pathologic  changes  of  hemorrhagic  glaucoma  are 
located  in  the  eyeball  and  in  the  cervica’  portion  of  the  sympathetic  nerve. 
The  ocular  changes  comprise  inflammatory  and  degenerative  lesions  in  the 
chorioid,  iris,  and  ciliary  body.  In  some  cases  the  chief  lesions  are  in  the 
retinal  vessels.  ' The  changes  consist  of  “sclerosis,  hyalin  changes  in  the 
vessel-walls,  obstruction  of  the  lumen  by  thrombi,  distension  of  the  vascular 
canals  with  blood,  and  ruptures.  With  these,  the  signs  of  more  or  less 
gross  inflammatory  reactions  in  the  surrounding  tissues  are  constantly 
found”  (Oliver).  The  cornea  may  show  bullae.  The  lens  often  is  cataract- 
ous  and  the  vitrecus  l.umor  is  shrunken.  There  are  hemorrhagic  extrav- 
asations into  the  reiina,  whicli  is  usually  detached  and  cystic.  In  cases 
where  the  proeocs  has  long  continued  the  cornea  becomes  ulcerated  and  the 
place  of  the  vitreous  is  taken  by  grumous  and  gelatinoid  exudates.  Such 
eyes  end  in  airophia  bulbi  or  in  panophthalmitis. 

Phnoxosis. — The  prognosis  of  hemorrhagic  glaucoma  is  unusually 
gra"e  as  regards  vision  and  serious  as  regards  the  life  of  the  patient.  The 
disease  heretofore  has  been  considered  not  only  fatal  to  sight,  but  in  the 
ia”ge  majority  of  cases  removal  of  the  globe  has  been  necessary.  In 
28  eyes  whose  history  was  collected  by  Schweigger,  vision  was  lost  in  all, 
and  24  were  finally  enucleated.  Iridectomy,  opticociliary  neurectomy, 
and  sclerotomy  have  been  followed  in  almost  all  -cases  by  hemorrhage  re- 
quiring immediate  removal  of  the  globe  or  by  a return  of  violent  pain  neces- 
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sitating  the  same  procedure.  Kecently,  however,  Oliver  has  recorded  a 
more  favorable  prognosis  from  iridectomy  performed  slowly  under  general 
anesthesia,  the  patient  being  placed  on  a bed  with  the  head  much  higher 
than  the  feet,  so  as  to  diminish  the  chances  of  increased  blood-pressure. 
This  surgeon,  as  a result  of  careful  attention  to  his  cases  of  hemorrhagic 
glaucoma,  was  able  to  save  for  3 of  8 cases  almost  normal  vision  for  eight, 
six,  and  four  years,  respectively.  The  fields  of  vision  in  these  cases  are 
fairly  large.  In  two  other  eyes  of  this  series  the  disease  was  held  in 
check  for  several  months,  the  patients  having  useful  vision,  hut  ended  in 
further  hemorrhages  due  to  trauma.  Two  cases  of  hemorrhage  into  the 
fellow-eye,  previously  operated  on,  were  followed  by  a permanently  success- 
ful iridectomy  on  the  second  eye,  the  first  eye  being  enucleated. 

Treatment. — General  treatment  is  required  in  every  case.  The  pa- 
tient’s surroundings  should  be  cheerful  and  hygienic.  He  should  obtain 
sufficient  sleep.  All  causes  of  excitement  are  to  he  avoided,  and  alcoholic 
beverages  are  to  be  prohibited.  The  internal  administration  of  salicylate 
of  sodium  is  useful.  Abadie  advises  the  administration  of  quinin  and  ergot. 
Search  should  be  made  for  gouty,  rheumatic,  or  syphilitic  manifestations, 
and,  if  found,  proper  treatment  should  be  instituted.  Subconjunctival  injec- 
tions of  sodium  citrate  may  be  tried. 

As  regards  operative  treatment,  the  surgeon  can  choose  between 
iridectomy  and  anterior  sclerotomy.  Such  questionable  procedures  as 
paracentesis  of  the  cornea,  scleral  trephining,  and  stretching  the  external 
nasal  nerve  are  out  of  place.  Excision  of  the  superior  cervical  ganglion  of 
the  sympathetic  nerve  may  he  of  value.  Electricity  is  not  indicated  in 
this  disease. 

Malignant  Glaucoma. — Following  a technically  correct  iridectomy,  the 
lens  may  advance  and  block  the  wound.  The  iris  lies  agains  ti.e  cornea, 
there  is  no  escape  of  fluid  from  the  eye,  and  vision  is  soon  lo&‘ . An  attempt 
must  be  made  to  restore  the  lens  to  its  proper  position  by  pressing  on  the 
centre  of  the  cornea  until  the  anterior  chamber  is  restored ; otherwise  the 
lens  must  be  extracted. 

Glaucoma  Absolutum. — This  term  is  appU(  d vhen  the  glaucomatous 
eye,  completely  blind,  is  of  stony  hardnes. . nhe  pupil,  widely  dilated, 
is  of  a greenish  or  dirty-gray  color.  'T’he  anterior  chamber  is  almost 
completely  abolished.  The  cornea  is  Jear,  but  insensitive. 

At  a later  period,  such  an  eye  undergoes  glaucomatous  degeneration. 
The  cornea  becomes  opaque,  the  len^  cataractous,  the  sclera  ectatic,  and 
after  a long  period  the  globe  undergoes  softening  and  atrophy.  It  may 
develop  an  ulcus  serpens  of  the  cornea,  with  sequent  iridocyclitis  or  panoph- 
thalmitis. Kibbon-like  opacity  of  the  cornea  is  frequent  in  eyes  undergoing 
glaucomatous  degeneration.  During  much  of  the  period  of  glaucomatous 
degeneration  the  pitlent  has  subjective  luminous  impressions,  which  de- 
lude him  into  th  * Relief  ‘that  his  vision  will  some  day  be  restored.  In  rare 
instances  spontaneous  rupture  of  the  globe  occurs. 
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Treatment. — If  the  glaucomatous  eye  be  entirely  blind,  it  will  demand 
no  treatment  so  long  as  it  is  quiet.  Unfortunately,  however,  such  eyes 
usually  become  very  painful  and  the  patient  clamors  for  relief.  Subcon- 
junctival injections  of  sodium  citrate  (4.5  per  cent,  strength)  are  useful. 
Hot  fomentations  applied  to  the  eye  and  leeches  to  the  temple  may  give 
temporary  relief. 

Among  the  operations  for  the  relief  of  pain  in  absolute  glaucoma 
are  iridectomy,  neurectomy,  and  enucleation.  Of  these,  iridectomy  may  be 
tried.  Often,  however,  after  making  an  iridectomy  or  an  excision  of  the 
optic  and  ciliary  nerves,  the  pain  will  return.  The  disadvantage  of  enuclea- 
tion is  that  it  causes  a great  deformity.  A posterior  sclerotomy  may  re- 
lieve the  tension  and  pain.  If  this  fails,  trephining  of  the  sclera  may  be 
tried.  In  the  stage  of  glaucomatous  degeneration  only  enucleation  is 
valuable. 

Treatment  of  the  Apparently  Unaffected  Eye  in  Glaucoma  is  a matter 


Fig.  345. — Acquired  hydro pht  rnlmos.  (Author.) 

The  specimen,  which  is  from  a girI  -'ged  15  years,  shows  complete  adhesion  of 
the  pupillary  margin  of  the  iris  to  tht  ieT  s,  which  is  shrunken  and  displaced.  The 
cornea  is  much  enlarged,  and  thrc  ugL  the  greater  part  of  its  extent  the  iris  is  ad- 
herent to  it.  The  iris  is  also  AropMc  This  eye  measures:  vertical  diameter,  22 
millimetres;  axial  diameter,  “*0  ^ail  imetres. 


of  importance.  Careful  examination  will  frequently  show  that  the  appar- 
ently normal  eye  presents  premonitory  signs  of  glaucoma,  in  the  way  of 
transient  increase  of  tension,  obscuration  of  sight,  slight  steaminess  of  the 
cornea,  etc.  7ti  such  cases,  although  vision  may  be  for  most  of  the  time 
normal,  th(  ai  tnor  advises  an  iridectomy,  which  is  to  be  made  as  soon  as 
the  eye  first  operated  has  recovered.  This  advice  is  especially  to  be  urged 
upoA  patients  who  live  far  from  competent  ophthalmic  surgeons. 

Glaucoma  after  Cataract  Operation  is  discussed  in  the  chapter  on  dis- 
eases of  the  crystalline  lens  (page  458). 

Prevention  of  Primary  Glaucoma. — If  errors  of  refraction  and  accom- 
modation were  properly  treated  early  in  life,  it  is  highly  probable  that  the 
percentage  of  glaucoma  cases  would  be  much  reduced.  If  a patient  already 
has  glaucoma,  he  should  be  urged  to  lead  a regular  and  quiet  life.  Causes 
of  excitement  should  be  avoided.  Stimulants  should  not  be  used.  Previous 
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to  making  an  iridectomy  or  any  other  operation  upon  one  eye  a miotic 
should  he  instilled  into  the  other  eye,  to  prevent  an  attack  of  glaucoma. 

Hydrophthalmos  (Buphthalmos;  Infantile  Glaucoma;  Congenital  Glau- 
coma).— This  is  a rare  disease  of  childhood,  which  is  characterized  by 
increased  intra-ocular  tension  and  enlargement  of  the  eyeball  in  all  of  its 
diameters.  The  increase  of  tension  is  due  to  blocking  of  the  drainage  appa- 
ratus. Some  writers  speak  of  this  disease  as  always  congenital,  hut  this  is  a 
mistake.  The  author  has  seen  three  cases  in  which  the  disease  was 
acquired.  In  two  it  followed  gonorrheal  ophthalmia,  in  the  other  an  injury. 
The  latter  case  was  that  of  a girl  of  15  years,  who,,  at  the  age  of  5 years, 
was  struck  with  the  tine  of  a table-fork,  which  pierced  the  cornea  and  was 
followed  by  iris-prolapse.  A surgeon  desired  to  enucleate  the  eye,  but  the 
parents  would  not  consent.  The  patient  was  lost  sight  of  and  ten  years 
later  came  with  pronounced  hydrophthalmos.  A section  of  the  enucleated 
eye  is  shown  in  Fig.  345.  How  came  it  that  this  case  was  transformed  from 
one  of  iris-prolapse  into  hydrophthalmos?  Shortly  after  the  receipt  of 
the  injury  the  wound  closed  and  the  aqueous  humor  separated  the  iris  from 
the  corneal  wound.  An  iritis  followed  and,  being  untreated,  adhesions 
fastened  the  iris  to  the  lens-capsule,  thus  completely  separating  the  pos- 
terior from  the  anterior  chamber;  and  gradual  accumulation  of  aqueous 
humor  raised  the  intra-ocular  pressure,  with  the  result  that  the  eye  became 
enlarged.  This  could  occur  only  in  a child,  since  in  the  adult  the  sclera 
is  unyielding  unless  it  be  softened  by  intiammation. 

The  hydrophthalmic  eye  may  attain  huge  proportions.  In  the  case 
of  a girl  aged  13  years,  who  was  observed  by  the  author,  the  eyeball 
measured  45  millimetres  in  its  antero-posterior  diameter  and  30  milli- 
metres at  the  equator.  The  diameter  at  the  base  of  the  cornea  was  28 
millimetres.  This  was  a case  of  acquired  hydrophthalmos  sequent  to  oph- 
thalmia neonatorum. 

For  anatomic  reasons,  the  disease  tends  toward  the  production  of 
grave  changes  in  all  the  structures  of  the  eye.  In  response  to  increased 
intra-ocular  tension,  the  eyeball  increases  in  ever>-  diameter.  The  cornea 
becomes  enlarged  to  such  an  extent  that  the  teim  keratoglobus  can  be  ap- 
plied with  propriety.  The  lens,  which  is  of/en  udimentary,  is  arrested  in 
its  growth;  and  the  eyeball  from  being  hypermetropic,  or  possibly  emme- 
tropic, in  the  acquired  form  of  bupLthaimos  becomes  greatly  myopic. 
Vision  is  gradually  reduced  by  excavation  of  the  optic-nerve  head  or  by 
chorioidal  and  retinal  changes.  The  globe  protrudes  to  such  an  extent  as 
to  cause  a hideous  deformity.  The  eye  shows  signs  of  irritation.  It  is 
subject  to  frequent  attacks  ot  conjunctivitis  and  keratitis.  The  cornea 
becomes  thin,  and  often  lo*  ks  bluish  from  contact  of  the  adherent  iris. 
The  line  of  demarcation  between  the  cornea  and  sclera  is  lost.  The  ciliary 
region  often  presents  nodules.  The  anterior  chamber  may  be  of  great 
depth  in  the  cen  re  and  be  obliterated  at  the  periphery.  Often  the  iris  is 
atrophic  and  presents  numerous  rents.  Generally  a view  of  the  depths  of 
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the  eye  cannot  be  had,  because  of  opacities  in  the  lens  or  the  presence  of 
exudation  in  the  pupillary  area. 

Cases  of  buphthalmos  sometimes  go  on  to  spontaneous  cure.  Thus  the 
increased  tension  may  expand  the  eye  to  a certain  point,  at  which  the 
enlargement  becomes  stationary,  and  the  tension  may  become  normal. 
Although  such  an  eye  remains  large  and  the  sight  is  defective,  no  further 
increase  occurs  and  vision  is  not  further  impaired. 

Etiology. — The  causes  of  acquired  hydrophthalmos  are  trauma  and 
perforating  corneal  ulcers.  As  regards  the  cause  of  the  congenital  form, 
there  is  much  doubt.  Johnson  reports  the  occurrence  of  the  disease  in 
three  children  in  the  same  family.  A failure  of  the  iris  to  separate  from 
the  posterior  surface  of  the  cornea  at  its  extreme  periphery  can  occur  un- 


Fig.  346. — Binocular  hydrophilic  linos  following  ophthalmia  neonatorum. 

(Author.) 

associated  with  anterior  synechia  elsewhere,  and  this  offers  an  easy  ex- 
planation of  congenital  buphthalmos;  but  why  this  separation  should  not 
take  place  is  not  .'nov  n.  Collins  has  made  microscopic  examinations  of 
several  eyes  afflicted  with  congenital  glaucoma,  and  has  found  that  in  all 
the  angle  of  the  anterior  chamber  was  closed  by  adhesion  of  the  root  of 
the  iris  to  the  cornea.  The  canal  of  Schlemm  may  be  absent.  Hydroph- 
thalmos ha"  been  observed  as  a symptom  in  neurofibromatosis  multiplex 
(Recklinghausen's  disease). 

Diagnosis. — Hydrophthalmos  may  be  mistaken  for  interstitial  kera- 
t'tis.  These  diseases  present  somewhat  similar  appearances  in  their  initial 
stage.  The  differentiation  can  be  made  by  the  state  of  the  tension,  which 
is  increased  in  hydrophthalmos. 

Prognosis  and  Treatment. — Iridectomy  in  this  disease  is  rarely  fol- 
lowed by  improvement.  During  the  operation  the  zonula  is  likely  to  be- 
come ruptured  and  there  is  loss  of  vitreous  humor.  Bergmeister  has 
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recorded  the  case  of  a child,  aged  13  years,  on  whom  he  made  an  iridectomy 
for  congenital  hydrophthalmos  when  the  patient  was  six  months  old.  A 
cure  followed  the  operation.  Sjtolting  has  had  favorable  results  from 
repeated  sclerotomies.  Snellen  treats  these  cases  by  paracentesis  of  the 
anterior  chamber.  Fuchs  combines  iridectomy  with  sclerectomy.  Sym- 
patheticectomy  has  been  tried  in  a few  cases  without  improvement.  The 
use  of  miotics  is  of  little,  if  any,  value.  When  the  eye  is  greatly  enlarged,  » 
thus  causing  a deformity,  and  vision  is  lost,  enucleation  or  a Mules  opera- 
tion is  to  he  advised.  Such  eyes  are  sources  of  both  physical  and  mental 
suffering.  Kupture  of  the  eyeball  may  occur  from  a slight  trauma. 

SECONDARY  GLAUCOMA. 

This  term  is  applied  to  all  cases  in  which  increased  intra-ocular  tension 
comes  from  other  pathological  processes.  Hence  the  increase  of  tension  is 
a complication — and  often  it  is  a serious  one — of  a pre-existing  affection. 
The  presence  of  secondary  glaucoma  requires  a complete  change  in  the 
management  of  the  case.  The  clinical  picture  presented  by  secondary 
glaucoma  varies  with  the  accompanying  disease  or  injury.  It  may  be  of 
the  acute  inflammatory  type,  or  it  may  be  made  manifest  only  by  a slight 
increase  of  tension  which  leads  to  excavation  of  the  optic  nerve-head,  to 
loss  of  central  vision  and  to  contraction  of  the  visual  field.  Hence,  sec- 
ondary glaucoma  may  be  an  acute  or  a chronic  disease.  Among  the  chief 
causes  of  secondary  glaucoma  are:  (1)  Ectasia  of  the  cornea  and  the 
sclera.  (2)  Incarceration  of  the  iris  in  a corneal  or  a scleral  scar.  (3) 

A neglected  iritis,  leading  to  closure  of  the  aqueduct  from  the  j oste.io^ 
to  the  anterior  chamber.  (4)  Iridocyclitis,  which,  as  a rule,  letds  to  only 
temporary  increase  of  tension.  (5)  Closure  of  a corneal  fistula.  (6) 
Rapid  swelling  of  a wounded  lens.  (7)  Dislocation  of  the  lens,  either  into 
the  anterior  chamber  or  laterally.  (8)  Intra-ocular  htoorrhage.  (9) 
The  growth  of  intra-ocular  tumors.  (10)  Detachment  of  fi  e retina.  (11) 
Aniridia.  (12)  Operations  on  the  eye.  (13)  Chcnckh Us  and  high  myopia. 

HYPOTONY. 

Hypotony  is  a diminution  of  intra-ocular  tension,  and  indicates  a 
reduction  in  volume  of  the  contents  of  the  eyeball.  It  follows  perforating 
wounds  or  ulcers,  and  occurs  in  case?  of  atrophy  of  the  globe  after  iridocy- 
clitis. It  is  found  after  injury  to  the  cervical  portion  of  the  great  sympa- 
thetic nerve  or  after  removal  oe  Its  ganglia.  Slight  reduction  of  tension 
follows  the  use  of  a bandage  which  has  been  tightly  applied  to  the  eye. 

It  is  a common  symptom  in  detachment  of  the  retina  and  in  keratitis.  The 
local  use* of  cocain  causes  slight  hypotony.  Dionin  is  said  to  produce  a 
similar  effect.  OplUhslmomalacia,  a condition  in  which  diminished  tension 
appears  without  knrwn  cause,  is  described  on  page  436. 
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OPERATIONS  FOR  GLAUCOMA. 

Few  glaucoma  operations  have  stood  the  test  of  time  and  are  worthy  of 
mention.  They  are:  iridectomy,  sclerotomy,  iri do-sclerectomy  (Lagrange’s 
operation),  cyclicotomv  (Hancock’s  operation),  cyclodialysis  (Heine’s 
operation),  trephining  of  the  sclera,  and  excision  of  the  superior  cervical 
ganglion  of  the  sympathetic  nerve.  Not  one  of  these  procedures  can  be  de- 
pended upon  to  cure  all  cases  of  glaucoma.  It  will  be  found  advisable  in 
some  cases  to  employ  two  of  these  operations  at  different  periods,  or  it  may 
be  necessary  to  make  an  iridectomy  twice  on  the  same  eye,  to  control  the 
tension.  Iridectomy,  introduced  by  von  Graefe  in  1857,  has  long  held 
sway  as  the  chief  treatment  for  glaucoma.  Sclerotomy,  sclerectomy,  and 
cvclicotomy  have  not  attained  the  popularity  which  has  been  accorded  to 
von  Graefe’s  operation.  Cyclodialysis  is  employed  by  many  German  sur- 
geons. It  is  of  too  recent  a date  to  justify  an  absolute  opinion  as  to  its 
value.  The  same  statement  is  applicable  to  the  various  methods  of  trephin- 
ing the  sclera.  In  1897  Jonnesco  performed  an  operation  for  gnucoma 
which  had  been  already  suggested  by  Abadie,  viz. : excision  of  tl  e superior 
cervical  ganglion  of  the  sympathetic  nerve.  Unfortunately,  the  ultimate 
results  often  have  not  been  satisfactory. 

Iridectomy. — An  iridectomy  for  glaucoma  is  a much  different  operation 
from  an  excision  of  the  iris  for  an  optical  purpose  Tne  latter  requires 
the  removal  of  a small  part  of  the  iris  through  an  incision  made  in  the  cor- 
neal tissues.  The  former  contemplates  the  excision  of  one-fifth  of  the 
iris-tissue  through  an  incision  made  in  the  sclera  close  to  the  canal  of 
Schlemm.  (Treacher  Collins  has  shown  that  the  section  in  iridectomy 
rarely  passes  through  the  ligamentum  ptctinatum,  and  that  the  canal  of 
Schlemm  invariably  escapes.)  The  amount  of  iris-tissue  removed  is  of 
less  importance  than  is  the  site  of  operation.  The  object  is  to  restore  the 
drainage  of  the  anterior  chamber.  The  instruments  required  are  a 
speculum,  fixation-forceps  bent  Keratome  or  the  narrow  von  Graefe  cataract- 
knife,  iris-forceps,  scissors,  and  spatula.  An  iridectomy  for  glaucoma 
usually  requires  general  anesthesia  for  its  successful  execution.  Whenever 
possible  the  excision  is  bo  be  made  upward  so  that  the  upper  lid  may  cover 
the  coloboma.  A more  important  rule  is  to  excise  that  part  of  the  iris 
which  is  lePc+  adherent  to  the  cornea:  i.e the  incision  is  made  opposite 
the  deepest  part  of  the  anterior  chamber. 

Tli A ordinary  precautions  for  surgical  cleanliness  having  been  observed,  the 
operator  introduces  the  speculum,  fixes  the  globe,  and  passes  the  keratome  at  a point 
one  millimetre  behind  the  limbus.  The  instrument  is  steadily  pushed  into  the 
anterior  chamber,  making  a wound  five  or  six  millimetres  in  extent.  As  the  kera- 
toi  \e  is  passing  into  the  eye  the  handle  must  be  depressed  sufficiently  to  prevent 
injury  to  the  iris  and  lens.  This  often  is  a difficult  procedure,  owing  to  the  shallow- 
ness of  the  anterior  chamber.  In  such  cases — i.e.}  where  the  anterior  chamber  is  very 
shallow — a scleral  puncture  should  first  be  made  with  a von  Graefe  knife  at  a point 
five  to  seven  millimetres  behind  the  cornea.  This  procedure  is  followed  by  a sinking 
of  the  lens  and  a consequent  deepening  of  the  anterior  chamber.  The  keratome  must 
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be  withdrawn  slowly  in  order  that  the  reduction  of  intra-ocular  pressure  may  not 
occur  too  rapidly  and  cause  hemorrhage  from  the  retinal  vessels.  The  iris  is  drawn 
out  of  the  eye  and  cut  at  one  extremity  of  the  scleral  incision.  Another  cut  is  t en 
made  at  the  opposite  end  of  the  wound,  and,  last,  the  piece  of  iris  to  be  removed  is 
to  be  cut  off  as  close  to  the  base  as  possible.  The  angles  of  the  ms-coloboma  are  to 
be  freed  by  the  spatula.  It  is  of  the  greatest  importance  that  the  ins  shall  not 
become  entangled  in  the  wound.  An  ordinary  gauze  dressing  and  bandage  are  ap- 
plied to  both  eyes.  The  dressing  is  changed  the  next  day,  at  which  time  1 drop 
1-per-cent,  strength  solution  of  atropin  is  used  for  the  purpose  of  preventing  ad- 
hesion of  the  iris  to  the  lens-capsule  (Noyes).  This  is  the  only  place  and  tune  in 
a case  of  glaucoma  in  which  atropin  should  be  used.  The  after-treatment  of  the  case 
is  usually  uneventful.  In  desperate  cases  of  inflammatory  glaucoma  the  autlio 
uses  adrenalin  chlorid  solution  ( 1 : 2,000)  once  a day  for  ten  days  after  mdectomy. 


Iridectomy  in  the  Aphakic  Eye.— Here  a blunt  hook  is  used  to  draw 
the  iris  out  into  the  wound,  forceps  frequently  failing  to  grasp  it.  Com- 
monly a bead  of  vitreous  will  be  lost,  since  in  most  cases  of  glaucoma  which 
appear  in  the  aphakic  eye  there  is  vitreous  humor  in  the  anterior  chamber. 
The  iris,  drawn  out  by  the  hook,  is  held  with  forceps  and  excised. 

Fig.  347.— Appearance  of  pupil  after  iridectomy  for  glaucoma. 

A,  The  lips  ot  the  iris  are  straight.  B,  The  one  lip  of  the  ins  is 
incarcerated  in  the  wound. 


Accidents. — Any  one  of  several  accidents  may  occur  during  an  iri- 
dectomy for  glaucoma:  (1)  the  surgeon  may  pass  the  keratome  too  far 
forward,  thus  failing  to  open  the  canal  of  Sclilemm,  or  (21  too  tar  backward, 
in iuring  the  ciliary  body  or  lens;  (3)  failure  to  tilt  he  keratome  for- 
ward after  penetrating  the  cornea  may  cause  the  point  of  the  instrumen 
to  injure  the  iris  or  lens-capsule;  (4)  sudden  withdrawal  of  the  instru- 
ment, by  rapidly  lowering  intra-ocular  pressure,  may  cause  rupture  of  a 
retinal  vessel;  (5)  prolapse  of  vitreous  may  occur;  (6)  the  angles  of  the 
iris-coloboma  may  be  entangled  in  the  wound;  or  (7)  ill-directed  traction, 
the  use  of  an  imperfect  instrument,  or  too  great  force  used  in  withdrawing 
the  iris  may  cause  iridodialysis  and  hemorrhage  into  the  anterior  chamber. 
A miotic  should  not  be  used  immediately  preceding  an  iridectomy,  since, 
in  drawing  the  iris  out  of  the  wound,  iridodialysis  may  be  caused. 

Combined  Iridectomy  ara  Sclerectomy  (Lagrange’s  Operation).  For 
the  purpose  of  forming  a filtration  cicatrix,  Lagrange  devised  an  operation 
which  has  attained  popularity.  The  presence  of  a filtration  cicatrix  per- 
mitting fluid  to  pas*  from  the  eyeball  into  the  periehorioidal  space  and  sub- 
conjunctival tissue,  is  much  to  be  desired.  Lagrange’s  operation  consists 
of  the  following  steps: — 
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1.  Eserin  having  been  instilled  one-half  hour  previously,  the  sclera 
is  punctured  with  a von  Graefe  knife  one  millimetre  from  the  limbus  and 
a counterpuncture  is  made.  The  sclera  is  divided  in  the  iridocorneal  angle. 
In  finishing  the  incision  the  knife  is  turned  backward  in  such  a way  as 
to  bevel  the  sclera,  and  a large  conjunctival  flap  is  made. 

2.  The  conjunctival  flap  is  turned  forward  and  a piece  of  the  an- 
terior lip  of  the  sclera  is  removed  by  means  of  sharp,  curved  scissors. 

3.  Iridectomy  is  now  performed  in  the  usual  way. 

4.  The  conjunctival  flap  is  used  to  cover  the  wound. 


Fig.  34S. — Lp granges  operation.  (First  and  second  steps.) 
o,  I **ofile  of  scleral  incision,  b,  Excised  sclera. 


Lagrange’s  operation  may  be  done  under  general  or  local  (cocain- 
adrenalin)  anesthesia.  The  procedure  is  not  advised  in  acute  glaucoma. 
The  results  in  chronic  glaucoma  are  said  to  be  remarkably  good.  In  cases 
with  slight  ’ucrease  of  tension  (+1,  or  less),  Lagrange  practices  sclerec- 
tomy  : if  ihe  tension  ranges  from  -f-  1 to  -f-  3,  he  advises  the  combined 
operation — sclerectomy  with  iridectomy.  In  the  after-treatment  eserin  is 
cont  nued  until  the  anterior  chamber  has  been  re-formed. 

bympatheticectomy. — This  is  a major  operation,  demanding  general 
anesthesia,  scrupulous  cleanliness,  and  an  accurate  knowledge  of  anatomy. 

The  skin  from  the  clavicle  to  the  ear,  and  from  the  median  line  in  front 
to  the  spine  posteriorly,  should  be  shaved,  scrubbed,  and  a bichlorid  pack 
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should  be  applied  several  hours  before  the  operation.  The  hair  behind  the 
ear  should  be  removed  from  a surface  half  the  size  of  the  palm. 

The  steps  in  the  procedure  are:  (1)  the  incision  and  separation  of  tis- 
sues down  to  the  vertebral  column,  (2)  identification  of  the  sympathetic 
nerve,  (3)  excision  of  the  superior  ganglion,  and  (4)  closure  of  the  wound 
and  after-treatment. 

1 The  Incision  should  be  four  or  five  inches  in  length  and  should  he  made 
always  behind  and  parallel  with  the  posterior  border  of  the  sternoclei  do-mastoid 
muscle.  It  should  begin  at  a point  over  the  occipital  bone  corresponding  to  the  origin 


Fig.  349. — Lagrange’s  operation.  (Third  "'nd  fourth  steps.) 

a,  Conjunctival  flap,  d,  Site  of  the  excised  ^cle.’a  and  location  of  the 
subsequent  filtratio  i cic.  trix. 

of  the  muscle.  The  incision  generally  involves  the  external  jugular  vein,  which  is 
tied  in  two  places  before  being  cut. 

After  incising  the  skin  and  superficial  fascia  the  deep  fascia  is  reached  and 
the  spinal  accessory  nerve  is  cut,  permitting  the  operator  to  separate  the  sterno- 
cleido-mastoid  muscle  completely  from  the  adjacent  tissues.  The  deep  dissection  is 
done  with  the  fingers  or  with  a blunt  instrument,  never  with  a sharp  one.  The 
upper  part  of  the  wound  '♦a^  be  enlarged  by  cutting  with  scissors  until  the  skull  is 
reached.  It  is  important  n do  this  if  the  surgeon  expects  to  remove  the  greater  part 
of  the  superior  ganglion.  The  separation  of  tissues  down  to  the  vertobral  column 
can  be  done  rapidly  with  the  fingers,  provided  the  operator  follows  the  intermuscular 
fascia.  The  carotid  sheath  is  pulled  forward  with  the  sterno-mastoid  muscle  by  a 
retractor  ;*nu  the  trapezius  muscle  is  held  backward  in  the  same  way,  thus  permit- 
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ting  an  inspection  of  the  deep  wound.  The  landmarks  to  be  followed  are  the 
transverse  processes  of  the  vertebrae. 

2.  The  Identification  of  the  Sympathetic  Nerve  is  sometimes  easy,  at 
other  times  exceedingly  difficult.  The  variations  in  the  size  and  situation  of  the 
cervical  portion  of  the  sympathetic  nerve  cannot  be  appreciated  by  reading  text-books 
on  anatomy,  but  must  be  observed  on  the  living  subject.  It  is  generally  stated  that 
the  sympathetic  nerve  is  inclosed  in  a sheath  separate  from  and  behind  the  carotid 
sheath.  Tins  often  is  not  true.  Several  times  the  author  has  seen  the  sympathetic 


Fig.  350.  Operation  for  excision  of  the  superior  cervical  ganglion 
oi  the  sympathetic  nerve.  (Author.) 

At  the  urpe.  part  of  the  wound  is  the  superior  cervical  ganglion;  at  the  lower 
extremity  is  the  middle  ganglion.  Deep  in  the  wound  are  the  internal  jugular  vein 
carotic  ater,  and  pneumogastric  nerve. 


lying  a'ongside  the  pneumogastric  nerve,  inclosed  in  the  same  fascia  with  the  internal 
jugular  v,  in  and  the  carotid  artery.  On  this  account,  and  for  the  additional  reason 
tha+  .he  pneumogastric  and  sympathetic  nerves  often  are  of  the  same  size,  it  is  wise 
X)  opei  the  carotid  sheath  extensively  and  follow  the  nerves  downward  to  the  point 
u ere  the  middle  cervical  ganglion  is  located.  This,  of  course,  will  settle  the  ques- 
tion of  identification,  since  the  pneumogastric  nerve  has  not  a middle  ganglion.  If 
the  middle  ganglion  of  the  sympathetic  nerve  should  be  absent,  the  operator  should 
follow  each  nerve  upward  to  the  farthest  possible  extent.  The  spindle-shaped 
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superior  ganglionic  expansion  of  the  sympathetic  serves  to  identify  the  nerve  to  be 
excised.  If  this  method  of  identification  should  fail,  the  surgeon  can  pick  up  each 
nerve  separately  and  irritate  it,  and  watch  the  effect  on  the  heart.  The  one  whose 
irritation  affects  the  heart  should  not  be  excised. 

The  surgeon  cannot  depend  upon  the  size  of  these  nerves,  since  the  two  have 
been  seen  lying  together  and  of  the  same  size  and  color.  The  pneumogastric  may  be 
so  much  atrophied  that  it  is  scarcely  larger  than  a pin’s  head,  and  the  sympathetic 
may  be  large  or  small. 

3.  Excision  of  the  Ganglion. — The  nerve  having  been  identified,  the  next 
step  is  to  excise  the  ganglion.  The  operator  first  separates  the  ganglion  to  the 
base  of  the  skull;  the  numerous  branches  given  off  from  the  ganglion  are  cut;  the 
ganglion  is  held  taut  with  forceps  by  an  assistant,  while  the  operator  places  the 
left  index  finger  under  it  and  cuts  the  ganglion  as  high  as  possible,  using  strong 
curved  strabismus  scissors.  The  excision  is  completed  by  severing  the  nerve-strand 
an  inch  below  the  ganglion. 

4.  The  Closure  of  the  Wound  is  done  with  superficial  sutures.  It  is  not 
necessary  to  use  deep  sutures.  The  after-treatment  in  the  author  s cases  has  been 
uneventful.  The  author’s  first  patient  was  put  up  in  a plaster  dressing,  which  was 
uncomfortable  and  unnecessary. 

When  properly  done  there  is  only  trifling  hemorrhage  from  this  operation. 
The  patient  leaves  the  hospital  on  the  sixth  or  seventh  day.  An  unpleasant  sequel 
is  severe  pain  located  in  the  neck  and  shoulder. 

Effects  of  Excision  of  the  Superior  Cervical  Ganglion. — The  effects-  of 
Temoval  of  this  ganglion  are  immediate  and  remote.  The  immediate  effects  are 
relief  of  ocular  pain,  the  production  of  lacrimation  and  conjunctival  injection, 
together  with  a discharge  from  the  corresponding  nostril,  unilateral  sweating,  and 
contraction  of  the  pupil.  Often  there  is  an  immediate  reduction  in  intra-ocular 
tension.  The  pupillary  and  conjunctival  changes  are  noted  within  five  minutes  after 
the  excision. 

The  remote  effects  are  ptosis,  which  appears  on  the  third  or  fourth  ..ay, 
improvement  of  vision,  and  in  some  instances  a tardy  contraction  of  the  p 1 pil  and  a 
tardy  reduction  of  intra-ocular  tension.  To  these  there  must  also  be  * ided  a slight 
sinking  of  the  eyeball  into  the  orbit  (enoplithalmos) , and  a feeling  oi  heaviness  in 
the  head. 

Immediate  reduction  of  intra-ocular  tension  does  not  al  vaj  3 occur.  In  the 
author’s  second  case  at  the  end  of  eight  days  the  tension  was  -f  9.  On  the  sixteenth 
day  it  was  normal.  In  the  first  case  reduction  of  the  teiiS’ou  v^as  immediate.  The 
relief  from  pain  in  the  first  case  was  immediate  and  listing.  This  patient  had  not 
been  free  from  pain  for  two  months  previously  The  slight  ptosis  following 
sympatheticectomy  is  to  be  attributed  to  paralysis  of  Waller’s  muscle.  Sinking  of  the 
eyeball  is  no  doubt  due  to  paralysis  of  the  unstriped  peribulbar  muscular  fibres  which 
are  found  in  Tenon’s  capsule. 

Contraction  of  the  pupil  is  usually  a/  immediate  result;  it  may,  however,  ap- 
pear tardily.  Thus,  in  the  author’s  first  case  the  pupil  was  unchanged  until  the 
fourth  day  after  the  operation;  and  t did  not  become  at  any  time  as  markedly  con- 
tracted as  in  the  other  patients  In  the  third  case — that  of  optic-nerve  atrophy—- 
the  pupil  was  markedly  contracted  within  five  minutes  after  the  excision. 

Lacrimation,  conjunctiv  \1  injection,  and  nasal  moisture  are  transient  symptoms. 

The  immediate  improvement  in  vision  following  excision  of  the  superior  cervical 
ganglion  is  remarkable;  Mr,  unfortunately  in  many  cases  it  is  not  lasting.  It  must 
be  stated,  however,  that  the  cases  in  which  sympatheticectomy  has  been  performed 
have  been  usually  desperate  ones— cases  in  which  no  good  result  would  be  expected 
from  iridectomy . Tt  is  highly  probable  that  this  operation  will  give  more  satisfactory 
results  if  per foi  r^ed  earlier  in  the  history  of  the  case. 
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Large  Paracentesis  of  the  Sclera  with  Cyclicotomy  (Sclerocyclotomy ; 
Hancock’s  Operation). — This  operation  was  performed  by  Hancock  (1860) 
on  the  supposition  that  glaucoma  is  caused  by  spasm  of  the  ciliary  muscle 
causing  a stasis  in  the  intra-ocular  circulation.  The  procedure  is  as  follows : 
The  eye  having  been  anesthetized  by  cocain,  the  lids  are  held  apart  by  the 
thumb  and  fingers,  which  are  also  used  to  steady  the  eye.  The  surgeon 
passes  a Beer  cataract-knife,  with  its  cutting  edge  downward,  into  the  sclera 
at  the  lower  margin  of  the  cornea,  the  incision  being  made  between  the 
external  and  inferior  rectus  muscles.  The  instrument  is  quickly  passed 
downward  and  backward  into  the  vitreous  until  one-third  to  one-half  of  the 
blade  is  hidden.  In  withdrawing  the  instrument  it  is  slightly  turned  so  that 
the  wound  gapes,  permitting  the  aqueous  humor  and  a small  amount  of 
the  vitreous  to  escape.  Poliak,  who  practiced  this  procedure  for  forty 
years,  says:  “A  few  seconds  only  are  required  for  this  operation.  No  dress- 
ing or  any  after-treatment  is  needed.  The  relief  from  increased  tension  and 
pain  is  instantaneous.  The  lens  recedes  to  its  normal  position,  the  pressure 
upon  the  ciliary  processes  is  removed,  the  iris  being  freed  from  pres<  ure  roon 


resumes  its  normal  place,  the  spaces  of  Fqntana  are  gradually  opened,  and 
so  also  is  the  canal  of  Schlemm.”  Those  who  have  performed  this  operation 
are  so  well  pleased  with  the  results  that  they  believe  it  should  be  more  gen- 
erally employed.  It  will  be  advisable,  however,  to  bandage  the  eye  for 
two  or  three  days  after  the  operation. 

The  author  has  tried  Hancock's  operation  in  two  cases.  The  first 
patient  had  had  a broad  r idectomy  made  several  years  before  for  glaucoma. 
The  eye  took  on  an  attack  of  acute  inflammatory  glaucoma;  tension  was 
much  increased,  and  vision  was  reduced  to  perception  of  light.  There 
was  intense  pain.  Within  ten  minutes  after  performing  Hancock’s  opera- 
tion the  eye  w«,:  free  from  pain  and  within  a week  there  was  restoration 
of  vision  to  °/  30.  The  other  patient  was  an  old  and  feeble  woman,  with 
absolute  glaucoma,  to  whom  the  administration  of  a general  anesthetic 
would  Lave  been  dangerous.  Hancock's  operation  was  followed  by  im- 
mediate relief  of  pain  and  reduction  of  tension.  Six  months  later  the  eye 
wa„  quiet  and  the  tension  was  normal ; at  a later  date  this  eye  was  enucleated 
the  relief  of  pain. 

Sclerotomy. — Sclerotomy  was  introduced  by  Quaglino  for  the  reason 
that  leading  ophthalmologists  believed  that  the  beneficial  effects  of  iridec- 
tomy in  glaucoma  were  due,  not  to  excision  of  the  iris,  but  to  the  cutting 
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of  the  sclera.  Sclerotomy  may  be  anterior  or  posterior  to  the  attachment 
of  the  iris.  Some  few  surgeons  prefer  anterior  sclerotomy  to  all  other 
operations  for  glaucoma;  others  employ  it  only  in  case  of  failure  of  iridec- 
tomy to  reduce  intra-ocular  tension ; and  others  again  reserve  it  for  hemor- 
rhagic glaucoma  or  for  the  glaucoma  following  cataract  extraction.  In 
those  rare  cases  in  which  glaucoma  occurs  in  eyes  with  a high  degree  of 
myopia,  sclerotomy  is  to  be  preferred  to  iridectomy  because  of  the  danger 
of  intra-ocular  hemorrhage.  In  general  it  may  be  said  that  sclerotomy 
has  gone  out  of  vogue  in  the  last  ten  years,  and  few  surgeons  now  depend 
on  it.  Before  a sclerotomy  is  made  a miotic  is  used,  and  likewise  it  is 
employed  for  several  days  after  the  operation. 

Anterior  Sclerotomy. — The  instruments  required  are  a speculum, 
fixation-forceps,  a von  Graefe  knife  or  a keratome,  and  a spatula.  Iris- 
forceps  and  scissors,  or  de  Wecker^s  pince-dseoMX,  should  be  at  hand  as 
reserve  instruments.  There  are  several  methods  of  performing  this  opera- 
tion. Before  attempting  any  one  of  them  a miotic  should  be  used. 

1.  Quaglino’s  Method. — A keratome  is  inserted  two  millimetres  behind 
the  corneoscleral  junction,  passing  as  close  to  the  iris  as  possible,  making 


Fig.  352. — Anterior  sclerotomy.  (Meller.  ) 

a wound  three  to  five  millimetres  in  extent.  The  instrument  is  withdrawn 
slowly  so  as  to  avoid  prolapse  of  the  iris.  Snellen  employs  this  procedure. 
This  operation  has  not  met  with  the  favor  which  has  been  accorded  to 

2.  De  Wecker’s  Method. — A narrow  von  Graefe  knife,  or  <.  specially 
made  instrument  called  a sclerotome,  is  passed  transversely  across  the  eye  at 
a point  one  millimetre  behind  the  corneoscleral  junctio  n The  puncture 
and  counterpuncture  are  enlarged  by  sawing  movemen  The  knife  is 
slowly  removed  before  the  section  is  complete,  thus  leaving  a bridge  of 
sclera  between  two  wounds. 

Comparative  Value  of  These  Methods.-  -Sclerotomy  with  the  von  Graefe 
knife  is  the  more  difficult  of  proper  execUt’o*;.  It  is  less  easy  to  control 
the  proper  anatomic  position  of  the  wound;  prolapse  of  iris  is  more  likely 
to  occur,  particularly  near  the  point  S -ounterpuncture ; and  more  definite 
scarring  of  the  eye  results  with  the  possibility  of  unpleasant  sequelae. 
Sclerotomy  with  a keratome  "an  gi^e  a satisfactory  result  without  any  trace 
of  the  operation  remaining. 

Accidents. — The  iris  ma;  be  punctured  by  the  knife  or  keratome.  If  the  lens 
is  uninjured  the  accident,  is  of  no  importance.  If,  after  the  incision  has  been 
made  the  pupil  is  d.  awn  Loward  the  wound,  it  indicates  that  the  peripheral  part  of 
the  iris  has  hecomt  it  carcerated  in  the  lips  of  the  wound.  The  iris  should  he 
released  with  a metal  spatula.  If  this  cannot  be  accomplished,  it  will  he  advisable 
to  make  an  iride  ctomy.  If  prolapse  of  iris  occurs  during  the  operation  an  immediate 
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iridectomy  will  be  in  order.  The  healing  process  not  infrequently  is  not  smooth, 
the  formation  of  an  elevated  and  nodular  scar  being  not  uncommon.  These  scars  lead 
to  fistulae,  and  may  be  the  cause  of  prolonged  irritation  which  yields  only  to  an 
iridectomy.  Some  authors  regard  a bulging  scar  as  a safeguard,  the  aqueous  humor 
filtering  through  it  and  passing  under  the  conjunctiva,  thus  reducing  the  intra-ocular 
tension.  Such  a condition  must  be  regarded  as  dangerous. 

Posterior  Sclerotomy,  incision  of  the  sclera  behind  the  attachment 
of  the  iris,  is  employed  for  the  following  conditions:  (1)  removal  of  foreign 
bodies  in  the  vitreous  chamber;  (2)  the  removal  of  intra-ocular  parasites 
(cysticercus)  ; (3)  in  detachment  of  the  retina;  (4)  in  glaucoma  either 
as  a primary  operation  or  in  cases  in  which  iridectomy  has  failed;  (5) 


Fig.  353. — Posterior  sciwotomy.  (After  Czermak.) 

as  a step  preliminary  to  iridectomy  in  cases  where  the  anterior  chamber 
is  much  shallowed;  (6)  in  traumatic  hemophthalmos  without  rupture  of 
the  cornea  or  sclera. 

The  operation  may  be  simply  a puncture  for  the  relief  of  increased 
tension,  for  the  c ure  of  detachment  of  the  retina,  or  to  hasten  the  absorption 
of  blood  in  traumatic  hemophthalmos;  or  it  may  be  an  incision  of  con- 
siderable size,  as  in  the  operation  of  removal  of  a foreign  body  or  parasite 
in  the  vitreous  chamber;  or  it  may  be  an  incision  for  the  purpose  of  dividing 
the  nbary  muscle,  as  in  Hancock’s  operation  for  glaucoma.  A simple  punc- 
ture or  an  incision  is  made  with  the  von  Graefe  cataract-knife,  while  Han- 
cC'-k’s  operation  (sclerocyclotom}^,  cvclicotomy)  is  usually  made  with  the 
Knife  of  Beer.  Accessory  instruments  are  a speculum  and  fixation-forceps. 
1 recautions  having  been  taken  to  insure  asepsis,  under  holocain  anesthesia 
the  knife  is  passed  through  the  sclera.  Its  direction  will  depend  on  the  pur- 
pose of  the  operation,  but  usually  it  will  be  meridional.  Some  operators 
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give  the  wound  a curved,  an  L-,  or  a T -shape.  Generally  the  incision  is 
placed  in  the  lower  external  quadrant,  between  the  attachments  of  the  in- 
ferior and  external  recti  muscles,  and  is  five  or  six  millimetres  long  and  one 
centimetre  deep.  In  puncture  for  detached  retina  the  knife  must  often  be 
carried  to  a greater  depth.  The  eye  is  to  be  bandaged  for  a few  days  and 
healing  is  usually  without  incident. 

Cyclodialysis. — Heine,  in  1905,  devised  this  operation,  which  aims  to 
establish  a communication  between  the  anterior  chamber  and  the  supra- 
chorioidal  space.  Under  local  anesthesia  an  incision  is  made  (with  scissors) 
through  the  conjunctiva  at  a point  five  or  six  millimetres  from  the  cornea. 
The  conjunctival  wound  is  stretched  and  the  sclera  exposed.  An  incision  two 
millimetres  long  and  concentric  with  the  cornea  is  carefully  made  through 
the  sclera,  exposing  the  cliorioid.  A spatula  is  then  passed  into  the  scleral 
wound  and  is  used  to  detach  the  sclera  from  the  chorioid;  the  tip  of  the 
instrument  is  passed  into  the  anterior  chamber.  The  ciliary  muscle  is 
detached  from  the  sclera  as  far  as  the  limits  of  the  scleral  wound  will 
permit.  The  spatula  is  withdrawn,  the  conjunctiva  is  sutured,  and  the  eye 
is  bandaged.  Among  the  accidents  attending  this  operation  are : injury  to 
the  chorioid,  with  prolapse  of  vitreous  humor;  detachment  of  Descemet’s 
membrane;  splitting  of  the  corneal  lamellae,  and  hemorrhage  from  the 
anterior  ciliary  veins. 

Trephining  of  the  Sclera,  which  was  done  by  Argyll  Robertson  in  1876, 
in  cases  of  glaucoma  unrelieved  by  iridectomy,  has  been  revived  of  late  by 
Fergus,  of  Glasgow,  and  Elliot,  of  Madras.  These  surgeons  practice  it  a^ 
a routine  procedure. 

Elliot’s  Operation. — Under  local  anesthesia,  after  a conjunctival  flap  '^as  been 
made  and  the  sclera  has  been  freed  of  subconjunctival  tissue,  a Bowman  trephine — 2 
to  2.5  millimetres  in  diameter — is  used  to  cut  a button  from  the  corn-osdtral  junc- 
tion. Opening  of  the  anterior  chamber  is  marked  by  the  escape  of  aqueous  humor,  or 
by  a plugging  of  the  wound  with  the  iris.  In  the  latter  case  tie  iris  is  cut  with 
scissors,  and  the  aqueous  then  escapes.  If  the  iris  still  protruces,  a small  peripheral 
iridectomy  is  made.  The  conjunctival  flap  is  replaced  and  rarely  U sutured.  Eserin 
is  used  after  the  operation  only  when  the  iris  tends  tc  prolapse.  If  the  pupil  is 
narrow  and  inactive,  atropin  is  used  on  the  third  day  to  prevent  posterior  synechise. 
Elliot’s  results,  based  on  403  operations,  are  remarkably  good.  It  is  possible  that 
scleral  trephining  may  supplant  iridectomy. 

Fergus  follows  the  trephining  with  a m clodialysis.  Herbert  leaves  the 
corneoscleral  button  in  situ.  Elliots  cperation  seems  to  possess  distinct 
advantages  over  other  methods  cf  trephining. 
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CHAPTER  XVIII. 

SYMPATHETIC  EYE  DISEASES— INDICATIONS  FOR 
ENUCLEATION. 

By  the  term  sympathetic  eye  diseases  we  understand  those  pathologic 
conditions  which  are  produced  in  the  second  eye  by  the  internal  transmission 
of  an  affection  previously  existing  in  the  first  eye.  The  eye  which  becomes 
diseased  by  reason  of  a disease  of  or  an  injury  to  its  fellow  is  called  the 
sympathizer , while  the  other  is  known  as  the  exciter.  For  many  years 
sympathetic  eye  diseases  have  been  divided  into  sympathetic  irritation  and 
sympathetic  inflammation.  Regardless  of  the  attempts  to  efface  the  differ- 
ence between  these  conditions  and  affirm  the  existence  of  a transition  state, 
we  must  adhere  to  the  essential  clinical  differences  of  both  affections. 

Sympathetic  Irritation  is  an  abnormally  strong  irritability,  often 
united  with  diminished  functional  power,  which  appears  in  all  vhe  centrif- 
ugal and  centripetal  ocular  nerves,  depending  on  irritation  of  the  cen- 
tripetal nerves  in  the  eye  primarily  diseased.  The  sympafl  etlc  disease  ends 
with  the  disappearance  of  this  irritation. 

Sympathetic  Inflammation,  or  sympathetic  ophthalmia,  the  ophthalmia 
migratoria  of  Deutschmann,  is  a progressive  ocmai  disease  attended  with 
hypefemia  and  exudation,  produced  by  a disease  pi'wiously  existing  in  the 
other  eye,  and  not  materially  influenced  in  its  course  by  the  cure  or  removal 
of  the  exciting  eye. 

In  sympathetic  diseases  it  is  probable  that  the  entire  nervous  apparatus 
of  the  exciter  is  concerned  in  the  transmission  of  disease  to  the  sympathizer. 
The  condition  producing  sympathetic  diseases  is  uveitis  (iridocyclitis,  irido- 
chorioiditis),  which  is  generally  caused  by  one  or  other  of  the  following 
conditions:  (1)  wound  of  the  ciliary  region;  (2)  lodgment  of  a foreign 
body  in  the  eye;  (3)  pc rfo rating  wound  or  ulcer  with  incarceration  of  the 
iris  in  the  corneal  cicatrix;  (4)  operations  upon  the  eyeball — a rare  cause 
of  sympathetic  ophthalmitis;  (5)  dislocation,  wounds,  or  calcification  of  the 
lens;  (6)  intra- ocular  tumors  when  causing  iridocyclitis;  (7)  intra-ocular 
cysticercus  (the  cause  in  a few  cases)  ; (8)  ossification  of  the  chorioid  and 
ciliary  body,  (9)  various  rare  causes,  such  as  tattooing  of  the  cornea, 
herpes  zoster  ophthalmicus,  symblepharon,  and  the  wearing  of  an  artificial 
eye,  (10)  incarceration  of  the  stump  of  the  optic  nerve  in  the  cicatrix 
following  enucleation;  (11)  blows  on  the  eye  without  external  wound 
Mackenzie,  Knapp,  Schirmer,  and  Bronner)  ; (12)  blows,  with  subcon- 
junctival rupture  of  the  sclera;  (13)  in  one  case  a burn  by  lime  was  fol- 
lowed by  sympathetic  ophthalmitis  (Noyes). 

In  case  the  exciting  eye  has  not  been  removed,  its  condition  is  gen- 
erally that  of  beginning  or  complete  phthisis  bulbi.  In  the  study  of  sym- 
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pathetic  eye  diseases  an  important  question  is  this:  Are  sympathetic  irri- 
tation and  sympathetic  inflammation  different  stages  or  degrees  of  the  same 
process,  or  are  they  two  entirely  different  processes  ? Although  many 
authors  believe  that  irritation  is  an  early  stage  of  sympathetic  inflammation, 
there  are  so  many  well-authenticated  cases  where  sympathetic  inflammation 
suddenly  appeared  without  signs  of  irritation  that  we  must  hold  strictly 
to  the  non-identity  of  these  affections.  Hence  the  great  importance  of 
enucleating  the  injured  eye  without  waiting  for  the  advent  of  sympathetic 
irritation  in  its  fellow. 

SYMPATHETIC  IRRITATION. 

Sympathetic  irritation  (sympathetic  neurosis)  is  a functional  disease 
presenting  a great  variety  of  symptoms  referable  to  the  ocular  nerves  and 
manifested  by  increased  excitability  and  diminished  functional  power. 
Whether  the  affection  is  more  frequent  in  neurasthenics  than  in  persons  with 
normal  nervous  systems  is  a mooted  point.  The  frequency  of  sympathetic 
irritation  cannot  be  determined  accurately,  since  its  manifestations  are  often 
overlooked  by  both  surgeon  and  patient  in  their  anxiety  for  the  injured 
member.  Pain  in  and  around  the  eye,  radiating  through  the  ciliary  branches 
of  the  trigeminus,  is  a common  symptom,  the  periorbital  and  frontal 
branches  being  often  involved:  It  is  rarely  the  case  that  the  pain  involves 
the  whole  trigeminal  distribution.  In  some  cases  there  is  a feeling  that  the 
head  is  incased  in  an  unyielding  band.  In  other  cases  the  pain  is  described 
as  sticking  or  boring.  These  ciliary  neuralgias  must  not  be  confounded 
with  pain  radiating  from  the  injured  eye.  The  pain  of  sympathetic  m no- 
tion, like  the  other  symptoms,  promptly  subsides  on  removal  of  the  exciting 
eye.  Other  prominent  symptoms  are  photophobia,  blepharospacn^  dimin- 
ished accommodative  power,  contraction  of  the  visual  field,  mu photop- 
sia,  diminished  visual  acuity,  pericorneal  injection,  hyperenra  cf  the  fundus, 
and  tenderness  over  the  ciliary  region.  Spasm  of  the  311 ’ary  muscle  and 
spastic  miosis  are  rare  symptoms.  The  eye  tires  easily  and  waters  when 
used  for  near  work  or  on  exposure  to  light.  While  a flight  redness  or  haze 
of  the  optic  papilla  may  be  present,  careful  examination  fails  to  show  any 
signs  of  intra-ocular  inflammation. 

Etiology. — Sympathetic  irritation  can  be  produced  by  various  causes, 
such  as  insignificant  injuries;  loss  of  coincal  epithelium;  the  lodgment  of 
foreign  bodies  in  the  cornea  or  un^e/  +ne  upper  lid;  staphyloma  of  the 
cornea  and  sclera ; iridocyclitis ; luxation  of  the  lens,  especially  if  it  is  cal- 
cified; rapid  swelling  of  the  lexs  after  discission  or  trauma;  or  the  lodgment 
of  foreign  bodies  within  the  eyeball.  In  all  these  cases  a slight  degree  of 
sympathetic  irritation  may  te  readily  overlooked.  Patients  with  sympa- 
thetic irritation  often  pi^jnt  a shrunken  globe,  which  may  be  due  to  ex- 
ternal causes  (traunatc ),  to  a perforating  ulcer,  or  to  a spontaneous  ocular 
inflammation.  The  interval  between  the  involvement  of  the  first  eye  and 
the  advent  of  sympathetic  irritation  in  its  fellow  varies  from  a few  seconds 
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to  a period  measured  by  the  life  of  the  individual.  In  the  former  case  a 
foreign  body  lodging  in  the  cornea  is  followed  immediately  by  sympathetic 
irritation,  while  in  the  latter  instance  a period  of  quiescence  lasting  thirty 
or  forty  or  more  years  is  ended  by  the  occurrence  of  pain,  photophobia,  and 
pericorneal  injection  in  the  good  eye.  In  such  cases  anatomic  examination 
of  the  enucleated  globe  will  often  show  ossific  deposits  in  the  shape  of  a shell, 
corresponding  to  the  chorioid  coat,  or  the  presence  of  minute  spiculae  of 
irregular  form.  Not  rarely  do  we  find  sympathetic  irritation  after  enuclea- 
tion of  the  injured  eye,  or  following  the  placing  of  a glass  or  metallic  globe 
in  Tenon’s  capsule,  or  in  the  sclera  according  to  Mules’s  operation.  Sympa- 
thetic irritation  may  even  occur  after  enucleation,  where  the  stump  of  the 
optic  nerve  is  involved  in  adhesions  and  the  conjunctiva  is  not  markedly 
retracted.  It  also  occurs  as  the  result  of  wearing  an  improperly  fitting  arti- 
ficial eye.  In  all  these  cases  the  cause  of  sympathetic  irritation  rests  in 
irritability  of  the  ciliary  nerves. 

Diagnosis. — The  diagnosis  must  concern  (1)  the  existence  of  a sympa- 
thetic disease  and  (2)  the  differentiation  between  sympathetic  irr'taLi  m and 
sympathetic  ophthalmitis.  As  regards  the  first  contention,  whiie  sympa- 
thetic disease  has  no  pathognomonic  symptoms,  disturbance  o.  vision,  the 
presence  of  pain  in  and  around  the  eye,  and  the  occuneuce  of  pericorneal 
injection,  photophobia,  and  blepharospasm  or. iridocyclitis  appearing  in  the 
second  eye  as  early  as  three  or  four  weeks,  or  within  four  months  after  an 
injury  to  its  fellow,  will  point  to  sympathetic  dikea>e.  Occurring  after  the 
fourth  month,  such  symptoms  leave  the  diagiObis  somewhat  uncertain. 
However,  in  case  of  doubt  it  will  be  best  to  consider  the  case  one  of  sympa- 
thetic disease  until  disproved.  Schirm  jj.  suites  that  the  diagnosis  of  sympa- 
thetic inflammation  cannot  be  made  with  absolute  certainty,  since  identical 
symptoms  may  be  due  to  other  cat  fjs  The  differentiation*  between  sympa- 
thetic irritation  and  sympathetic  ophthalmitis,  which  is  of  the  greatest 
importance  in  prognosis,  will  perhaps  be  simplified  by  attention  to  the  fol- 
lowing table : — 


Sympathetic  Iertt^tion. 

May  appear  in  a few  minutes  or  many 
years  after  injury. 

Pain,  phetepnubia,  photopsia,  blepharo- 
spa/ui,  lecrimation,  hyperemia  of  the 
conjunctiva,  obscuration  of  vision, 
weakness  of  accommodation,  and  ab- 
normal pupillary  action  are  present. 

Directive  signs  are  absent  except  in  some 
cases  the  optic-nerve  head  appears 
hazy. 


Sympathetic  Inflammation. 

Minimum  interval  known  is  two  wreeks; 
usually  appears  within  three  months 
after  injury,  but  may  be  delayed  for 
years. 

Sympathetic  inflammation  may  be  pre- 
ceded by  these  irritation  symptoms, 
but  often  they  are  absent. 

Objective  signs  are  those  of  definite  in- 
flammation: plastic  or  serous  iritis, 
keratitis  punctata,  and  pericorneal  in- 
jection. Papillitis  may  be  absent,  or 
present  as  a neuroretinitis  or  with 
retinal  hemorrhages  or  edema. 
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While  the  diagnosis  is  usually  not  difficult,  it  must  be  remembered  that 
cases  are  on  record  in  which  the  conditions  overlapped.  Impaired  vision  in 
the  sound  eye  after  an  injury  to  its  fellow  may  indicate  simply  sympathetic 
irritation ; but  the  fundus  should  be  examined  for  slight  neuritis,  which, 
if  present,  will  indicate  the  onset  of  sympathetic  inflammation.  Such  a 
case  occurring  in  the  author’s  practice  was  cured  by  removal  of  the  exciter 
and  a long  course  of  atropin  and  mercurials. 

Prognosis. — Almost  invariably  proper  treatment  is  followed  by  cessation 
of  all  irritation  symptoms  in  this  disease.  In  cases  wdiere  the  patient  will 
not  submit  to  operative  intervention  attacks  of  sympathetic  irritation  may 
recur  at  intervals  for  years  without  further  damage ; or,  on  the  other  hand, 
the  eye  may  develop  sympathetic  ophthalmitis  and  be  lost.  It  is  impossible 
to  foretell  with  certainty  what  kind  of  damaged  eye  will  cause  sympathetic 
disease  or  what  will  be  exempt,  Nor  can  the  surgeon  say  what  interval  will 
elapse  between  the  receipt  of  an  injury  and  the  development  of  sympathetic 
irritation.  It  is  because  of  this  uncertainty  that  all  cases  in  which  sympa- 
thetic irritation  or  inflammation  may  be  expected  to  develop  should  be 
referred  by  the  general  practitioner  to  a competent  ophthalmic  surgeon 
without  delay. 

Treatment. — In  sympathetic  irritation  the  first  indication  is  to  remove 
the  source  of  trouble ; and  this  presupposes  an  exact  diagnosis  of  the  condi- 
tion of  both  the  exciter  and  the  sympathizer.  Removal  of  foreign  bodies — 
whether  in  the  cornea,  conjunctiva,  or  elsewhere — -will  be  in  order.  A 
luxated  lens  comes  in  this  category.  Mooren  relieved  a sympathetic  irrita- 
tion of  two  years’  duration  by  removal  of  such  a lens.  If  the  cause  of 
irritation  is  a corneal  staphyloma,  it  must  be  removed.  If  the  ectasia  is 
partial,  or  if  posterior  svnechiae  are  present,  an  iridectomy  will  . uffice.  If 
sympathetic  irritation  develops  in  a patient  whose  other  eye  has?  Deen  re- 
moved, it  will  be  necessary  to  submit  the  stump  to  the  most  careful  scrutiny 
without  local  anesthesia.  If  exuberant  granulations,  swelling,  and  secre- 
tion are  present,  the  inflamed  patch  should  be  excised  ur  else  should  be 
touched  with  the  solid  stick  of  nitrate  of  silver.  If  the  glass  eye  used  by 
the  patient  is  defective,  it  must  be  removed  and  a suitable  one  provided  in 
its  stead.  If  the  conjunctiva  is  drawn  backward,  and  is  adherent  to  the 
stump  of  the  optic  nerve^  a further  resection  of  the  nerve  down  to  the 
optic  foramen  will  be  necessary. 

By  far  the  largest  and  most  imp  u*t  mt  group  of  cases  is  that  in  which 
a blind  or  phthisical  eye  has  caused  sympathetic  irritation.  Such  a globe 
will  be  tender  on  pressure,  and  should  be  removed  by  enucleation.  Such 
operations  as  section  of  the  ciliary  nerves,  opticociliary  neurotomy,  eviscera- 
tion, evisceration  combined  with  the  insertion  of  an  artificial  vitreous 
(Mules’s  operation),  and  implantation  of  a sphere  into  Tenon’s  capsule 
(Frost’s  operation)  st°m  to  the  author  to  be  inadequate  in  this  condition. 
As  regards  the  prevention  of  sympathetic  ophthalmitis,  there  is  no  doubt 
of  the  superlative  value  of  enucleation. 
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SYMPATHETIC  OPHTHALMITIS. 

This  disease  begins  insidiously,  either  with  or  without  signs  of  sympa- 
thetic irritation.  It  pursues  a persistent  and  destructive  course.  Once 
inaugurated,  it  rarely  is  checked  by  treatment.  It  is  one  of  the  most  for- 
midable and  obscure  of  ocular  affections.  While  no  age  is  exempt,  the 
disease  is  much  more  liable  to  occur  in  children  before  or  about  the  period 
of  puberty.  Any  one  of  the  conditions  mentioned  above  as  likely  to  cause 
•sympathetic  irritation  may  produce  sympathetic  ophthalmitis.  The  most 
frequent  cause  of  sympathetic  inflammation  is  perforating  wounds,  which 
do  not  heal  readily,  but  undergo  chronic  inflammation.  Only  uveal  inflam- 
mation caused  by  bacterial  infection  is  capable  of  producing  sympathetic  in- 
flammation (Schirmer).  Splinters  which  have  entered  the  eye  aseptically 
never  cause  sympathetic  inflammation  (Schirmer).  There  is  no  relation- 
ship between  the  severity  of  the  pathologic  process  in  the  exciter  and  the 
disease  in  the  sympathizer.  Often  a slight  cyclitis  in  one  eye  will  be  fol- 
lowed by  complete  disorganization  in  the  other.  Not  infrequently  vloes  it 
occur  that  the  exciter  possesses  useful  vision  both  during  and  after  the 
attack  of  sympathetic  ophthalmitis.  The  disease  common !y  «ppears  within 
two  or  three  months  after  the  injury  to  the  fellow-eye,  but  it  may  commence 
in  two  or  three  weeks.  On  the  other  hand,  of  211  caits  recorded  by  the 
•committee  of  the  Ophthalmological  Society  of  the  United  Kingdom,  12 
eyes  became  inflamed  as  late  as  twenty  years  after  injury,  and  in  3 cases  the 
interval  was  thirty-seven,  thirty-eight,  and  thiity-nine  years,  respectively. 
It  has  been  asserted  that  sympathetic  ophthalmitis  has  been  known  to  occur 
as  early  as  the  seventh  day,  and  in  Alt's  table  of  110  eyes  in  3 it  appeared 
within  eight  days,  but  Schirmer  states  Lhat  the  minimum  interval  in  cases 
carefully  observed  is  fourteen  days 

Fortunately  sympathetic  onh ' halmitis  is  a rare  disease.  Thus,  of  108- 
416  patients  seen  in  privat  * a id  clinical  practice  by  Mooren,  there  were 
146  cases  of  sympathetic  mflammation,  or  1 to  742  (0.134  per  cent.). 
O.  Becker,  among  clini-1  pitients,  found  0.15  per  cent,  of  sympathetic  oph- 
thalmitis. Accurate  stitistics  as  to  the  frequency  with  which  sympathetic 
ophthalmitis  foTows  perforating  wounds  are  wanting.  That  the  disease 
is  more  frequmr  in  men  than  in  women  is  to  be  expected,  since  men  are 
more  exposed  *:o  injury.  It  is  asserted  that  it  is  more  frequent  in  summer 
than  ;n  virter,  owing  to  the  greater  intensity  of  light  and  the  greater  viru- 
lence of  bacteria  in  the  warm  season. 

Symptoms. — The  clinical  features  of  sympathetic  ophthalmitis  are  by 
l o means  confined  to  this  disease,  since  similar  changes  follow  on  general  dis- 
ea’cs  and  even  occur  apparently  spontaneously  (Schirmer).  Hence  the 
diagnosis  can  be  made  only  by  taking  into  consideration  the  history  of  the 
case,  the  interval  between  the  injury  and  the  involvement  of  the  second  eye, 
and  the  result  of  treatment.  The  process  is  an  inflammation  of  the  uveal 
tract,  and  may  present  either  the  serous  or  the  plastic  form.  Where  the 
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pathologic  process  begins  is  as  yet  undetermined ; but,  clinically,  the  altera- 
tions are  found  first  in  the  iris.  Barely  does  the  disease  manifest  itself  by 
changes  in  the  optic  nerve. 

1.  Iritis  (Uveitis  Serosa). — The  mild  cases,  known  as  iritis,  or 
uveitis  serosa,  show  slight  pericorneal  injection,  and  slight  discoloration  of 
the  iris.  The  iris  is  adherent  to  the  lens-capsule,  the  pupil  is  small,  and  the 
vision  is  reduced.  These  symptoms  come  on  insidiously : i.e.,  without  pain. 
Dots  appeaj  on  the  posterior  surface  of  the  cornea.  The  anterior  chamber  is 
increased  in  depth,  the  media  are  cloudy,  and  the  optic  nerve,  while  gener- 
ally hazy  and  red,  may  show  papillitis.  The  tension  is  at  first  slightly 
increased,  then  becomes  variable,  and  in  the  later  stages  is  permanently 
reduced.  From  hyperemia  the  blue  iris  appears  greenish  and  the  dark  one 
looks  brownish.  As  was  noted  by  Pagenstecher  many  years  ago,  sympathetic 
iritis  permits  enlargement  of  the  pupil  by  atropin  in  spite  of  adhesions. 
Becession  of  the  iris-periphery  is  often  seen.  After  a period  lasting  from  a 
few  weeks  to  several  months,  the  eye,  as  a rule,  recovers  completely  under 
proper  treatment.  The  prognosis  is  favorable.  Schirmer  states  that  it  is 
always  favorable  in  the  pure  serous  type  of  sympathetic  uveitis,  and  he  can 
conceive  of  the  loss  of  such  an  eye  only  through  increased  intra-ocular  ten-, 
sion.  The  fact  must  not  be  overlooked,  however,  that  the  case  may  appear 
to  be  of  the  pure  serous  type,  when,  in  reality,  it  is  the  beginning  of  the 
plastic  variety.  Such  cases  give  an  unfavorable  result. 

2.  Sympathetic  Fibrinous  Uveitis  is  the  commonest  as  well  as  the 
gravest  form  of  sympathetic  ophthalmitis.  As  a rule,  the  first  noticeable 
symptom  is  a slight  ciliary  injection.  This  may  or  may  not  be  preceded 
by  diminished  accommodative  power.  Careful  examination  under  a mag- 
nifying glass  will  show  the  presence  of  dots  in  the  layer  of  Descemet,  but 
these  are  often  overlooked,  and  generally  the  patient  does  not  consult  the 
surgeon  until  vision  becomes  reduced.  The  eye  will  then  show  slight  peri- 
corneal injection,  muddiness  of  the  aqueous  humor,  decoloration  of  the 
iris,  the  pupil  being  slightly  contracted  and  readily  vmkrging  on  the  use 
of  atropin — a sign  that  the  inflammation  is  no*  acute.  The  changes 
in  DescemeFs  layer  generally  precede  the  formation  of  posterior  synechise. 
The  tension  is  usually  slightly  increased,  but  ocay  be  normal.  Pain  is  a 
noteworthy  symptom  only  in  the  rare  case:  running  an  acute  course,  and 
such  cases  may  show  swelling  of  the  lids  and  conjunctival  chemosis.  Oph- 
thalmoscopic examination  not  rareU  shows  inflammatory  changes  in  the 
papilla,  as  well  as  marked  vitreour  opacities.  The  frequency  of  the  ophthal- 
moscopic changes  has  not  betn  accurately  determined,  but  Schirmer  esti- 
mates that  they  exist  in  the  earliest  stages  of  sympathetic  ophthalmitis  in 
one-half  of  the  cases.  Th’s  form  of  papilloretinitis  resembles  the  chorioido- 
retinitis  of  the  second  ny  s.age  of  syphilis.  The  papilla  is  abnormally  red 
or  grayish  red,  wPh  blurred  edges  and  without  noteworthy  swelling.  A 
delicate  grayish  opacity  passes  from  the  disc  into  the  retina.  The  veins 
are  dark  and  somewhat  tortuous;  the  arteries  are  normal.  In  many  in- 
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stances  retinal  changes  are  concealed  by  diffuse  or  dust-like  opacities  in  the 
vitreous.  Retinal  hemorrhages  are  rarely  associated  with  these  changes. 
Chorioidal  changes  have  been  described  by  von  Graefe,  Haab,  Hirschberg, 
and  others. 

Keratitis  punctata  and  turbidity  of  the  aqueous  humor  are  soon  fol- 
lowed by  posterior  synechiae.  They  spring  from  the  pupillary  margin  of 
the  iris  and  can  be  torn  loose  by  strong  mydriatics,  but  they  also  arise  from 
the  periphery,  when  the  pupil  is  widely  dilated.  If  the  synechia  is  circu- 
lar, the  iris  is  bulged  forward  by  the  hindered  flow  of  aqueous  humor,  and 
intra-ocular  tension  is  increased.  This  occurs  only  in  a few  severe  cases. 
The  formation  of  flat  adhesions  between  the  iris  and  lens-capsule  is  charac- 
teristic of  typical  malignant  uveitis,  and  cannot  be  prevented  by  any 
mydriatic.  This  fibrinous  exudation  fills  the  entire  posterior  chamber  and 
the  space  between  the  ciliary  body  and  the  lens.  Hence,  the  iris  is  pushed 
forward,  and  the  anterior  chamber  is  shallowed.  Soon  the  masses  of  exuda- 
tion shrink,  followed  by  the  ominous  retraction  of  the  iris,  particularlv  at  its 
periphery,  thus  showing  that  the  surgeon  has  to  deal  with  the  severest  form 
of  sympathetic  ophthalmitis.  Meanwhile  the  iris  looks  macerated,  and, 
owing  to  the  marked  swelling,  it  is  disposed  in  radial  folds,  ^tich  remain 
because  of  uneven  contraction  of  the  retro-iridal  deposit  Large,  tortuous 
vessels  are  visible,  and  are  due,  not  to  arterial  hyperemia,  but  to  swelling 
from  compression  of  their  trunks  in  the  ciliary  body.  The  pupillary  area 
becomes  filled  with  a fibrinous  exudate,  which  gruduany  increases  in  thick- 
ness and  is  the  cause  of  the  loss  of  vision.  In  the  3a .fly  stages  the  iris  is  soft 
and  is  easily  torn,  but  later  it  becomes  ri  <id  and  somewhat  elastic.  Where 
the  corneal  deposits  are  numerous,  thev  become  agglutinated,  and,  falling 
to  the  bottom  of  the  anterior  chamber,  s:m  ilate  hypopyon,  which  disappears 
later  in  the  course  of  the  disease.  This  condition  was  named  purulent 
uveitis  by  Deutschmann,  but  Scliirnier  holds  this  to  be  only  a severe  form 
of  fibrinous  uveitis. 

In  the  further  course  c*  Lhe  disease  the  cornea  loses  its  transparency, 
partly  because  of  the  increase  of  intra-ocular  tension,  partly  by  reason  of 
cyclitis.  Its  deepe  >t  lavers  show  fine,  gray  opacities,  either  diffused  over 
the  whole  membrane  or  limited  to  its  central  part.  The  lens,  also,  becomes 
intransparent  from  the  development  of  new  vessels.  Sympathetic  fibrinous 
uveitis  is  eminently  chronic  in  its  course,  lasting  for  months  or  years  be- 
fore the  turning-point  is  reached.  In  the  few  cases  in  which  the  globe  is 
not  destroyed  a cure  may  take  place,  but  recurrences  of  inflammation  are  so 
frequent  that  the  eye  must  have  been  free  of  inflammation  for  a year  before 
the  surgeon  can  regard  it  as  saved.  Some  of  these  cases  will  have  useful 
vision  by  the  clearing  up  of  the  opaque  media.  In  others  vision  can  be 
rescored  only  by  the  performance  of  iridectomy,  by  the  extraction  of  the 
opaque  lens,  or,  in  some  few  selected  cases,  by  the  drilling  operation  of 
Tyrrell.  These  operations  are  not  to  be  lightly  undertaken,  and  are  prac- 
ticable only  when  a long  period  of  quiescence  has  existed.  If  an  iridectomy 
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is  made  previous  to  this  stage,  the  coloboma  soon  fills  with  fresh  exuda- 
tion, and  the  visual  result  is  nil.  As  a rule,  sympathetic  fibrinous  uveitis 
leaves  the  eye  soft  and  sightless,  with  detached  retina  and  opaque  media. 

3.  Sympathetic  Papilloretinitis,  which  is  frequently  present  as  an 
accompaniment  of  sympathetic  uveitis,  is  in  rare  instances  the  sole  mani- 
festation of  sympathetic  ophthalmitis.  The  papillitis  is  of  moderate  de- 
gree; the  papilla  may  be  slightly  more  prominent  than  normally;  its 
outlines  are  blurred,  and  its  color  is  either  more  grayish  or  more  red  than 
under  normal  conditions.  The  surrounding  retina  is  somewhat  opaque  and 
swollen,  and  sometimes  it  shows  small  hemorrhages.  The  arteries  are 
either  of  normal  or  of  increased  size ; the  veins  are  broadened  and  tortuous. 
Visual  acuity  is  usually  only  moderately  reduced.  In  only  1 of  17  cases 
recorded  by  Schirmer  was  vision  reduced  to  counting  fingers  at  three  or  four 
feet.  The  visual  field  may  be  of  normal  extent,  but  usually  it  is  contracted. 
The  color-sense  is  generally  normal.  The  prognosis  of  sympathetic  papillo- 
retinitis is  favorable,  provided  it  is  not  the  forerunner  of  the  generalized 
form  of  sympathetic  ophthalmia.  The  treatment  comprises  enucleation 
of  the  exciter,  when  indicated;  the  local  use  of  atropin;  and  the  internal 
use  of  mercurials. 

4.  Other  Sympathetic  Affections  have  been  described,  but  have 
not  gained  recognition  among  modern  ophthalmic  writers.  Thus,  sympa- 
thetic optic-nerve  atrophy,  sympathetic  cataract,  sympathetic  detachment  of 
the  retina,  and  conjunctivitis,  keratitis,  scleritis,  and  canities  have  been 
recorded.  At  the  present  time  there  exist  no  good  reasons  for  considering 
these  conditions  as  sympathetic  affections. 

Prognosis. — From  what  has  been  written  it  will  be  apparent  the  t rhe 
prognosis  of  sympathetic  fibrinous  uveitis — to  which  class  n ost  — of 
sympathetic  ophthalmitis  belong— is  exceedingly  grave.  Randolph,  writing 
in  1898,  was  able  to  gather  from  literature  only  19  cases  of  wcL-established 
recoveries.  Gumpper,  in  the  same  year,  in  an  inaugural  dissertation,  re- 
corded 65  cures,  of  which  only  25  had  been  examined  one  year  after  the 
cessation  of  inflammatory  symptoms.  Schirmer,  who  had  5 recoveries  in 
35  cases,  thinks  the  disease  less  severe  to-day  thou  in  former  times.  Surely 
prevention  of  this  disease  is  much  more  important  than  therapeusis.  As 
regards  the  form  of  sympathetic  ocular  disease  present,  the  greater  the 
fibrinous  exudation  and  the  thicker  the  his,  the  more  unfavorable  is  the 
prognosis.  Uveitis  serosa  offers  a favorable  prognosis  and  the  same  is  true 
of  sympathetic  papilloretinitis.  The  prognosis  also  is  favorable  in  cases 
where  sympathetic  ophthalmias  has  developed  after  removal  of  the  exciter. 

Pathology.— While  it  n nc  feasible  to  discuss  the  pathologic  anatomy 
of  sympathetic  irritation,  that  of  sympathetic  inflammation  is  of  great  in- 
terest. As  is  clear,  Lhe  changes  in  the  exciting  eye  are  much  better  known 
than  those  of  the  -ympathizer,  but,  as  far  as  our  knowledge  goes,  it  can  be 
stated  that  they  are  identical  in  both  cases. 

The  fin  lings  in  all  cases  of  more  chronic,  fibrinous  uveitis  are  these: 
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All  of  the  three  portions  of  the  uvea  contain  disseminated  agglomerations 
of  lymphocytes  (round  cells),  which  are  accompanied,  in  cases  of  severe 
inflammation,  by  a diffuse  infiltration  of  the  whole  tissue  with  the  same 
type  of  cells.  After  disappearance  of  the  inflammatory  process  the  charac- 
teristic structure  of  the  uvea  is  lost,  and  instead  a pigmented  connective 
tissue,  poorly  supplied  with  blood-vessels,  is  encountered.  Besides  this,  the 
iris  and  the  ciliary  body  are  covered  with  a copious  fibrinous  exudate,  which 
strongly  tends  to  organization,  while  the  chorioid  never  produces  such  an 
exudate. 

Usually  the  infiltration  of  the  iris  is  more  or  less  diffuse,  while  in  the 
ciliary  body  the  most  pronounced  infiltration  occurs  in  the  space  between 
the  muscular  and  the  pigmentary  layer.  In  the  chorioid  the  main  seat  of 
the  process  is  the  layer  of  the  large  vessels  and  in  the  suprachorioidea,  while 
the  inner  layers,  and  especially  the  capillary  layer,  are  not  at  all  or  only 
^lightly  affected.  It  is  interesting  to  state  that  in  the  chorioid  very  often 
tubercle-like  formations  with  giant  cells  are  found,  which,  however,  have 
nothing  to  do  with  tuberculosis. 

Comparatively  slight  are  the  changes  in  the  optic  nerve,  papilla,  and 
retina.  In  the  latter  atrophy  of  the  nervous  elements  and  dight  increase 
of  the  supporting  tissue  occurs.  The  papilla  often  shows  an  edematous 
infiltration,  but  seldom  an  extensive  cellular  infiltration,  while  the  latter 
is  often  very  pronounced  in  the  optic  nerve.  Ti  j miscleral  vessels  are 
hyperemic  and  the  tissue  around  them  is  loosened  am  edematous.  In  the 
blind  end  of  the  sub  vaginal  space  of  the  exciter  often  a dense  infiltration  of 
small  round  cells  is  present. 

The  bacteriologic  findings  in  this  disease  are  of  a very  contradictory 
nature.  In  a number  of  cases  bacterk  hive  been  found,  most  often  the 
staphylococcus  pyogenes  albus,  but  ;a  no  case  has  the  proof  been  established 
that  a certain  bacterium  has  been  the  v,ause  of  the  sympathetic  inflammation. 
By  this,  however,  it  is  not  meant  to  say  that  sympathetic  ophthalmitis  is 
not  of  bacterial  origin.  Further  investigations  are  necessary. 

Pathogenesis. — The  limits  of  this  work  prohibit  an  exhaustive  account 
of  the  various  expe  imenlo  which  have  been  made  and  the  theories  which 
have  been  advanced  account  for  the  transmission  of  disease  from  the  ex- 
citer to  the  sympathizer.  It  is  definitely  settled  that  the  pathogenesis  of 
this  process  cannoi;  be  determined  by  experiments  made  on  the  lower  ani- 
mals. Tim  t]d  theory  of  reflex  action  via  the  ciliary  nerves  has  been  aban- 
doned and  modern  ophthalmologists  favor  the  view  that  sympathetic 
ophthalmitis  is  of  bacterial  origin,  but  the  germ  remains  to  be  found.  It  is 
supposed  that  the  infection  spreads  along  the  sheath  of  the  optic  nerve  to 
the  chiasma,  and  thence  along  the  sheath  of  the  other  optic  nerve.  The 
l acleria  theory  of  sympathetic  ophthalmitis  cannot  be  considered  as  estab- 
lished until  the  specific  organism  shall  have  been  identified.  One  fact 
which  tends  to  disprove  the  theory  of  direct  transmission  is  this : that  the 
infiltration  becomes  less  and  less  toward  the  chiasma. 
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Although  we  do  not  know  with  certainty  to-day  in  what  way  the 
healthy  eye  is  involved  in  inflammatory  changes  through  the  disease  of  the 
•other  eye,  the  theories  attempting  an  explanation  are  numerous.  Leaving 
aside  the  theory  of  sympathetic  irritation  (transmission  of  a nervous  irrita- 
tion through  the  course  of  the  ciliary  nerves),  only  those  hypotheses  shall 
be  mentioned  which  deal  with  inflammation  of  the  sympathizer. 

1.  Nerve  Theories.— 1.  Optic-Nerve  Theory— The  assumption  was 
that,  owing  to  the  well-known  crossing  of  the  optic  fibres,  the  inflammatory 
process,  arriving  at  the  chiasma,  was  from  there  transmitted  along  the  optic 
nerve  of  the  other  eye.  This  view,  assuming  the  reflection  of  an  irrita- 
tion which  caused  inflammation,  according  to  modern  physiologic  knoivl- 
edge  appears  untenable. 

2.  Ciliary-Nerve  Theory.— This  theory  supposes  that,  in  the  sympa- 
thizing eye,  an  irritative  condition  of  the  ciliary  nerves  is  produced  which, 
in  a manner  as  yet  unknown,  is  transmitted  to  it  and  causes  here  a condition 
•of  irritation  that  gradually  leads  to  inflammation.  Muller  based  this 
-theory  on  merely  anatomic  reasons.  More  important  are  certain  clinical  ob- 
servations. Closer  consideration,  however,  shows  that  this  theory  cannot 
ibe  sustained. 

II.  Bacteria  Theories. — With  the  advent  of  bacteriology,  and  with 
the  observation  that  the  majority  of  ophthalmias  are  accompanied  by  bac- 
terial growth,  theories  have  been  advanced  to  explain  sympathetic  inflam- 
mation. The  oldest  one  is  that  of  transmission  by  metastasis,  which  was 
advanced  by  Berlin.  He  inferred  that  the  bacteria  of  the  primarily  dis- 
eased eye  obtained  access  to  the  general  circulation,  thus  being  bought  to 
the  uvea  of  the  other  eye.  Here,  finding  a congenial  soil,  they  were  taid 
to  become  the  cause  of  the  sympathetic  disease.  Arnold  believed  tnat,  by  a 
retrograde  way  through  the  venous  channels,  the  propag;  itic  n occurred ; 
while  still  others,  with  Leber,  thought  that  the  trouble  of  the  sympathizer 
was  accomplished  by  a continuous  growth  of  the  infecting  microbe  along 
-the  lymph- vessels.  Schmidt-Kimpler  has  been  a strong  advocate  of  this 
theory;  but  it  must  be  remembered  that,  as  yet.  in  no  case  scientifically 
•studied  has  the  evidence  been  established  for  one  u the  other  mode  of  propa- 
gation. Direct  experiments  always  have  had  a negative  result. 

III.  Combined  Theories,  mainly  advanced  by  E.  Meyer  and  Schmidt- 
Bimpler,  attribute  to  primary  irritation  of  the  ciliary  nerves  the  possibility 
that  pathogenic  microbes  can  find  in  the  tissues  innervated  by  these  nerves 
a suitable  soil.  Unfortunately  very  many  clinically  well-observed  facts  ab- 
solutely cannot  be  reconciled  Huh  this  view.  Eor  instance,  the  observation 
that  after  an  injury  to  one  eye  sympathetic  inflammation  of  the  other  eye 
vnever  occurs  within  less  ihan  fourteen  days.  In  the  same  way,  this  theory 
leaves  the  fact  unexpla’ned  that,  after  enucleation  of  one  eye,  the  sympa- 
thetic affection  ci  the  other  can  occur  as  long  as  many  weeks  later. 

IY.  Toxin  Theories. — Sympathetic  inflammation  is  not  caused  by  a 
rtransmigrati  >n  of  the  microbes  themselves,  but  only  by  that  of  the  products 
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of  their  metabolism.  What  speaks  most  against  this  explanation  is  that, 
even  after  extirpation  of  the  primary  focns,  the  inflammation  pursues  its 
ordinary  course  in  a great  number  of  cases,  while  in  intoxications  the  effect 
of  the  toxin  gradually  lessens,  as  its  amount  is  diminished.  This  theory 
affords  a satisfactory  explanation  only  for  the  pure  papilloretinitis  sympa- 
thetica, while  it  certainly  cannot  be  applied  to  the  ordinary  cases. 

Prophylaxis.  The  prevention  of  sympathetic  ophthalmitis  is  much 
more  feasible  than  its  cure,  and  efforts  in  this  direction  should  begin  imme- 
diately after  the  receipt  of  an  injury.  The  strict  aseptic  treatment  of  all 
wounds  should  be  followed,  but  unfortunately  it  will  often  happen  that 
the  wound  is  infected  before  the  surgeon  is  consulted. 

In  cases  of  injury  which  cannot  remain  under  the  constant  observation 
of  an  ophthalmic  surgeon,  the  general  practitioner  should  make  daily  tests 
of  the  vision  of  the  good  eye,  since  failure  of  vision  is  the  one  symptom 
likely  to  attract  the  attention  of  the  non-expert. 

Prophylactic  measures  are: — 

1.  Preventive  Enucleation. — Prophylactic  enucleation  is  iidieated 
whenever  there  exists  a uveitis  of  bacterial  origin  which  does  uot  Trield  to 
proper  treatment  in  reasonable  time. 

2.  Prophylactic  Exenteration  may  take  the  placo  cf  enucleation; 
but  for  two  reasons  (infection  of  the  stump  of  the  optic  aeavo  and  the  possi- 
bility of  leaving  portions  of  the  uvea  behind)  this  method  is  not  perfectly 
reliable. 

3.  Prophylactic  Neurotomy  (opticociliary)  has  not  proved  to  be 
a sufficient  protection. 

4.  Pesection  of  the  Optic  and  (\.ltary  Nerves  does  not  furnish 
a sufficient  protection  for  the  other  eye. 

The  normal  operation  remains,  ir  t)  date,  the  enucleation.  Exentera- 
tion should  be  restricted  to  panoph  ficdmitic  bulbs,  while  neurotomy  ought  to 
be  altogether  abandoned. 

The  most  certain  of  all  prophylactic  measures  is  the  removal  (enuclea- 
- fi°n)  of  an  injured  ey^  sublet  to  the  rules  governing  this  operation.  If 
the  second  eye  remain  < well  for  a period  of  four  weeks  after  enucleation,  the 
prophylaxis  is  practically  absolute. 

Treatment— Tin  indications  for  treatment  of  sympathetic  ophthalmitis 
are  (1)  removxi  oi  the  exciter  if  blind  and  (2)  the  use  of  remedies  to  con- 
trol the  inflammatory  process  in  the  sympathizer. 

1.  Pemoval  of  the  exciter,  in  a case  where  sympathetic  ophthalmitis 
is  fully  de /eloped,  is  not  to  be  considered,  if  the  exciter  possesses  useful 
visk  n.  In  case  there  is  perception  of  light,  but  the  eye  has  remained 
hypotonic  for  several  weeks,  or  where  corneal  opacity  is  so  extensive  as 
m preclude  the  possibility  of  the  restoration  of  useful  vision,  an  enucleation 
of  the  exciter  will  be  in  order.  Attempts  to  improve  the  condition  of  the 
exciter  by  making  broad  iridectomies  have  generally  proved  unsatisfactory. 
If  tension  is  increased,  it  is  better  treated  in  these  cases  by  paracentesis  of 
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the  cornea  or  by  sclerotomy.  If  an  enucleation  of  the  exciter  is  not  in 
order,  it  should  be  treated  with  atropin,  hot  compresses,  and  possibly  sub- 
conjunctival injections  of  bichlorid  of  mercury  (1  to  2000). 

2.  Treatment  of  the  sympathizer  includes  local  and  general  measures. 
Atropin  should  be  used  three  times  a day,  and  the  patient  should  be  kept  in 
a dark-room  during  the  more  acute  period  of  his  disease. 

The  intra-ocular  injection  of  antiseptics,  as  advised  by  Abadie,  is  gen- 
erally condemned  by  American  and  German  surgeons.  The  subconjunctival 
injection  of  mercuric  bichlorid  seems  to  have  been  beneficial  in  a few  cases. 

The  internal  use  of  large  doses  of  salicylate  of  sodium  120  to  180 
grains  daily  in  divided  doses,  fortified  by  the  simultaneous  use  of  brandy- 
lias  given  good  results  in  the  hands  of  Gifford,  who  regards  it  as  the  most 
important  remedy.  Heuse  has  recorded  several  caseS  which  were  favorably 
influenced  by  the  daily  use  of  CO  to  75  grains  of  the  same  remedy.  Aspirin, 
in  15-grain  doses,  four  or  five  times  a day,  may  be  substituted  for  salicylate 
of  sodium. 

The  older  surgeons  placed  their  trust  in  large  doses  of  mercurials  given 
by  the  mouth  or  by  inunction.  Schirmer  gives  the  first  place  to  mercury. 
Small  doses  of  calomel,  frequently  repeated,  seem  to  be  of  value.  The  local 
application  of  heat  in  the  form  of  poultices,  frequently  changed,  has  been 
advised  by  Gifford. 

Hypodermic  injections  of  pilocarpin  sometimes  do  good  and  should 
be  tried. 

Sympathetic  papilloretinitis  should  be  treated  locally  with  atropui, 
dark  glasses,  correcting  lenses,  and  the  use  of  hot  compresses.  Inte  rnally 
mercury  or  iodid  of  potassium  should  be  administered.  Pilocirpir  may 
be  used  advantageously.  It  is  inadvisable  to  keep  these  cast  in  a dark- 
room unless  other  evidences  of  sympathetic  ophthalmitis  are  present.  In  its 
pure  form,  sympathetic  papilloretinitis  offers  a favorable  prognosis. 

Without  exception  an  operation  of  any  kind  will  be  nut  of  order  until 
long  after  signs  of  acute  inflammation  have  disappeared.  Late  in  the  his- 
tory of  the  case  an  iridectomy  may  be  of  some  value.  If  the  chief  obstacle 
to  vision  is  an  opaque  lens,  an  extraction  can  bf  made  \ or  the  drilling  opera- 
tion of  Tyrrell  or  the  procedure  of  Critc  iett  can  be  tried.  In  Critchett’s 
operation  two  cataract-needles  are  used.  One  holds  the  lens  fixed  while  the 
other  makes  a small  tear  in  the  capsule  The  points  are  then  separated 
to  enlarge  the  rent.  Some  lens-m  ittcr  escapes  and  usually  there  is  no  re- 
action. The  operation  is  repeat'  d at  intervals  of  a few  weeks  until  the  lens 
is  absorbed.  Critchett,  Story,  and  Oliver  have  practiced  this  operation  with 
success. 

Tyrrell’s  operation  is  performed  with  one  needle.  It  is  passed 
through  the  cornea  nea:'  its  outer  part.  It  is  then  made  to  penetrate  the 
anterior  capsule  (taking  care  not  to  injure  the  iris)  to  the  depth  of  one 
millimetre.  The  handle  is  then  rotated  so  that  the  instrument  will  act  as 
a drill.  The  operation  can  be  repeated  several  times  at  intervals  of  a month. 
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INDICATIONS  FOR  ENUCLEATION. 

Indications  for  enucleation  are  furnished  either  by  the  condition  of  the 
eye  or  by  the  state  of  the  orbit. 

I.  Among  the  ocular  reasons  for  enucleation,  evisceration,  or  Mules,& 
operation,  or  one  of  the  modifications  of  these  procedures,  are  the  follow- 
ing (modified  from  Czermak)  : — 

1.  In  recent  severe  wounds,  in  which  the  cornea  or  sclera  is  lacerated  and 

the  intra-ocular  contents  are  partly  or  wholly  lost;  wounds  which  destroy 
the  possibility  of  restoration  of  useful  vision ; wounds  with  the  lodgment  of 
a foreign  body  which  cannot  be  removed.  However,  many  lacerations  of 
the  cornea  and  some  scleral  wounds,  if  not  infected,  admit  of  recovery  under 
proper  treatment.  The  prolapsed  iris  or  vitreous  is  to  be  cut  off,  the  scleral 
wound  is  to  be  approximated  with  sutures,  the  injured  lens  is  to  be  ex- 
tracted, etc.  * % 

2.  In  all  conditions  liable  to  produce  sympathetic  ocular  disease,  the 
offending  eye,  if  blind,  is  to  be  removed.  Such  conditions  include  irido- 
cyclitis, iridochorioiditis,  with  shrinking  of  the  globe;  suppurative  inflam- 
mation following  wounds,  operations,  or  the  lodgment  of  foreign  bodies; 
perforating  corneal  ulcers  with  iridocyclitis. 

3.  In  cases  where  sympathetic  irritation  or  inflammation  has  already 
appeared  in  the  “good”  e}Te,  provided  the  exciter  is  blind,  jr  possesses  only 
a limited  amount  of  vision.  Here  the  differences  between  sympathetic  irri- 
tation and  inflammation  are  clear-cut:  enucle;  tion  cares  sympathetic  irri- 
tation, while  it  has  little  or  no  influence  over  sympathetic  ophthalmitis. 
If  the  exciter  possesses  useful  vision,  and  sympathetic  ophthalmitis  has  al- 
ready developed,  the  removal  of  the  exciter  iS  not  to  be  considered,  since, 
after  the  case  has  run  its  course,  the  probabilities  are  that  the  exciter  will 
possess  the  better  vision  of  the  two. 

4.  In  uncontrollable  hemorrhage  from  an  injured  eye,  even  if  the 
wound  is  small.  This  occui;  at  Limes  in  degenerated  globes  (total  ectasia, 
glaucoma,  hydrophthalmos) . 

5.  In  spontaneous  chrome  iridocyclitis  with  atrophy  of  the  globe;  in 
glaucoma  with  degeneration  of  the  ocular  tunics;  in  eyes  blind  from  de- 
tachment of  the  retina  or  luxation  of  the  lens,  provided  the  patient  suffers 
from  annoying  jJu+opsia  or  loss  of  sleep  from  pain  and  recurring  attacks 
of  inflammation 

6.  In  general  enlargement  of  the  globe  through  thinning  of  the  sclera 
(total  ectasia  of  the  bulb). 

7.  In  ulceration  of  the  cornea  appearing  in  an  eye  with  total  staphy- 
loma or  in  an  eye  which  has  undergone  degenerative  glaucoma.  These 
aon  litions  lead  to  rupture,  hemorrhages,  panophthalmitis,  or  insidious 
iridocyclitis. 

8.  In  all  malignant  intra-ocular  tumors  where  complete  extirpation 
cannot  be  performed.  This  concerns  all  tumors  of  the  retina,  ciliary  body, 
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and  chorioid,  and  those  tumors  of  the  iris  which  involve  the  margin  of  the 
ciliary  body.  Small  tumors  of  the  iris,  so  situated  that  they  can  be  entirely 
removed,  are  to  be  subjected  to  iridectomy. 

9.  In  all  epibulbar  malignant  tumors  whose  attachment  to  the  globe  is 
so  close  as  to  render  removal  of  all  the  growth  incompatible  with  the  in- 
tegrity of  the  eye,  or  tumors  in  which  the  orbital  tissues  are  also  involved. 

10.  In  primary  conglobate  tuberculosis  (granuloma)  of  the  iris  and 
chorioid. 

11.  In  all  cases  of  phthisis  bulbi  where  there  is  shrinking  pain  on 
pressure. 

12.  In  cases  where  other  operations  (opticociliary  neurectomy,  ex- 
cision of  the  cervical  sympathetic  for  relief  of  pain  in  glaucoma)  have  failed 
to  relieve  suffering,  the  eye  being  blind. 

13.  In  panophthalmitis. 

II.  The  orbital  indicatibns  for  enucleation  are : — 

1.  Inoperable  tumors  encroaching  on  the  walls  of  the  orbit,  producing 
exophthalmos  and  lagophthalmos,  and  leading  to  destruction  of  the  globe  by 
painful  suppurative  inflammation. 

2.  In  orbital  cellulitis,  if  the  eye  is  already  lost  and  the  surgeon  believes 
that  life  will  probably  be  saved  fey  the  operation. 

ENUCLEATION  AND  ITS  SUBSTITUTES. 

Removal  of  the  eyeball,  either  complete  (as  in  enucleation)  or  partial 
(as  in  Mules’s  operation,  Hall’s  operation, -or  their  modifications),  is  to 
be  done  under  general  anesthesia,  unless  the  condition  of  the  patient  is  s ich 
that  the  inhalation  of  chloroform  or  ether  will  be  dangerous.  In  old  alco- 
holics, for  example,  general  anesthesia  is  dangerous  and  may  be  replaced 
by  the  local  use  of  cocain  or  holoeain,  aided  by  the  use  of  adrenalin  or 
suprarenal  solution.  These  remedies  can  be  dropped  on  to  the  conjunctiva, 
and,  after  this  membrane  is  incised,  further  use  can  be  made  of  the  solu- 
tions before  the  next  step  is  taken.  Some  surgeons  prefer  to  inject  the 
solution  into  the  orbital  tissues  by  an  hypodermic  fringe.  This  method 
may  cause  great  depression,  cold  perspiration,  or  syncope,  while  dropping 
cocain  in  the  wound,  as  the  operation  proceed;,  is  tedious  and  often  unsatis- 
factory. In  this  manner  the  parts  ccn  oc  sufficiently  anesthetized,  there 
being  little  or  no  pain,  except  at  the  moment  of  cutting  the  ciliary  nerves 
surrounding  the  optic  nerve.  In  case  of  evisceration  (Mules’s  operation) 
the  pain  is  practically  nil  uraor  holoeain  or  cocain.  Before  enucleation 
the  conjunctiva  and  skin  of  the  lids  and  adjacent  parts  are  to  be  thoroughly 
cleansed  with  soap,  water,  and  bichlorid  solution.  After  the  globe  has 
been  removed,  it  is  wch  >.0  flush  the  orbit  with  hot  sterile  water  or  with 
bichlorid  solution. 

Technique  of  Tvur.eleation. — Of  the  various  methods  of  enucleation  two 
are  in  common  u;°,  viz.  t Bonnet’s  method  and  Arlt  s modification. 
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Bonnet's  Method. — The  object  of  this  operation  is  the  removal  of 
the  eyeball  without  injury  to  Tenon’s  capsule.  The  instruments  required 
are  a speculum,  tissue-forceps,  fixation-forceps,  scissors,  strabismus-hook, 
curved  enucleation  scissors,  needles,  suture  material,  and  needle-holder. 
The  speculum  having  been  introduced,  and  the  eyeball  being  held  by  an  as- 
sistant, the  surgeon  rapidly  separates  the  conjunctiva  from  around  the 
cornea,  and  dissects  it  back  as  far  as  the  insertions  of  the  recti  muscles. 
The  tendons  are  lifted  up,  one  at  a time,  by  the  strabismus-hook,  and  are 
cut  off  close  to  their  insertions.  The  subconjunctival  tissue  is  likewise  lifted 
up  by  the  hook.  The  next  step  is  to  dislocate  the  globe  forward  by  pressing 
the  speculum  backward,  this  being  done  so  as  to  facilitate  the  cutting  of  the 
optic  nerve.  This  is  accomplished  by  means  of  long,  curved  scissors,  which 
are  held  closed  and  are  passed  backward  until  the  nerve  is  felt  as  a tense  cord. 
The  blades  are  then  opened,  the  nerve  engaged,  and  cut  close  to  the  sclera. 
The  globe  is  then  held  in  the  left  hand  and  the  oblique  muscles  are  severed, 
together  with  the  ciliary  vessels,  nerves,  and  any  adhering  tags  of  tissue. 
The  operation  is  completed  by  the  use  of  a purse-string  suture,  passed 


through  the  conjunctiva  and  through  each  of  the  recti  tendons.  Some 
operators,  after  cutting  all  other  muscle  attachments  close  to  the  sclera, 
leave  a piece  of  the  tendon  oi  the  external  rectus  muscle  attached  to  the 
globe,  and  hold  it  with  fixation-forceps  to  steady  the  eye  while  cutting  the 
optic  nerve.  The  dustirg  tt  iodoform  or  boric  acid  into  the  conjunctival  sac 
and  the  pouch,  left  by  removal  of  the  eye,  is  unnecessary. 

In  cases  requiring  resection  of  the  optic  nerve  back  to  the  foramen 
opticum.  Bonnets  method  is  somewhat  modified.  After  removal  of  the 
globe,  as  described  above,  the  surgeon  feels  for  the  stump  of  the  optic  nerve 
with  his  right  index  finger,  and  grasps  the  nerve  with  fixation-forceps  held 
in  the  left  hand.  After  seizing  the  nerve-stump  he  cuts  it  off  at  the  apex 
of  the  Dibit  by  means  of  curved,  blunt-pointed  scissors. 

arlt's  Method. — This  operation  requires  a speculum,  toothed  forceps, 
Ctrl  scissors.  The  tendon  of  the  internal  rectus  muscle  is  seized  with  the 
overlying  conjunctiva  and  the  grasp  is  retained  until  the  end  of  the  opera- 
tion. The  muscle  is  cut  external  to  the  forceps.  Through  this  opening 
one  blade  of  the  scissors  is  passed  under  the  inferior  and  superior  recti 
tendons,  which  are  severed  in  succession.  Then  the  optic  nerve  is  cut,  the 


SYMPATHETIC  EYE  DISEASES— ENUCLEATION. 


609 


globe  being  drawn  forward  and  turned  outward  to  facilitate  the  section. 
Last,  the  external  rectus  and  the  two  oblique  muscles  are  severed  close  to 
the  globe  and  the  operation  is  finished.  The  purse-string  suture  may  be 
used  or  not,  as  the  operator  desires.  The  author  favors  its  use,  believing 
that  the  conjunctival  suture  aids  primary  union  and  often  prevents  the  for- 
mation of  a button  of  “proud  flesh.”  It  is  well  not  to  draw  the  suture  too 
tightly,  since  blood  may  accumulate  behind  it  and  cause  great  pain. 

ArlPs  method  is  exceedingly  rapid,  but  it  is  not  suited  to  eyes  whose 
walls  are  weak,  since  the  pressure  used  in  the  operation  will  cause  rupture 
of  the  globe  and  escape  of  the  contents,  increasing  the  danger  of  infection. 

Among  the  accidents,  mistakes,  and  sequelae  of  enucleation  are  the 
following : — 

1.  Bemoval  of  the  Good  Eye  has  occurred  in  at  least  one  instance  of 
which  the  author  has  received  reliable  information.  In  a case  in  which  the 
pathologic  condition  does  not  show  externally — as,  for  example,  an  intra- 
ocular tumor — it  will  be  advisable  for  tlie  surgeon  to  make  a mark  on  the 
lid  of  the  eye  to  be  removed. 

2.  Hemorrhage,  usually  insignificant  after  enucleation,  has  led  to 
death  in  a few  instances  in  bleeders  and  old  alcoholics.  Usually  pressure 
by  the  finger  at  the  apex  of  the  orbit  will  stop  it,  and  the  compress  bandage 
will  prevent  its  recurrence. 

3.  Inability  to  Deliver  the  Globe  may  occur  because  of  smallness 
of  the  palpebral  fissure,  which,  of  course,  must  then  be  enlarged ; but  usually 
the  surgeon  will  find  that  the  optic  nerve  has  not  been  severed. 

4.  Extension  of  Disease  Beyond  the  Globe  is  often  encountered  iu 
malignant  growths  which  have  perforated  the  eye  posteriorly  ard  have 
involved  the  optic  nerve  and  adjacent  tissues.  Here  the  optic  nerve  must 
be  resected  back  to  the  foramen  opticum,  and  all  infected  tissue  should  be 
removed  from  the  orbit. 

5.  Perforation  of  the  Globe  may  occur  even  in  the  ha  ids  of  a care- 
ful surgeon,  if  the  sclera  is  unusually  thin.  The  operation  is  to  be  finished, 
all  escaping  liquids  being  carefully  wiped  away  and  the  orbit  thoroughly 
flushed  with  bichlorid  solution.  If  the  globe  collapses,  the  opening  in  the 
sclera  should  be  enlarged  and  the  contents  should  be  evacuated.  The 
cavity  is  then  packed  with  moist  gauze  or  absorbent  cotton,  the  wound  is 
sutured  and  the  operation  is  to  be  finish  ed  as  if  the  rupture  had  not  oc- 
curred. Such  an  accident  is  not  uncommon  after  perforating  wounds,  ulcers, 
or  tumors. 

6.  Panophthalmitis  with  Orbital  Thrombosis,  producing  a hard, 
lardaceous  condition  of  the  orbital  tissues,  may  confuse  the  operator.  Here 
the  surgeon  has  simply  to  follow  the  outline  of  the  thickened  sclera  to 
remove  the  globe. 

7.  Occipital  Run  ^nd  Ecchymosis  of  the  Lids  are  sometimes  seen 
after  the  most  cPrt^u.  enucleation.  The  pain  stops  in  a few  hours  and 
the  ecchymosis  aAappears  in  ten  days. 

39 
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8.  Orbital  axd  Palpebral  Abscess.,  following  enucleation,  are  rare 
complications.  They  are  to  bo  treated  on  general  surgical  principles. 

9.  Ptosis,  which  occurred  in  one  of  the  author’s  operations,  was  due 
to  injury  to  the  levator  muscle  while  cutting  the  optic  nerve.  It  disap- 
peared within  a few  weeks. 

10.  Fatal  Meningitis  after  enucleation  is  of  rare  occurrence.  The 
author  has  never  seen  a case,  although  he  does  not  hesitate  to  enucleate 
panophthalmitic  eyes.  It  is  due  to  infection  either  by  extension  of  germs 
of  panophthalmitis  to  the  sheath  of  the  optic  nerve,  and  thence  to  the  brain ; 
or  to  unclean  instruments,  sutures,  solutions,  gauze,  or  fingers;  or  to  con- 
tact with  pus  from  the  eye  by  rupture  of  the  globe  during  the  enucleation, 
or  from  pus  derived  from  the  tear-sac.  Yon  Graefe,  who  lived  before  the 
era  of  aseptic  surgery,  observed  meningitis  twice  after  enucleation  of  panoph- 
thalmitic eyes,  and  advised  against  the  operation.  Most  modern  ophthal- 
mologists, however,  do  not  hesitate  to  enucleate  them,  thus  greatly  relieving 
pain  and  suffering  and  shortening  the  period  of  treatment.  Some  s lrgeons, 
however,  think  best  to  eviscerate  the  globe  in  panophthalmitis.  If  an 
orbital  phlegmon  exists  with  meningitis,  Noyes  advises  that  deep  incisions 
be  made  to  let  out  the  pus,  and  deep  irrigation  with  strong  antiseptics  is 
to  be  used.  If  meningitis  occurs  after  enucleation,  it  ;s  not  necessarily 
fatal,  although  the  condition  is  very  serious. 

In  1896  a committee  of  the  Ophthalmologies:  Society  of  the  United 
Kingdom  investigated  this  subject.  Of  10,734  >asrs  of  simple  excision,  in 
7 fatal  meningitis  ensued ; in  all  of  these  he  t ye  which  was  removed  was 
suffering  from  suppurative  panophthal  ritis.  It  is  not  certain  that  the 
operation  caused  the  meningitis,  since  cases  of  panophthalmitis  have  been 
recorded  in  which  the  eye  was  not  removed  and  meningitis  has  occurred. 
One  case  of  fatal  meningitis  has  followed  evisceration.  Since  this  operation 
has  been  much  less  frequently  performed  than  enucleation,  it  is  an  open 
question  which  operation  is  freer  Uom  risk.  The  committee  could  learn  of 
no  case  of  meningitis  following  Mules’s  operation  or  the  insertion  of  an 
artificial  globe  into  Tenoi ’s  capsule. 

Technique  of  Evisceration. — The  instruments  required  are  speculum, 
fixation-forceps,  scalpel,  scissors,  scoop,  suture  material,  needles,  and  needle- 
holder.  The  speculum  being  in  place  and  fixation-forceps  holding  the  globe, 
the  scalpel  is  J&ed  to  puncture  the  sclera  at  a point  five  millimetres  posterior 
to  the  ejr^euscleral  junction.  Into  this  opening  one  blade  of  the  scissors 
is  introduced,  and  a cut  is  made  concentric  with  the  cornea.  Thus,  the  an- 
teu’oi  segTnent  of  the  globe  is  removed.  The  iris,  ciliary  body,  chorioid,  len9, 
end  vitreous  humor  are  removed  with  the  scoop  or  spoon.  Tags  of  chorioid 
acd  retina  will  adhere  to  the  venae  vorticosae  and  nerve-head.  Such  adherent 
pieces  can  best  be  removed  by  wiping  with  gauze  held  in  forceps,  which  are 
rotated  rapidly  within  the  globe.  The  circular  wound  is  now  altered  by 
removing  small  triangular  pieces  of  sclera  at  the  insertions  of  the  external 
and  internal  recti  muscles.  The  cavity  is  irrigated  with  sterile  water  or 
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with  a bichlorid  solution,  and  the  wound  is  closed  by  five  or  six  sutures 
passed  through  conjunctiva  and  sclera.  A gauze  dressing  and  compress 
bandage  are  applied.  Healing  is  usually  uneventful,  but  Knapp  has  re- 
ported a case  of  evisceration  followed  by  thrombosis  of  the  vorticose  and 
orbital  veins.  There  is  frequently  marked  chemosis  following  this  opera- 
tion. The  sutures  are  removed  on  the  seventh  or  eighth  day. 

Evisceration  with  Insertion  of  an  Artificial  Vitreous  (Mules’s  Opera- 
tion).— This  operation  is  simply  an  evisceration  plus  the  placing  of  a ball 
of  glass  or  metal  (gold)  within  the  scleral  cup.  To  facilitate  the  introduc- 
tion of  the  artificial  vitreous,  the  introducer  of  Mules  or  that  of  Todd  is 
used  (Fig.  355).  The  globe  should  not  be  so  large  as  to  stretch  the  sclera 
when  sutures  are  introduced.  Two  sets  of  sutures  are  to  be  used : the  scleral 
ones  are  directed  vertically  and  when  tied  present  a horizontal  scleral  wound, 
while  those  through  the  conjunctiva  are  passed  horizontally  and  when  tied 
the  conjunctival  wound  is  vertical.  Catgut  is  used  for  sewing  the  sclera, 
and  silk  for  the  conjunctiva.  A pad  of  gauze  and  a firm  compress  bandage 


Fig.  355. — Artificial-vitreous  introducer.  (Todd.) 


are  applied  and  reapplied  during  the  period  of  swelling.  Theic  is  always 
considerable  swelling  and  some  pain  for  several  days  after  tuis  operation. 
The  success  of  Mules’s  procedure  demands  rigid  atterfwn  n asepsis.  Ihe 
cosmetic  results  are  beautiful,  since  the  rotations  c*  the  artificial  eye,  placed 
on  the  stump,  exceed  those  obtained  after  enucleation.  Furthermore,  the 
natural  contour  of  the  lids  is  retained,  and  there  i&  an  absence  of  the  annoy- 
ing conjunctival  secretion  which  follows  the  wealing  of  a shell  after  enuclea- 
tion. In  the  author’s  cases  the  artificial  eye  was  inserted  two  or  three  weeks 
after  operation.  The  globe  is  extruded  in  from  12  to  15  per  cent,  of  the 
cases.  Once  the  wound  is  firmly  closed,  it  does  not,  as  a rule,  subsequently 
reopen,  but  it  has  been  known  to  do  so  as  late  as  seven  years  after  the  inser- 
tion. No  case  is  recorded  in  which  the  glass  globe  has  broken  in  the  sclera. 
Silver  globes  have  sometimes  produced  argyrosis  of  the  stump. 

Sclero-optic  Neurectomy  (Hall’s  Operation). — This  operation,  which 
originated  with  Dr.  Frnest  Hall,  of  Victoria,  B.  C.,  consists  of  an  eviscera- 
tion to  which  is  added  an  excision  of  the  posterior  part  of  the  scleral  cup 
and  resection  of  the  optic  nerve.  After  cutting  away  the  sclera  to  an  extent 
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sufficient  to  include  the  ciliary  body  and  eviscerating  the  globe,  the  speculum 
is  inserted  within  the  ball,  thus  holding  both  lids  and  edges  of  the  sclera 
open.  The  point  of  entrance  of  the  optic  nerve  is  then  grasped  with  two 
forceps  and  the  scissors  inserted  as  close  to  the  nerve  as  is  possible  to  avoid 
wounding  of  the  ciliary  arteries,  and  a circular  incision  is  made  in  the 
sclerotic,  freeing  the  optic  nerve,  which  is  then  drawn  forward  and  severed 
about  ten  millimetres  from  the  sclerotic  junction,  thus  removing  a section  of 
the  optic  nerve.  The  sclerotic  and  conjunctiva  are  closed  vertically  to  give 
normal  tension  to  the  internal  and  external  recti,  as  lateral  movement  is  of 
greater  importance  than  vertical.  After  the  artificial  eye  is  adapted  there 
is  perfect  movement  within  thirty-five  degrees  laterally  and  twenty  degrees 
vertically.”  This  operation  has  been  modified  by  Huizinga,  who  removes  a 
larger  section  of  the  posterior  scleral  cup,  cuts  and  removes  the  optic  and 
ciliary  nerves,  and  inserts  an  artificial  vitreous.  He  has  named  this  opera- 
tion eviscero-neurotomy. 


Fig.  356. — Sclerooptic  neurectomy. 

The  tissues  anterior  to  the  curved  line,  A-£,  a.  ~ «o  be  removed.  R-Z%  Incision  in  posterior  part 
of  the  sclera,  t-r,  I art  . ” the  optic  nerve  to  be  excised. 

Implantation  of  a Sphere  into  Tenon’s  Capsule  (Adams  Frost’s  Opera- 
tion).— This  operation  was  done  by  Frost  in  1886,  as  follows:  “The 
conjunctiva  having  men  divided  in  the  usual  way,  each  rectus  muscle  in  suc- 
cession was  seized  with  forceps,  divided,  and  secured  by  a ligature  passed 
through  it  and  through  the  conjunctiva;-  the  enucleation  was  then  com- 
pleted, the  f jcx  recti  being  held  apart  by  means  of  the  sutures.  Mules’s 
sphere  was  introduced  into  the  capsule  of  Tenon  without  any  difficulty; 
opposite  recti,  with  the  conjunctiva,  were  then  united  across  it  by  passing 
one  of  the  ligatures  through  the  opposite  tendon,  the  other  ligature  being 
then  i amoved.”  This  operation  has  been  practiced  by  Lang,  who  unites 
Tenon’s  capsule  horizontally  by  three  silk  sutures  and  then  sews  the  con- 
1 unetiva  separately.  Other  modifications  have  been  made  by  Morton,  of 
Minneapolis,  and  Oliver,  of  Philadelphia.  The  sphere  can  be  made  of  glass, 
celluloid,  silver,  or  gold.  Fenestrated  aluminum  spheres  were  proposed  by 
Bryant,  of  Omaha. 
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Immunity  to  Sympathetic  Ophthalmitis. — The  comparative  value  of 
these  operations  cannot  be  determined  with  accuracy,  but  this  much  is 
certain:  that  enucleation  is  a surer  preventive  of  sympathetic  disease  than 
is  any  other  operation.  Recently  (1908)  Gifford  has  collected  16  cases  of 
sympathetic  ophthalmitis  after  Mules’s  operation,  9 cases  after  ordinary 
evisceration,  and  3 cases  after  Frost’s  operation. 

As  regards  sclero-optic  neurectomy,  Hall  claims  the  following  advan- 
tages: “1.  The  volume  of  the  pad  due  to  the  preservation  of  a considerable 
amount  of  tissue.  2.  The  extensive  movement  of  the  pad  owing  to  the 
muscular  attachments  being  left  undisturbed.  3.  The  slight  risk  of  para- 
lyzing the  muscles  during  the  operation,  through  injury  to  the  third  and 
sixth  nerves.  4.  The  absence  of  any  tendency  to  sympathetic  disease  of 
remaining  eye,  on  account  of  removal  of  the  ciliary  region  in  front,  and 
the  sclero-neural  connection  behind.” 

The  Advantages  of  Mules’s  Operation  versus  Enucleation  have  been 

presented  by  Bickerton  as  follows: — 


Enucleation. 

1.  Complete  removal  of  the  globe  and  its 

contents. 

2.  No  stump;  therefore  sunken  eye. 

3.  Disturbance  of  all  muscular  relations 

and  arrest  of  movement. 

4.  A fixed,  staring  eye  attracting  atten- 

tion. 

5.  Patient  shuns  society. 

6.  Arrested  development  of  orbit  in  case 

of  children. 


Mules ’s  Operation. 

1.  Retention  of  the  frameworks  of  the 

eye. 

2.  A firm,  round  globe  forming  perfect 

support  for  an  artificial  eye. 

3.  Perfect  harmony  of  muscular  move- 

ments retained. 

4.  Fitted  with  a selected  eye,  it  defies 

detection. 

5.  No  qualms  as  to  personal  appearance. 
G.  No  interference  with  growth  of  rrbic. 


OCULAR  PROSTHESIS. 

The  insertion  of  an  artificial  eye  to  cover  the  defect  caused  bv  atrophy 
or  deformity  of  the  globe,  or  after  an  operation  or  'he  eyeball,  is  called 
ocular  prosthesis. 

After  an  enucleation  or  one  of  its  substitutes  has  been  made,  it  is  advis- 
able that  the  patient  should  wear  an  artificii  1 eye.  This  should  be  inserted, 
and  worn  daily,  as  soon  as  the  tissues  will  tolerate  its  presence.  If  an 
enucleation  has  been  made,  there  is  offer  marked  sinking  of  the  soft  parts  at 
the  base  of  the  orbit.  To  obtain  the  b.  st  cosmetic  result,  under  these  cir- 
cumstances, the  artificial  eye  should  ce  of  considerable  thickness  and  should 
be  fitted  accurately  to  the  soft  parts.  Formerly,  when  artificial  eyes  of  a 
shell  form  were  worn,  the  cosmetic  results  of  an  enucleation  were  often 
unsatisfactory.  Since  the  advent  of  the  thick,  or  “reform,”  eyes  the  results 
have  been  much  more  tat  sfactory.  After  a Mules  operation  only  the  shell 
form  of  artificial  eye  is  necessary. 

To  insert  a i artificial  eye  the  patient  should  raise  the  upper  lid,  rest- 
ing the  hand  fiat  upon  the  forehead;  then  the  eye  is  pushed  beneath  the 
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upper  lid  and,  while  held  in  this  position,  the  lowfer  lid  is  pulled  downward, 
thus  admitting  the  eye  to  the  socket.  Insertion  of  the  eye  will  be  facilitated 
by  smearing  it  with  white  vaselin.  To  remove  an  artificial  eye  the  lower 
lid  is  to  be  pulled  downward;  then  the  head  of  a pin  or  the  small  end  of  a 
bodkin  is  passed  beneath  the  lower  edge  of  the  eye;  gentle  traction  will  now 
lift  the  eye  from  its  bed  and  it  can  be  caught  in  the  hand. 


A B 


Fig.  357. — Operation  for  support  of  an  artificial  eye.  (Fox 

A,  Sphere  in  position.  B,  Conformer.  (The  dotted  lines  show  the  dikv.-ei*’; 
sizes  of  conformer.) 


The  artificial  eye  should  be  removed  before  retiring  It  should  be 
wiped  dry,  but  should  not  be  placed  in  water,  since  s tdcen  changes  in  tem- 
perature will  produce  minute  fissures.  The  duration  of  the  life  of  an  eye 
is  about  two  years.  When  it  becomes  eroded  it  should  be  superseded  by  a 
new  one.  The  best  eyes  are  made  of  glass.  Cell  iloid  eyes  are  cheaper,  but 
are  not  satisfactory.  If  the  socket  becomes  irritated,  the  eye  should  not 


C 

Fig.  358. — Maxwell’s  operation  for  cicatricial  orbit. 

be  wen*  hr  a day  or  two  and  antiseptic  washes  should  be  used.  It  is 
necessary  that  the  eye  shall  fit  properly.  Improperly  fitted  eyes  may  cause 
sympathetic  irritation  or  inflammation. 

Operation  for  the  Better  Support  of  an  Artificial  Eye.— Fox  has  de- 
vised the  following  operation  for  the  better  support  of  an  artificial  eye  in 
cases  where  an  enucleation  has  been  made  at  some  previous  time : An 
incision,  slightly  less  in  extent  than  the  diameter  of  the  gold  ball  to  be 
inserted,  is  made  through  the  conjunctiva  and  tissues  of  the  orbit.  The 
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upper  lid  of  the  conjunctiva  is  raised,  and,  with  sharp-pointed  curved 
scissors,  the  conjunctiva  and  such  connective  tissues  as  lie  close  to  it  are  dis- 
sected  off  in  all  directions  around  the  incision,  making  a pouch  m o w ic  1 
the  glass  ball  will  fit.  The  edges  of  the  conjunctiva  are  brought  together 
over  the  ball  and  are  held  by  five  or  six  stitches.  The  sphere  is  retained  m 
position  bv  a shell,  or  “conformer,”  which  is  left  in  place  for  twenty-four 
hours.  In  a few  days  the  artificial  eye  is  fitted  and  can  be  worn  with  com 
fort.  Such  objectionable  features  as  retained  secretion,  immobility,  and 
sunken  appearance  are  removed  by  this  operation.  ^ 

Injection  of  Paraffin  after  Enucleation  has  been  practiced  by  Ramsay 
of  Glasgow  The  enucleation  is  made  as  in  the  ordinary  manner  except 
that  each  rectus  tendon  is  sutured  to  the  conjunctiva  before  the  mus- 
cle is  severed  from  the  eyeball.  After  removal  of  the  eye  the  capsule 
of  Tenon  is  packed  with  gauze  while  a purse-string  suture  is  inserted  into 
the  conjunctiva.  The  gauze  is  then  removed  and,  while  the  recti  muse  es 
are  put  on  the  stretch,  melted  paraffin  is  injected  into  the  space  former  y 
occupied  by  the  globe.  The  muscles  are  united  by  catgut  sutures,  the  con- 
junctival suture  is  tied,  and  a bandage  is  applied.  The  result  is  a movable 
stump  on  which  the  artificial  eye  can  be  fitted.  Ramsay  reports  4 failures 

in  22  cases.  ^ 

Operations  for  Prosthesis  in  Cicatricial  Orbit.— Occasionally  cases  occui 

in  which,  owing  to  lime  burns,  trachoma,  etc.,  cicatricial  bands  prevent  the 
insertion  and  wearing  of  an  artificial  eye.  Operations  for  the  relief  of  this 
condition  are  numerous  and  most  of  them  are  unsatisfactory  Incnaions  co 
no  permanent  good.  Lining  of  the  enlarged  cavity  with  half-skm  flap 
(Thiersch  flaps  cut  very  thick)  has  given  fair-results.  _ 

Maxwell’s  Operation  has  given  fair  results.  It  consists  m ma..mg 
sulcus  to  hold  the  artificial  eye  by  turning  a piece  of  skin  from  the  ciee 
into  a lower  fornix.  Incisions  are  made  (.4,  B,  C,  in  s.  ■■)  n'ou-“ 
the  skin.  This  area  is  dissected  except  that  a centra  part— include 
within  the  dotted  lines— is  untouched.  The  incision  A B is  connected 
with  the  cut  E,  F,  made  from  within  the  socket.  The  flap  is  pushed 
through  this  incision ; A B is  stitched  to  E F,  ami  A C B is  sutured  to  E 
I)  F.  The  incision  in  the  socket  should  bo  as  long  as  the  space  wi  permi  , 
and  the  skin-flap  should  be  much  longer  than  this.  The  attached  pa  o 
the  flap  (bounded  by  dotted  lines)  should  be  as  long  as  the  incision  m 

the  socket, 
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The  orbit  is  subject  to  congenital  anomalies,  tumors,  inflammations, 
and  injuries. 

CONGENITAL  ANOMALIES. 

Congenital  anomalies  of  the  orbit  are  found  as  various  degrees  of  altera- 
tion in  the  size  and  shape  of  this  cavity,  with  a corresponding  influence  upon 


the  orbital  contents.  Tie  defect  may  be  unilateral  or  bilateral;  or,  falling 
within  the  field  of  t >ratclogy,  all  degrees  of  anterior  dichotomy  or  of  fusion 
may  result  in  the  formation  of  one,  three,  or  four  orbits. 

A two-head ?d  monster  would,  of  course,  have  four  orbits.  A double- 
faced  monste.  may  have  four  or  three  according  to  the  degree  of  duplication. 

Cyclc^a  is  a condition  in  which  there  is  but  one  orbit  and  a single 
eyeball  The  orbit  is  usually  large  and  quadrangular,  and  is  situated  at 
the  root  of  the  nose.  Immediately  above  is  generally  a proboscis.  The 
eyeball  may  be  perfectly  single  or  may  show  degrees  of  doubling.  The  older 
theory  for  this  condition  is  that  of  GeoflToy  St.  Hilaire,  who  believed  that 
the  rudiments  of  twm  orbits  at  first  distinct  had  fused  in  the  process  of 
development.  Hirst  and  Piersol  believe  it  to  be  an  arrest  of  development 
of  the  anterior  cerebral  vesicle.  According  to  these  authors,  there  is  nor- 
mally at  first  material  for  but  one  eye,  which  is  later  differentiated  into  two. 
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The  superior  orbital  wall  is  sometimes  almost  vertical,  the  cavity  then 
being  abnormally  shallow,  the  eyeball  proptosed,  and  its  movements  much 
limited.  An  acquired  anomaly,  of  the  size  and  shape  of  the  orbit,  of  this 
character  is  found  in  those  cases  in  which  the  eyeball  has  been  removed  01 
destroyed  in  infancy  or  in  early  childhood.  As  the  orbit  develops  pan 
passu  with  and  in  proportion  to  the  development  of  its  contents,  a loss 
of  the  latter  is  accompanied  bv  a cessation  of  the  former.  The  orbit  remains 
small,  tends  to  become  horizontally  slit-like,  and  the  face  develops  asym- 
metrically. . 

The  Orbital  Contents  may  be  congenitally  defective  or  deficient,  the 

eyeball  may  be  abnormally  small— a condition  known  as  microphthalmos; 
or  it  mav  be  entirely  absent,  the  anomaly  then  being  anoplitlialmos. 

Buphthalmos,  or  enlargement  of  the  eyeball,  is  a condition  the  start 
or  origin  of  which  is  undoubtedly  intra-uterine,  although  it  is  frequently  not 


Fig.  360. — Anoplithalmos.  (Author.) 


noticeable  or  pronounced  until  some  time  after  birth.  Then  there  is  a slow 
but  progressive  enlargement,  with  flattening  of  the  cone,  and  consueia  e 
increase  in  its  diameter.  As  a result  of  distension  and  high  intra-ocular 
tension  all  of  the  sustaining  and  intra-ocular  tissues  suffer  atrophy,  soften- 
ing and  degeneration.  The  treatment  is  that  for  glaucoma,  but  the 
prognosis  is  unfavorable,  most  of  these  eyes  eventually  becoming  blind. 

° Microphthalmia  eyes  may  be  small,  but  otherwise  normal ; or  they  may 
be  cystic,  one  or  more  cysts  being  present  as  the  result  of  imperfect  closure 
of  the  fetal  fissure.  These  cysts  are  therefore  always  situated  below,  and 
may  extend  for  some  distance  even  into  the  lower  lid. 

Anophthalmos. — About  one  hundred  true  cases  of  congenital  absence 
of  one  or  both  eyes  have  been  reported.  While  the  condition  is  recognized 
clinically,  in  a strict  pathologic  sense  it  rarely,  if  ever,  exists.  Cases- of  is 
anomaly  which  have  been  subjected  to  anatomic  examination  have  generally 
shown  the  presence  of  rudimentary  eyes.  Ten  cases  are  on  record  m which 
careful  dissection  failed  to  show  any  trace  of  an  eyeball.  The  condition  is 
often  associated  with  the  presence  of  an  orbito-palpebral  cyst.  In  cases 
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described  clinically  as  unilateral  anophthalmos  the  eye  which  is  present  may 
be  normal,  microphthalmic,  nystagmatic,  highly  hypermetropic,  or  colobom- 
atous  in  its  iris  and  chorioid.  The  lids  are  generally  well  formed,  but 
may  be  small  and  adherent  at  their  margins.  The  orbits  are  often  smaller 
than  normal.  The  lacrimal  glands  are  generally  present.  The  puncta  and 
canaliculi  may  be  absent.  Frequently  the  rudimentary  eye  can  be  felt  as  a 
small  mass  deeply  placed  in  the  orbit.  Yon  Hippel  has  collected  87  cases 
of  anophthalmos : i.e absence  of  one  or  both  eyes  without  discernible  cyst 
formation  or  other  evidences  of  a rudimentary  eyeball.  Of  these,  64  were 
bilateral  and  23  were  unilateral. 

Additional  congenital  defects  such  as  harelip,  cleft  palate,  or  super- 
numerary digits  are  at  times  noted  in  children  born  anophthalmic,  but  as 
a rule  such  children  are  otherwise  well  formed.  The  extra-ocular  muscles 
are  generally  found  in  a more  or  less  developed  condition ; the  optic  nerve, 
rudimentary  of  course,  may  be  found  terminating  in  the  optic  foramen, 
or  the  optic  nerve,  chiasm,  optic  tract,  and  the  external  geniculate  body 
may  be  absent,  as  in  a case  described  by  Yan  Duyse. 

The  Ocular  Muscles  may  be  anomalous  in  origin,  insertion,  ur  in  struc- 
ture. One  or  more  may  be  entirely  absent.  A corresponding  lo  ,s  of  func- 
tion will  then  exist. 

Congenital  Cysts  of  the  Orbit  are  generally  dernmi:*  in  character,  due 
to  a fetal  invagination  of  epithelial-producing  cells.  They  lie  against  the 
orbital  periosteum,  often  in  a little  depression  which  they  have  made  for 
themselves.  While  the  most  common  location  r perhaps  the  nasal  side, 
they  have  been  found  in  all  situations,  with  greater  frequency,  however,  in 
and  out.  They  are  smooth,  have  no  very  fixed  attachments,  and  upon  palpa- 
tion their  cystic  nature  can  usually  be  nmdp  out.  Before  operating  for  their 
removal  it  is  very  important  to  diagnose  them  differentially  from 

Meningocele  and  Encephalcoele,  which  may  be  present  in  the  orbit. 
These  two  conditions  are  also  congenital.  The  first  is  a prolapse,  or  hernia, 
of  the  meninges  with  cerebrospinal  fluid  contents,  projecting  through  a 
breach  in  the  retaining  skull-wall.  The  second  is  the  same  with  the  addi- 
tion of  brain-substance  prolapsing  within  the  meningeal  sac.  The  bony 
defect  is  in  the  line  of  a suture.  It  generally  involves  the  junction  of  the 
ethmoid  and  the  ^luntal  bone,  the  tumor  then  presenting  at  the  upper  inner 
orbital  angle  *V  cry  rarely  a posterior  orbital  meningocele  or  encephalocele 
presents  near  Ihe  apex  of  the  orbit.  Its  diagnosis  without  exploratory 
operation  n impossible.  The  following  points  must  be  observed:  Meningo- 
cele and  encephalocele  are  often  reducible,  and  after  reduction  the  bony 
margin  of  the  aperture  through  which  they  came  can  be  felt.  Pulsation 
am  hemic  sounds  can  be  elicited.  The  size  and  tension  of  these  protru- 
sions are  variable,  depending  upon  varying  blood-pressure  within  the  cra- 
nium. A dermoid  cyst  will  present  none  of  these  phenomena.  A meningo- 
cele may  become  constricted  and  its  neck  obliterated,  leaving  a complete 
cyst  with  cerebral  fluid  contents  within  the  orbit. 
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Treatment. — Non-interference  must  be  observed  in  the  treatment  of 
meningocele  and  encephalocele.  The  treatment  of  orbital  cysts  is  referred 
to  on  page  628. 

TUMORS  OF  THE  ORBIT. 

Modem  pathology  lias  restricted  the  term  “tumor”  within  narrower 
limits  than  have  been  generally  recognized  by  authors  of  text-books  on 
ophthalmology'.  Senn  defines  a tumor  as  a localized  increase  of  tissue,  the 
product  of  tissue-proliferation  of  embryonic  cells,  of  congenital  or  post- 
natal origin,  produced  independently  of  microbic  causes.  This  definition 
excludes  inflammatory  swellings.  It  also  excludes  cysts,  which  are  the 
abnormal  dilations  of  pre-existing  tubes  or  cavities.  Dermoid  cysts  and 
dermoid  tumors  are  to  be  classified  as  teratomata,  or  aggregations  composed 
of  various  tissues,  organs,  or  systems  of  organs  which  do  not  normally  exist 
where  found.  The  sharp  line  drawn  is  of  importance,  for,  while  an  in- 
flammatory swelling  may  cause  many  or  all  of  the  clinical  symptoms  pro- 
duced by  a tumor,  it  may  be  amenable  to  internal  medication.  It  is  said, 
however,  that  no  authentic  case  of  a neoplasm  being  so  influenced  is  on 
record.  Exception  might  now  be  taken  to  this  statement  in  view  of  Weeks’s 
observation  that  lymphomata  have  been  seen  to  reduce  or  even  disappear 
under  certain  medication  (see  page  625).  This  section  will  comprise  only 
the  true  tumors.  In  a case  of  orbital  tumor  it  is  desirable  to  determine 
the  origin  of  the  tumor  or  that  tissue  affected;  the  nature  of  the  growth, 
its  malignancy  or  its  innocence,  and  the  extent  to  which  the  adjac n 
structures  have  become  involved,  either  mechanically  or  by  infiltration. 

Etiology  and  Location. — Tumors  originating  primarily  in  the  orb  t ere 
comparatively  rare,  but  invasion  of  the  orbit  by  neoplasms  originating  in 
the  sinuses  and  cavities  of  the  head  markedly  increases  the  percentage  of 
orbital  disease  of  this  character.  C.  0.  Weber,  in  an  analysis  of  1013  cases 
of  tumor,  found  41  affecting  the  eyes  and  orbit,  217  affecting  the  organs 
of  the  mouth  and  the  maxillary  bones,  and  56  affecting  the  nose,  pharynx, 
and  antrum  of  Highmore.  A certain  number  of  these  extra-orbital  tumors 
necessarily  found  their  way  into  the  orbit.  Billroth  has  reported  18  orbital 
tumors  in  a series  of  217  growths  occurring  ir  the  region  of  the  head. 

Of  100,000  cases  of  eye  disease  treated  at  the  New  York  Eye  and-  Ear 
Infirmary  from  1897  to  1900  inclusive,  tl  ere  were  but  24  cases  of  primary 
tumor  of  the  orbit  (Weeks).  Schaaf  (Parsons)  found  46  cases  of  orbital 
tumor  among  40,415  patients,  at  the  Giessen  clinic  during  twelve  years.  Of 
these,  12  were  primary  growths  derived  from  the  orbital  walls  or  contents 
other  than  the  eyeball.  In  the  last  few  years  the  use  of  the  Roentgen  ray 
has  done  much  for  the  m me  ready  determination  of  the  extent  and  oiigin 
of  some  tumors,  espec  lafy  hose  of  the  bones.  A skiagraphic  comparison  of 
the  two  sides  of  the  head  will  often  show  an  increase  of  the  size,  and  altera- 
tion in  the  shape,  of  the  individual  bones  affected.  A tumor  pushing  into 
the  orbit  will  displace  the  eyeball  in  front  of  it.  The  direction  of  the  dis- 
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placement  of  the  globe  is  therefore  of  diagnostic  value.  Displacement  di- 
rectly forward,  due  to  a tumor,  is  indicative  of  a location  within  the  muscle- 
cone  (Berry).  Mobility  in  toto,  if  elicited,  is  evidence  presumptive  that 
the  tumor  is  not  of  the  orbital  wall.  Pulsation , when  present,  is  an  im- 
portant symptom,  and  shows  that  we  have  a vascular  growth  to  deal  with. 
It  is  often  difficult  definitely  to  localize  the  pulsation  within  the  tumor,  and 
care  must  be  taken  not  to  mistake  for  tumor  an  aneurismal  disturbance 
within  the  orbit  accompanied  by  exophthalmos.  A vascular  pulsating  tumor 
may  be  reduced  in  size,  but  not  completely  obliterated,  by  pressure  and  tem- 
porary obstruction  of  the  circulation.  An  aneurism,  by  similar  procedures, 
will  suffer  a much  greater  reduction  in  size. 

Innocence  or  Malignancy. — Of  greatest  importance  to  the  patient  is 
the  question  of  malignancy.  It  is  an  accepted  fact  that,  the  more  rapid 
the  growth  of  a tumor,  the  more  malignant  it  is.  The  clinical  features 
of  benign  tumors  are : they  grow  slowly ; they  are  encapsulated^  and  because 
of  this  they  are  more  or  less  mobile.  They  do  not  infiltrate,  do  not  ’nfect 
the  lymph-glands,  do  not  recur  after  complete  removal,  do  not  <ri ; e rue  to 
metastasis,  and  they  endanger  life  only  indirectly.  On  the  other  hand, 
malignant  tumors  grow  rapidly ; they  have  no  limitation,  but  infiltrate  sur- 
rounding tissues ; and,  because  of  this  unbounded  infi1  .ration,  infection 
takes  place,  which  may  be  local  or  general.  They  are  immobile  independ- 
ently of  the  surrounding  infiltrated  tissues.  They  r^cur  after  removal,  and 
inherently  tend  to  destroy  life.  Metastasis  belongs  xo  malignant  tumors, 
and  shows  the  tumor  to  be  no  longer  a purely  local  condition,  as  it  was  at 
first,  but  that  the  disease  has  become  gem  al  owing  to  infection.  Sutton 
calls  attention  to  the  facts  that  innocerc  tumors  are  apt  to  be  multiple; 
that  sarcoma  occurring  in  a paired  organ  is  likely  to  arise  concurrently  in 
the  fellow-organ;  and  that  the  occurrence  of  two  primary  carcinomata  in 
the  same  individual  is  exceedingly  ra^e. 

Symptoms. — The  symptmi  s of  orbital  tumor  are  those  due  to  pressure 
and  destruction  previouslv  described.  Pain  may  or  may  not  be  severe, 
depending  upon  the  amount  of  pressure,  direct  or  indirect,  upon  the  sensory 
nerves.  Naturalhg  e:\ophihalmos  is  a very  constant  and  important  objective 
symptom.  Diplopm  is  often  the  first  indication  of  the  growth,  and  should 
always  be  regarded  with  suspicion  when  its  cause  is  not  apparent.  Late 
blindness  is  io  re  expected  in  probably  the  majority  of  orbital  tumors. 
Early  blindness  is  suggestive  of  primary  involvement  of  the  optic  nerve  or 
the  pen"  iwound  the  optic  foramen. 

Lmgnosis  and  Treatment.— From  what  has  been  said  it  will  be  seen 
that  the  diagnosis  of  an  orbital  tumor  as  to  character,  location,  and  extent 
determines  the  prognosis.  The  latter  contemplates,  first,  the  life  of  the 
patient;  and,  second,,  the  preservation  of  vision. 

General  surgical  principles  must  be  thq  guide  for  treatment.  Com- 
plete removal  by  operation  must,  as  a rule,  be  attempted  where  possible. 
Accepting  the  modern  view  that  every  primary  malignant  tumor  is  at  first 
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a purely  local  affection,  the  sooner  removal  is  accomplished,  the  better. 
Furthermore,  a benign  tumor  may  destroy  sight  quite  as  readily  as  one 
which  is  malignant;  it  is  well,  therefore,  to  minimize  by  early  operation 
the  danger  of  irreparable  damage  from  pressure. 

Senn  places  the  average  duration  of  life  of  persons  suffering  from 
malignant  tumors  of  all  kinds,  without  surgical  interference,  at  about  three 
years.  Bearing  this  in  mind,  certain  cases  having  also  other  inherently 
fatal  diseases  might  advantageously  be  spared  an  operation. 

• All  tumors  must  be  completely  removed  with  a view  to  preventing  a 
probable  return.  Removal  of  the  tumor  alone,  when  possible,  wall  suffice 
for  those  which  are  benign.  Malignant  tumors  are  more  safely  removed 
with  all  of  the  orbital  contents.  The  best  results  claimed  by  general  sur- 
geons for  operation  for  malignant  tumors  vary  from  15  to  25  per  cent,  of 
permanent  recoveries. 

Tumors  situated  deep  in  the  orbit  may  sometimes  be  removed  by  an 
osteoplastic  operation  without  undue  destruction  of  the  remaining  orbital 
structures,  after  the  method  of  Kronlein,  which  will  be  described  later. 

The  x-ray  therapeutically  used  may  be  a valuable  adjunct  in  the  treat- 
ment of  orbital  tumors.  After  surgical  removal  of  malignant  tumors,  the 
cicatrices  and  remaining  tissues  should  be  subjected  to  the  x-ray  in  the 
hands  of  a skillful  and  intelligent  operator  with  a view  toward  preventing 
recurrence.  If  the  diagnosis  of  an  orbital  growth  is  in  doubt,  and  there 
is  reason  to  believe  that  it  may  be  syphilitic,  a rapid  mercurialization,  fol- 
lowed by  large  and  increasing  doses  of  potassium  iodid,  should  be  instituted 
before  surgical  procedure.  Care  and  judgment  must  be  exercised,  hew  wer, 
lest  we  lose  time  unnecessarily  when  we  are  dealing  with  a true  malig  ua.it 
neoplasm.  A Wassermann  reaction  should  be  obtained  in  all  of  these  cases, 
as,  aside  from  its  positive  or  negative  value,  it  is  distinctly  useful  in  for- 
tifying the  surgeon  with  a fuller  knowledge  of  his  patient 

Varieties  of  Tumors. — The  individual  tumors  which  >re  found  in  the 
orbit  may  be  divided  histologically  into  (1)  those  composed  of  connective- 
tissue  elements,  and  (2)  those  composed  of  epithelial  elements.  The  more 
common  connective-tissue  tumors  are  lipoma,  cl. on  aroma,  osteoma,  sarcoma, 
neuroma,  and  angioma.  The  epithelial  ti  mors  are  papilloma  (cutaneous 
horns),  adenoma,  carcinoma  (cancer),  and  squamous  carcinoma  (epi- 
thelioma) . 

A more  practical  classification  from  a clinical  standpoint  is  according 
to  the  structures  from  which  they  anse.  Thus,  Parsons  divides  them  into 
(1)  those  arising  from  the  oibAal  contents,  and  (2)  those  arising  from  the 
walls  of  the  orbit.  In  the  first  class  he  places  hemangioma,  lymphangioma, 
lipoma,  fibroma,  lymphoma  neuroma,  and  sarcoma,  including  endothelioma. 
In  the  second  class  Ik  places  osteoma,  and  secondary  growths  originating 
in  the  frontal,  ethmoidal,  and  sphenoidal  sinuses,  etc. 

Lipoma. — The  general  characteristics  of  lipomata  are  that  they  are 
■encapsulated,  frequently  lobulated,  and  sometimes  congenital.  They  grow 
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slowly  and  are  benign.  Billroth  found  that  in  a number  of  instances  they 
are  symmetrical,  and  like  other  benign  tumors,  as  noted  by  Sutton,  are 
multiple.  Certain  varieties  (lipomata  telangiectodes)  are  very  vascular 
and  some  contain  blood-channels  (lipomata  cavernosa).  Although  the  orbit 
contains  a large  amount  of  fat,  lipomata  arising  actually  within  the  orbit 
are  exceedingly  rare.  In  considering  lipoma  it  should  be  remembered  that 
in  Basedow’s  disease  the  orbital  fatty  tissue  sometimes  undergoes  a general 
hypertrophy.  Such  an  hypertrophy  may  also  be  secondary  to  an  angioma, 
as  was  the  condition  in  a case  of  angioma  lipomatodes  reported  by  Knapp. 

Angioma. — An  angioma  is  a tumor  composed  entirely  of  newly  formed 
blood-vessels.  Dilations,  enlargements,  and  communication  of  pre-exist- 
ing blood-vessels  must  be  excluded,  as  are  all  aneurisms  or  varicose  veins. 
Depending  upon  the  character  of  blood-vessels  of  which  they  are  composed, 
there  are  three  varieties  of  angioma,  viz. : capillary,  cavernous,  and 
plexiform. 

Capillary  Angiomata,  simple  nevi,  or  mothers5  marks,  are  alwa)  ^ con- 
genital, % and  show  a predilection  for  the  skin  of  the  face  around  <ne  crbit. 
They  differ  in  color,  depending  upon  whether  the  blood-vessel®  are  super- 
ficially or  deeply  situated  (Billroth).  The  consistence  is  deter  mined  by  the 
relative  amount  of  connective  tissue  present.  Those  angiomata  having  but 
little  connective  tissue  are  soft  and  easily  compressible,  v.'tiTe  those  rich  in 
connective  tissue  are  quite  firm  and  resistant. 

Cavernous  Angiomata  contain  irregular  commi  nicating  blood-spaces. 
They  occur  an  where  within  the  orbit,  a favo  *ite  site  being  behind  the  eye- 
ball, within  the  muscle-cone.  They  are  larger  and  more  dangerous  than 
the  capillary  variety,  and  have  a tendency  to  progress.  They  may  be  con- 
genital or  may  occur  at  any  time  during  life. 

Plexiform  Angiomata  consist  of  a number  of  tortuous  blood-vessels 
which  are  parallel  one  with  anot her  They  may  be  composed  of  arteries, 
veins,  or  both.  Pulsation  is  generally  present.  If  the  tumor  rests  against 
the  orbital  wall,  the  underlying  bone  may  be  absorbed. 

Diagnosis. — All  hlood-iumors  are  more  or  less  reducible  upon  pressure. 
Bruit  and  pulsation  are  generally  present  in  cavernous  and  plexiform 
angiomata.  These  two  varieties  are  also  increased  in  size  by  all  actions 
which  tend  to  raise  the  blood-pressure,  such  as  crying,  laughing,  straining, 
etc.  The  caplin  ry  angiomata  around  the  orbit  are  generally  found  on  the 
lids  or  near  the  orbital  margin,  and  are  readily  recognized.  The  differential 
diagnos  e between  a true  angioma  and  an  aneurismal  condition  deep  in  the 
orbit  umv  be  impossible. 

Prognosis. — Angiomata,  as  a rule,  are  benign  tumors.  They  may, 
however,  be  transformed  into  sarcomata  of  a most  malignant  type.  They 
■frequently  enter  into  combination  with  other  tumors,  supplying  the  vascular 
elements  and  making  the  condition  more  serious  than  were  either  tumor 
alone  present.  Such  combinations  are  angiolipoma,  angiofibroma,  angio- 
adenoma,  angiosarcoma,  and  angiocarcinoma.  They  may  occasionally  dis- 
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appear  spontaneously  after  obliterative  inflammation.  On  the  other  hand, 
inflammation  of  a cavernous  or  plexiform:  angioma  may  give  rise  to  septic 
thrombophlebitis  and  death  from  pyemia.  Pressure  of  an  orbital  angioma 
might,  of  course,  readily  destroy  vision,  and  an  erosion  of  bone  might  result 
from  a pulsating  tumor. 

Treatment. — If  it  can  be  done,  excision  is  the  treatment  par  excellence 
for  angiomata.  This,  in  deep-seated  orbital  angiomata,  is  often  impossible 


Fig.  361. — Fibrosarcoma  of  the  orbit.  (Wilson.) 


without  an  amount  of  destruction  which  might  be  considered  scarcely  justi- 
fiable in  dealing  with  a tumor  the  natural  tendency  of  which  is  innocent. 

Such  means  as  will  cause  coagulation  of  the  blood  and  obliteration  of 
the  tumor  are  to  be  considered.  With  these  comes  the  great  danger  of 
septic  thrombophlebitis.  As  coagulating  injections  should  never  be  em- 
ployed without  ligature,  their  use  in  the  treatment  of  orbital  angiomata  is  to 
be  condemned.  Kepeafeo.  electrolysis  is  of  value  in  the  treatment  of  super- 
ficial angiomata,  end  might  be  successfully  tried  in  certain  of  the  more 
deeply  situated  ores.  Ignipuncture,  or  pimeture  with  a red-hot  Paquelin 
cautery-needle,  is  excellent  treatment  for  superficial  angiomata  which  are 
readily  accessible  to  the  needle. 
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Ligation  of  the  arteries  supplying  the  tumor,  or  of  the  main  trunks 
going  to  the  part  of  the  body  containing  the  tumor,  has  not  proven  satis- 
factory. The  collateral  circulation  soon  causes  a return  of  the  growth.  In 
excising  an  angioma  care  should  be  taken  not  to  cut  into  the  tumor,  as 
troublesome  hemorrhage  is  apt  to  follow  such  a procedure. 

Lymphangioma  is  a tumor  composed  of  lymphatic  vessels.  It  is  gen- 
erally congenital,  and  tends  to  grow  after  birth.  It  contains  more  con- 
nective tissue  than  does  an  angioma,  and  is  consequently  more  firm.  Clinic- 
ally it  presents  many  of  the  characteristics  of  angioma.  Its  occurrence  in 
the  orbit  is  very  rare,  there  being  but  five  cases  on  record  (Parsons,  1905). 
The  prognosis  is  not  favorable. 


Fig.  362. — Orbital  tumor  in  a rac'1  uf  sarcomatosis.  (W.  T.  Shoemaker.) 

Chondroma,  or  Enchondi  ma,  is  a tumor  composed  of  hyalin  cartilage. 
It  is  one  of  the  most  benign  tumors,  grows  very  slowly,  and  is  so  perfectly 
encapsulated  that  it  is,  a:  a rule,  easily  removed  surgically.  Its  occurrence 
in  the  orbit  is  very  rt  re.  in  which  case  it  may  be  found  in  the  orbital  cellular 
tissue,  or  with  greater  frequency  in  the  lacrimal  gland.  Clinically,  it  is 
hard  and  firm,  and  may  be  taken  for  osteoma.  If,  as  enchondromata 
sometimes  d\  the  tumor  should  undergo  mucoid  degeneration,  a point  of 
differential  diagnosis  between  it  and  an  osteoma  would  be  the  fluctuation 
in  the  degenerated  mass.  An  enchondroma  is  usually  unaccompanied  by 
pain,  it  is  a tumor  of  childhood  or  of  early  adult  life. 

Lymphoma. — According  to  Parsons,  these  tumors  are  of  uncertain 
I ological  significance,  and  have  been  variously  referred  to  as  lym- 
phadenomata,  leukemic  tumors,  chloromata,  etc.  They  are  generally  sym- 
metrical and  are  at  times  associated  with  enlargement  of  lvmph-glands  in 
■other  parts  of  the  body.  Blood-changes  have  also  been  found  in  many  of 
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the  eases.  Weeks  calls  attention  to  the  use  of  orseim,  mercury,  and  the 
iodids  in  the  treatment  of  these  tumors,  and  states  that  they  have  been 
observed  to  become  reduced  in  size  or  disappear  under  such  medication. 

Sarcoma— Several  varieties  of  sarcoma  may  occupy  the  orbit,  such  as 
fibrosarcoma,  myxosarcoma,  cystosarcoma,  osteosarcoma,  cylindroma,  plexi- 
form  sarcoma,  and  melanosarcoma.  The  individual  embryonal  connective- 
tissue  cells  may  be  round  or  spindle-shaped.  Of  all  tumors  occurring 
primarily  in  the  orbit,  sarcomata  are  the  most  frequent,  the  most  malignant, 
and  the  most  certain  eventually  to  destroy  life. 

As  to  the  frequency  of  orbital  sarcoma,  Hartndge  estimates  1 to  10,000 
cases  of  eye  affections,  and  Lagrange  estimates  1 to  1500.  Parsons  thinks 
that  Hartridge’s  estimation  is  probably  more  nearly  correct.  Parsons, 
furthermore,  says  that  young  individuals  are  predisposed,  there  is  no 
evidence  of  sex  predisposition,  hereditary  influence  is  not  marked  and 
that  traumatism  is  probably  of  no  etiological  moment.  Those  without 
capsules  rapidly  infiltrate,  and  cause  more  or  less  immobility  of  the  eye- 
ball The  encapsulated  tumors  grow  more  slowly  and  are  more  amena  > e 
to  surgical  interference.  Sarcomata  are  generally  of  rapid  growth,  often 
attaining  great  size,  and  give  rise  to  pain.  They  are  firm,  rather  uneven 
of  surface,  and  with  few  exceptions  they  are  free  from  pulsation  and  fluctua- 
tion. As  a rule,  the  eyelids  remain  soft  and  free.  They  tend  to  invade 
any  or  all  of  the  surrounding  cavities.  More  often  they  are  intra-orbital 
secondarily  rather  than  primarily.  A primary  sarcoma  of  the  chonoid 
frequently  breaks  through  the  sclera  into  the  orbital  cavity.  Barely  is 
the  eyeball  attacked  secondarily  by  a sarcoma  originating  within  the 
orbit  proper. 

Although  certain  varieties  of  sarcomata  are  more  rapidly  r.estr^uve 
than  others,  notably  the  cylindroma  and  the  melanotic  variety,  they  are  a 
sufficiently  so  to  allow  of  no  temporizing  when  once  the  diagnoL-  has  been 
made,  providing  the  case  is  seen  early.  The  only  possib’e  chance  o 
removal  without  recurrence  is  when  the  tumor  might  be  said  to  be  in  its  m- 
cipiency,  or  when,  according  to  Senn,  the  tumor  is  a purely  local  affection. 
Removal  after  infection  has  taken  place  is  followed  by  recurrence,  which  is 
generally  more  rapid  and  extensive  than  v as  xhc  primary  tumor.  The 
tissue  of  origin  has  been  found  to  be  the  orbits’  fat,  the  capsule  of  Tenon, 
the  episcleral  connective  tissue,  the  periosteum  of  the  orbital  bones  the 
lacrimal  gland,  or  the  sheath  of  the  optic  nerve.  Practically  it  makes  little 
difference  from  what  individual  structure  the  tumor  springs,  as  in  most  cases 
of  true  orbital  sarcoma  complete  erenteration  of  the  orbit  is  indicated. 

Complete  disappearance  of  orbital  sarcoma  without  operation,  by  the 
repeated  application  of  the  x-rays,  has  been  reported  by  L.  Webster  Fox, 
and  de  Schweinitz  stales  that  an  encapsulated  sarcoma  may  occasiona  y 
be  removed  with  preservation  of  the  eyeball. 

The  microscope  alone  will  determine  definitely  the  variety  of  sarcoma 
with  which  we  art.  dealing;  and  even  this  will  often  show  combinations  and 
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arrangements  quite  atypical.  The  melanotic  element  of  a sarcoma  is,  of 
course,  readily  determined. 

Osteosarcomata  encroaching  upon  the  orbit  are,  in  the  majority  of  cases, 
not  limited  to  the  orbital  bones,  but  have  originated  elsewhere  in  the  bones 
of  the  skull,  and  have  an  extensive  distribution. 

Osteoma. — Such  a tumor  is  defined  by  Sutton  as  an  ossifying  chon- 
droma. Lagrange  has  collected  148  cases,  from  an  analysis  of  which 
Parsons  concludes  that  the  tumor  probably  starts  at  the  time  of  ossification 
of  the  orbital  bones.  The  term  should  be  limited  to  a true  tumor,  and 
not  used,  as  is  often  the  case,  to  designate  those  conditions  which,  though 
clinically  similar,  are  pathologically  not  true  tumors.  Exostoses  due  to 
the  ossification  of  existing  previously  normal  structures  or  to  calcification 
of  inflammatory  products  are  histogenetically  not  tumors.  Osteomata  are 
of  two  kinds,  and  structurally  resemble  the  shaft  of  the  long  bones  and 
cancellous  bone-tissue,  respectively.  They  are  thus  compact  or  cancellous. 
They  are  essentially  benign,  but  may  cause  death  or  less  disastrous  results 
mechanically,  attaining  eventually  great  size,  though  growing  ver^  ^lowlv. 
Pain  is  a symptom  only  when  they  press  upon  sensory  nerves  Compact 
osteomata  are  those  found  in  the  orbit.  They  show  a preference  for  the 
frontal  sinus  and  the  upper,  inner  angle  of  the  orbit.  "3  ’he  floor  and  the 
roof  come  next  in  frequency,  but  they  may  occur  in  any  portion  of  the 
orbital  walls.  If  in  the  roof,  the  eyeball  is  pushed  downward.  They  are 
exceedingly  dense,  resembling  ivory.  Their  removal  from  this  situation 
must  be  undertaken  with  great  care,  as  in  the  ope. ’at1  on  the  anterior  cerebral 
fossa  may  be  easily  opened,  with  seriour  consequences.  Their  removal  is 
best  accomplished  by  completely  denude  % the  tumor  of  periosteum,  then 
drilling  through  its  base  a number  of  holes,  after  which  careful  manipula- 
tion with  mallet  and  chisel  will,  m jre  or  less  perfectly,  remove  the  growth. 

The  diagnostic  points  of  omomata  are  their  extreme  hardness,  their 
manifest  attachment  to  bone,  perfect  fixity,  absence  of  pain  in  the  tumor 
itself,  and  slowness  of  growth.  Osteomata  originating  in  the  sphenoidal 
sinus  tend  to  extend  backwn  rd  into  the  cranium.  Some  few  cases  of  osteoma 
exfoliate  spontaneo  asly,  leaving  very  extensive  disfigurement. 

Simple  Neuroma  1 : a tumor  of  very  small  size,  giving  few  or  no  symp- 
toms, and  is  fo  md  very  rarely  in  the  orbit. 

Plexifom  Neuroma. — A plexiform  neuroma  is  a benign  tumor  com- 
posed essentially  of  an  overgrowth  of  the  connective  tissue  of  a nerve-sheath. 
More  especially  is  the  endoneurium  involved.  Thus  the  tumor  lies  along  a 
nerve-trunk  or  in  a plexus  of  nerves.  According  to  Alexis  Thomson,  the 
spinai  and  peripheral  nerves  are  the  ones  affected.  Parsons  thinks  it 
doubtful  if  true  neuromata  are  found  in  connection  with  the  optic  and 
olfactory  nerves.  Most  of  the  cases  reported  in  ophthalmic  literature  are 
of  the  lids,  temple,  forehead,  back  of  the  neck,  and  ear.  It  is  of  slow 
growth  and  painless.  In  the  few  cases  found  in  the  orbit,  the  situation 
was  in  the  upper,  outer  angle,  near  the  lacrimal  gland,  displacing  the  eye- 
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ball  downward,  inward,  and  forward.  If  it  is  an  extension  from  a tumor 
lying  in  the  skin  around  the  orbit,  the  diagnosis  can  be  made  with  much 
greater  certainty.  It  should  be  completely  removed,  as  sarcomatous  de- 
generation occurs  in  a small  percentage  of  cases  (Weeks). 

Epithelial  Tumors. — These  are  represented  by  three  great  classes, 
namely : papillomata,  adenomata,  and  carcinomata.  Within  the  orbit  they 
do  not  primarily  occur,  except  adenomata  and  carcinomata  in  connection 
with  the  lacrimal  gland,  conjunctiva,  lids,  or  eyeball,  and  are  therefore  to 
be  considered  in  the  chapters  dealing  with  these  structures.  Secondary 
invasion  of  the  orbit  by  epithelial  cancer  originating  in  the  skin  of  the  lids, 
or  in  one  of  the  adjacent  cavities,  is  not  infrequently  met  with.  The  de- 
struction wrought  is  often  very  great,  as  in  a case  operated  on  m the 
German  Hospital,  in  Philadelphia,  in  which  after  exenteration  the  floor, 
the  roof,  and  the  inner  wall  of  the  orbit  were  found  to  be  destroyed. 

Cysts  of  the  Orbit.— True  cysts  consist  of  an  abnormal  dilation  of  pre- 
existing cavities.  Under  this  restricted  definition  we  find  in  the  orbit : 

1.  Cysts  in  connection  with  certain  bursae  situated  around  the  superior 
oblique  muscle,  where  its  tendon  passes  through  the  trochlea,  and  also 
between  the  levator  palpebrae  and  superior  rectus  muscles.  These  cysts 
have  been  described  as  hygromatous  degeneration  of  the  orbital  bursae 

exudation  cysts.  . 

2.  The  cystic  condition  sometimes  found  in  connection  with  microph- 
thalmos  and  anophthalmos.  Such  cysts  are  situated  in  the  lower  lid  and 
extend  deep  into  the  orbit. 

3.  Retention  cysts,  or  some  of  those  called  by  de  Wecker  follicular  cyst,-, 
are  thought  by  him  to  have  their  origin  in  the  follicles  of  the  ski:  v.  They 

may  extend  into  the  orbit.  . 

4.  Cystic  degenerations  of  the  lacrimal  gland,  which  are  co.isidered  m 

the  chapter  treating  of  that  organ. 

5.  Extravasation  cysts,  which  are  often  spoken  of  as  hematoceles  and 
liematomata,— blood-cysts, — are  exceedingly  rare,  if  not  of  doubtful  occur- 
rence in  the  sense  of  having  a true  cyst-wall  and  Woody  contents.  Dermoids 
are  sometimes  very  vascular,  and,  according  to  Ber’ni,  puncture  for  diagnos- 
tic purposes  may  cause  hemorrhage  within  them.  Such  a condition  might 
be  mistaken  for  a blood-cyst,  but  the  true  cimracter  of  the  affection  would 
remain  the  same. 

There  are  two  cystic  conditions  fornd  in  the  orbit  of  parasitic  nature, 
namely:  hydatid,  due  to  the  ecr inococcus,  and  the  cysticercus  cellulosce. 
These  conditions  do  not  fall  within  the  above  definition  of  true  cysts.  They 
occur  wheresoever  the  parasites  lodge,  and  make  for  themselves  space  by 
pushing  aside  tissue,  and  not  by  the  dilation  of  pre-existing  cavities. 

Both  conditions  a”e  rare.  Berlin  collected  39  cases  of  orbital  hydatid 
(1880),  to  which  Lagrange  in  1904  added  32  more.  Parsons  (1905)  notes 
a few  addition?!  cases  missed  by  these  authors.  Of  cysticercus  in'  the  orbit, 
but  9 undoubted  cases  are  on  record  (Parsons,  1905). 
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' Dermoids  are  sufficiently  distinctive  in  origin  and  history  to  be  classed 
alone.  Their  presence  in  the  orbit  has  been  mentioned  on  page  619. 

Filaria  loa  ( vide  p.  285)  at  times  gets  under  the  conjunctiva  or  into 
the  deeper  structures  of  the  orbit.  It  does  not  lead  to  cyst  formation,  but 
will  remain  quiescent  for  a long  time,,  causing  no  serious  trouble  (Parsons). 

All  cysts  and  cystic  conditions  within  the  orbit  are,  per  se,  innocent. 
The  one  general  characteristic  symptom  is  fluctuation.  Since  this  is  com- 
mon to  all  cystSj  it  simply  indicates  the  presence  of  contained  fluid,  and 
does  not  aid  in  a differential  diagnosis  as  to  the  kind  of  cyst.  It  must  not 
be  forgotten  that  cystic  degeneration  may  take  place  in  malignant  tumors, 
and  might  thus  give  rise  to  an  error  in  prognosis.  The  other  symptoms 
are  those  common  to  all  growths  within  the  orbit,  but  often  with  variations 
in  degree.  For  instance,  immobility  of  the  eyeball  in  case  of  malignant 
orbital  tumor  often  amounts  to  absolute  fixity,  whereas  cysts  generally  cause 
only  a restriction  of  movement. 

Exploratory  puncture,  bringing  to  examination  the  contents,  is  of 
great  value  in  determining  the  nature  of  the  cyst.  The  presence  of  seolices 
will  show  at  once  that  we  are  dealing  with  the  echinococcus.  The  aspira- 
tion of  cerebro-spinal  fluid  requires  a very  careful  and  critica,  examination 
of  the  case  before  further  procedure.  The  condition  is  either  a meningo- 
cele or  encephalocele,  or  an  obliterated  meningocele:  \e.,  one  in  which  the 
neck  of  the  sac  has  been  constricted  and  obliterated,  leaving  the  sac,  with 
its  cerebro-spinal  fluid  contents^  in  the  orbit,  but  no  longer  connected  with 
the  brain.  In  the  first  instance  non-interfertuce  s imperative;  in  the  sec- 
ond, removal  may  be  attempted  with  impunity. 

Talko  has  reported  a case  of  congeLiuil  cyst  situated  deep  in  the  orbit 
of  a 3-month-old  child,  pushing  the  eyeball  forward.  Operation  was  at- 
tempted and  the  anterior  portion  of  the  cyst  was  removed.  Serous  fluid 
escaped  for  ten  days,  when  the  ch’Id  died.  The  finger  could  be  pushed 
into  the  inferior  orbital  fissure  i nd  into  the  optic  foramen.  He  believed 
that  it  was,  beyond  a doubt  a posterior  meningocele. 

The  diagnosis  of  tie  oysticercus  is  problematic  until  after  removal. 
Ciliary  neuralgia  is  said  to  be  rather  a constant  symptom  of  echinococcic 
cyst. 

Treatment — Orbital  cysts  may  be  treated  by  excision,  incision,  injec- 
tion, or  elect  ol}  sis.  Complete  excision,  when  possible,  is  preferable.  When 
this  is  not  poetical,  incision,,  liberation  of  the  cystic  contents,  and  destruc- 
tion of  the  sac,  so  far  as  possible,  with  the  curette  or  by  the  injection  of 
iodin  should  be  tried.  The  writer  has  had  no  experience  with  electrolysis. 

INFLAMMATIONS  OF  THE  ORBIT. 

Periostitis. — Like  the  same  process  elsewhere,  periostitis  of  the  orbital 
bones  may  be  acute  or  chronic,  localized  or  diffused,  and  is  characterized  by 
deep-seated  pain  and  swelling.  Secondary  to  the  swelling  the  neighboring 
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intra-orbital  structures  may  become  involved.  Thus  swelling  and  edema 
of  the  lids  and  conjunctiva,  limitation  in  the  movements  of  the  eyeball,  and 
proptosis  and  other  malpositions  of  the  globe  are  produced.  The  patient 
may  complain  of  diplopia.  Pressure  on  the  optic  nerve  may  give  rise  to 
neuritis,  demonstrable  upon  ophthalmoscopic  examination,  or  atrophy  of 
the  nerve  may  be  caused  by  direct  pressure. 

Etiology. — Traumatism,  rheumatism,  syphilis,  tuberculosis,  and  dis- 
eases of  the  accessory  sinuses  are  the  potent  etiologic  factors,  syphilis,  either 
acquired  or  congenital,  being  the  most  frequent. 

Symptoms  and  Course. — Acute  periostitis,  if  extensive,  may  be  ush- 
ered in  by  a chill,  followed  by  a rise  of  temperature.  The  patient  will 
experience  pain  and  distress,  often  severe  in  character,  located  in  and 
around  the  orbit;  and  will  frequently  complain  of  frontal  headache.  If 
the  inflammation  is  deeply  seated,  movements  of  the  eyeball  and  pressure 
backward  will  cause  pain  within  the  orbit.  If  the  orbital  margin  is  affected, 
the  overlying  skin  will  be  swollen,  red,  and  adherent,  the  pain  and  tenderness 
on  pressure  being  at  times  exquisite.  The  pain  is  generally  worse  at  night. 

The  course  of  the  disease  is  that  of  any  acute  inflammation.  It  may 
terminate  in  resolution  with  complete  and  rapid  recovery ; or  abscess  for- 
mation may  supervene  with  a variable  collection  of  pus,  undermining  and 
detaching  the  periosteum  and  thus  encroaching  more  upon  the  orbital 
space;  or  it  may  result  in  bone  destruction  (caries  and  necrosis),  with  the 
formation  of  sinuses  and  sequestra,  which  carry  the  disease  into  chre 
nicity.  Chronic  periostitis  may  last  for  months  or  years,  while  intractable 
sinuses,  retraction  of  the  skin  with  alteration  in  shape  and  mobility  of 
the  eyelids,  set  up  a train  of  symptoms  which  may  continue  long  after  the 
original  disease  has  subsided. 

Caries  generally  attacks  the  margin  of  the  orbit,  and  is  most  frequent 
in  syphilitic  and  scrofulous  children,  whereas  necrosis  is  most  frequent  in 
the  adult  and  follows  acute  periostitis  or  traumatism  ouch  as  fracture  de- 
nuding the  bone  of  its  periosteum.  Large  portion,  of  oone  may  become 
exfoliated  and  great  deformity  may  result. 

The  location  of  orbital  periostitis,  wheth  ;r  marginal  or  deeply  seated, 
is  of  great  importance  to  the  patient,  the  mo  -t  dangerous  points  of  attack 
being  at  the  apex  and  at  the  roof.  At  the  apex  is  the  optic  nerve,  with  its 
rather  vulnerable  sheath ; pressure  here  may  cause  neuritis  or  rapid 
atrophy  of  the  nerve.  The  extra-ocuiar  muscles,  with  the  exception  of  the 
inferior  oblique,  have  their  orig'ns  at  this  point,  forming  the  apex  of  the 
muscle-cone,  while  beneath  the  external  rectus  muscle  is  the  ciliary  gan- 
glion. Therefore  the  pressure,  if  severe  or  long-continued,  may  cause  per- 
manent paralysis  of  one  or  more  of  these  muscles.  The  roof  of  the  orbit 
is  thin  and  easilv  desti  oyed,  in  which  event  direct  communication  would 
be  established  with  the  anterior  cerebral  fossa.  The  danger  of  meningitis 
would  then  le  imminent.  Fortunately  the  most  frequent  situation  of 
orbital  periostitis  is  near  the  margin,  up  and  out. 
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Diagnosis. — This  is  generally  not  difficult;  the  boring,  deep-seated 
pain,  with  nocturnal  exacerbations,  together  with  the  external  signs,  serve  to 
implicate  the  periosteum  in  the  inflammatory  process.  To  determine,  how- 
ever, to  what  extent  other  structures  are  involved;  or,  if  there  be,  for 
example,  tenonitis,  cellulitis,  or  orbital  phlegmon,  which  structure  is  pri- 
marily affected  may  be  difficult  or  impossible.  Tapping  with  the  finger 
around  the  orbital  margin,  so  as  not  to  disturb  the  orbital  contents,  will 
often  serve  to  locate  the  affection  in  the  bones.  If  this  can  be  done  without 
pain,  the  bone  or  periosteum  is  probably  not  involved.  Vice  versa,  if  gently 
pushing  back  the  eyeball,  with  just  sufficient  force  to  reach  the  soft  parts 
only,  causes  marked  pain,  we  probably  have  to  deal  with  tenonitis  or 
cellulitis. 

Syphilitic  periostitis  is  generally  a tertiary  manifestation,  but  it  should 
be  remembered  that  it  may  also  be  found  in  the  complex  of  secondaries. 
Noyes  has  noted  the  fact  that  immobility  of  the  eyeball  due  to  periostitis  is 
to  be  differentiated  from  ophthalmoplegia  of  third-nerve  origin  by  the 
absence  of  ptosis.  The  third  nerve  divides  at  its  entrance  into  the  orbit 
into  an  upper  and  a lower  portion.  The  upper  division  supplier  the  levator 
muscle,  and  has  a well-protected  course  between  that  muscle  and  Lie  superior 
rectus,  entering  the  lower  surface  of  the  muscle. 

If  sinuses  be  present,  evidencing  necrosis  or  caries,  grtat  care  and  gen- 
tleness must  be  used  in  probing,  lest  the  bone  be  further  injured.  Espe- 
cially easy  is  it  to  perforate  the  necrotic  bone  at  the  roof  of  the  orbit  and 
pass  the  probe  into  the  cranial  cavity,  often  with  serious  results. 

Prognosis. — The  prognosis  of  acute  orbital  periostitis  is  favorable, 
providing  the  process  can  be  checked  before  irreparable  damage  has  been 
done  to  the  intra-orbital  contents.  Chronic  periostitis  may  last  for  months 
and  years  with  the  formation  of  in  rac  table  sinuses  and  occasional  exfolia- 
tion of  bone,  or  with  established  communication  with  the  adjacent  cavities. 

Gummata  occasionally  attack  die  periosteum  of  the  orbital  bones, 
though  they  occur  much  less  frequently  here  than  in  the  other  cranial 
bones.  The  condition  is  a rarefying  osteitis:  i.e the  subperiosteal  bone- 
cells  undergo  soften  ng  tnd  become  in  structure  similar  to  the  gummatous 
tissue.  The  symptoms  are  those  of  ordinary  periostitis  with  certain  exag- 
gerations. Nocturnal  pain  and  neuralgia  are  prominent  symptoms.  The 
swelling  is  more  circumscribed  than  in  periostitis  and  simulates  more  a 
true  tumor,  exophthalmos  being  frequently  produced  if  the  gumma  is  in 
the  deeper  parts  of  the  orbit.  Orbital  gummata  cause  great  immobility  of 
the  eyeball,  marked  fixity  of  the  eyeball  being  characteristic  of  this  form 
of  inflammation.  They  are  amenable  to  specific  treatment,  but  when  they 
disappear  great  holes  and  depressions  are  left  in  the  bones. 

Treatment. — Orbital  periostitis  requires  constitutional  and  local  reme- 
dies. Constitutionally  the  treatment  depends  upon  the  cause,  if  known,  and 
in  any  event  the  general  nutrition  of  the  patient  is  of  importance.  The 
first  stages  of  the  attack,  if  marked,  must  be  met  with  depletion  and  anti- 
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phlogistics.  A purge,  preferably  salts,  should  be  given,  followed  by  a fever 
mixture,  if  fever  be  present.  If  the  presence  of  syphilis  is  confirmed,  mer- 
cury and  potassium  iodid,  or,  better  still,  perhaps,  salvarsan,  are  indicated. 

If  of  rheumatic  origin,  salicylate  of  sodium  and  the  iodid? are  indicated..  If 
the  patient  is  scrofulous,  iron,  codliver-oil,  hvpophosphites,  and  appropriate 
diet  are  to  be  considered.  For  the  control  of  pain  salicylate  of  sodium 
given  in  full  doses  will  seldom  fail.  It  is  especially  useful  in  aborting  or 

annulling  the  nocturnal  paroxysms. 

Locally,  the  indications  are  to  limit  the  exudation  and  promote  ab- 
sorption and  resolution.  Although  the  application  of  cold  is  generally  of 
use  in  the  first  stages  of  inflammation,  practically  it  is  not  to  be  recom- 
mended in  periostitis,  heat  being  much  more  efficient  as  well  as  more  grate- 
ful to  the  patient.  Hot  fomentations  therefore  play  an  important  role. 
They  must,  however,  be  properly  applied,  the  object  being  to  maintain  a 
uniformly  high  degree  of  temperature.  Hot  compresses  replaced  every  half- 
minute for  thirty  minutes,  repeated  in  an  hour  or  two,  will  generally  yield 
good  results.  A lukewarm  or  cold  compress  placed  over  the  part  for  an 
indefinite  time  is  useless. 

If  pus  is  present  it  must  be  liberated.  This  is  to  be  done  by  passing 
a long  bistoury  in  such  a way  as  to  avoid  the  eyeball,  the  optic  nerve,  and 
the  ciliary  ganglion.  The  incision  should  be  made  through  the  periosteum 
to  the  bone,  and  the  mouth  of  the  opening  should  be  kept  patulous  with 
gauze  packing.  Sinuses  should  be  carefully  syringed,  and  any  loose  piece  of 
bone  presenting  should  be  removed.  It  is  well  to  form  a definite  idea  of  t e 
size  and  extent  of  the  loose  bone  before  attempting  its  removal,  always 
bearing  in  mind  the  proximity  of  the  cranial  cavity,  the  frontal  and  eth- 
moidal  sinuses,  and  the  antrum. 

Periostosis  is  a thickening  of  the  periosteum  following  mfiammation. 
It  is  said  to  occur  in  those  cases  in  which  the  bone  proper  nas  not  been 
sufficiently  diseased  to  induce  caries.  It  more  frequen+H  elects  the  mar- 
gin, and  'is  generally  syphilitic  in  origin.  It  may  attack  the  periosteum 
at  the  apex,  in  which  case  permanent,  but  slowly  produced,  paralysis  of  the 
ocular  muscles,  or  even  atrophy  of  the  optic  nt'-ve,  may  result.  At  the 
orbital  margin  neuralgia  from  pressure  on  ;he  supra-orbital  or  infra-orbital 
nerves  is  a frequent  symptom.  The  treatment  is  antisyphilitic  and  ab- 
sorbent. _ , 

Hyperostosis  of  the  orbital  boncs-ii  an  exceedingly  rare  condition,  hav- 
ing been  noted  by  Bull  but  four  rimes  in  about  twenty  thousand  cases.  It 
is  characterized  by  an  increase  In.  the  diameter  of  the  bone,  and  is  primarily 
a disease  of  the  bone  itself.  Such  a condition  could,  of  course,  cause  marked 
and  curious  deformity.  S -philis  is  not  thought  to  play  much  of  a part  m 

the  causation.  . „ 

Exostosis  is  usually  due  to  syphilis,  and  may  occur  in  any  portion  ol 
the  orbital  wal1.  It  is  often  caused  by  a long-continued  chronic  periostitis. 
Exostoses  mm  mow  into  the  orbital  cavity  and  produce  pressure  symptoms. 
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They  grow  more  frequently,  perhaps,  from  the  os  planum  of  the  ethmoid 
than  from  other  areas.  They  are  of  more  abrupt  elevation  than  the  swell- 
ings of  periostosis,  and  partake  more  of  the  nature  of  a tumor  with  better- 
defined  limitations.  They  will  sometimes  yield  to  antisyphilitic  treatment. 
If  they  do  not  yield  to  such  treatment,  but  become  destructive  in  their 
progress,  they  must  be  surgically  removed.  They  should  be  attacked  at  the 
base  with  chisel  and  mallet.  The  chiseling  must  be  done  very  carefully  so 
as  to  not  fracture  the  bone.  It  is  best  to  use  the  corner  of  the  edge  of  the 
instrument,  progressing  slowly,  with  repeated  short  strokes. 


Orbital  Celiulitis  and  Phlegmon. — Orbital  cellulitis,  or  inflammation 
of  the  fatty  ceMular  tissues  within  the  orbit,  may  occur  as  an  acute,  as  a 
subacute,  or  as  a chronic  inflammation.  All  grades  of  severity  are  recog- 
nized, from  the  mildest,  with  only  local  symptoms  and  a course  tending 
toward  rapid  resolution  and  recovery,  to  the  phlegmonous  variety  with 
g/ave  constitutional  disturbance,  thrombosis  of  the  cavernous  sinus,  and 
extension  to  the  brain,  the  latter  causing  purulent  meningitis  and  death. 

It  may  follow  traumatism,  such  as  a blow,  punctured  wounds,  or  frac- 
ture of  the  orbital  bones,  or  it  may  be  an  extension  from  local  pyogenic 
processes  in  neighboring  parts.  It  has  been  seen  after  laceration  of  the 
scalp  caused  by  unskillful  use  of  the  obstetric  forceps. 


Fig.  363. — Ab  toess  ot  the  orbit  in  a child  ten  days  old,  injured  during 
instrumental  delivery.  (Ball.) 
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Among  other  causes  of  this  condition  are  periostitis;  meningitis 
complicated  by  thrombosis  of  the  cavernous  sinus  and  ophthalmic  vein; 
panophthalmitis,  in  which  the  process  passes  beyond  Tenon’s  capsule;  sup- 
puration in  the  ethmoidal  cells  or  around  the  upper  teeth  and  upper  jaw; 
and  very  rarely  dacryoadenitis.  Typhoid  and  typhus  fevers,  scarlatina,  in- 
fluenza, pyemia,  and  puerperal  septicemia,  and  especially  facial  erysipelas, 
mav  all  cause  orbital  cellulitis.  When  it  occurs  in  the  course  of  these  dis- 
eases it  must  be  regarded  as  a very  serious  and  often  dangerous  complication. 

The  majority  of  cases  (60  per  cent.,  Birch-Hirschfeldt)  follow  disease 

of  the  accessory  sinuses,  generally  ethmoiditis. 

Symptoms.— The  symptoms,  in  mild  cases,  are  dull  pain  and  headache , 
restricted  ocular  movements,  with  perhaps  slight  proptosis  and  diplopia; 
swelling  of  the  lids,  and  edema  of  the  conjunctiva  (chemosis).  n ie 
phlegmonous  form  there  is  an  exaggeration  of  these  symptoms  together  wi  i 
constitutional  disturbance  and  other  symptoms  due  to  pressure. 

The  attacks  may  commence  with  a chill  followed  by  a fevei.  m 1 & 
are  greatly  swollen,  tense,  and  dusky,  all.  the  folds  and  landmarks  being 
obliterated.  The  eyeball  is  pushed  far  forward,  and  is  absolutely  fix  • 
The  chemosis  is  often  so  extensive  as  to  hide  completely  the  cornea  which 
may  become  devitalized  and  slough.  Pressure  on  the  optic  nerve  will  cause 
neuritis  and  atrophy.  Such  a condition  of  congestion  and  stagnation  is 
generally  attended  by  more  or  less  thrombosis  of  the  veins  which  may  con 
tinue  into  the  cavernous  sinus,  and  in  some  cases  may  extend  to 'the  s - 
of  the  other  side,  and  thus  affect  secondarily  the  fellow-eye  If  allotted 
to  run  its  course,  pointing  finally  takes  place,  followed  by  rapture  and 
liberation  of  pus.  The  point  of  rupture  is  usually  through  the  upper  lid 
near  the  orbital  margin. 

Prognosis — The  milder  cases  are  amenable  to  treatment , ant  the  prog- 
nosis  is  good,  complete  recovery  being  the  usual  termination  In  graver 
cases  the  prognosis  as  regards  the  life  of  the  patient  n favorable.  Should 
meningitis  occur,  a fatal  termination  is  to  be  expected  As  regards  the 
future  usefulness  of  the  eye,  prognosis  is  to  be  based  upon  the  amount  an 
duration  of  pressure  and  the  extent  to  which  the  eyeball  has  taken  part  in 
the  inflammation.  Sloughing  of  the  cornea  optic-nerve  atrophy  throm- 
bosis in  the  retinal  veins,  and  a development  of  pus  within  the  eyeball  are  all 

fatal  to  vision.  „ ™D 

Treatment.— This  should  be  along  the  lines  of  general  surgery,  lhe 

patient  should  be  put  to  bed.  To  limit  exudation  cold  is  indicated  m t ie 
earliest  stages.  To  aid  absorption  and  resolution  heat  should  be  appliec 
thereafter  Hot  stupes  give  great  relief  and  are  much  to  be  depended  upon. 
Depletion  by  the  application  of  leeches  to  the  temple  is  often  ol  service  m 
the  commencement  of  the  attack.  Pus  must  be  liberated  at  once  foi  it 
can  work  its  wav  backward,  with  disastrous  results.  As  it  is  generally  pres- 
ent Ion"  before  it  manifests  itself  by  pointing,  when  the  symptoms  are 
severe  its  presence  should  be  presumed,  and  free  incisions  should  be  made 
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deep  into  the  orbit  under  strict  antiseptic  precautions.  Even  though  no 
pus  be  found,  the  local  bloodletting  will  fulfill  an  important  indication. 
The  incision  should  be  made  with  a long,  straight  bistoury-1 — by  preference, 
through  the  conjunctiva.  If,  on  account  of  swelling  and  edema,  this  should 
be  impracticable,  the  incision  can  be  made  through  the  upper  lid.  The 
knife  should  pass  close  to,  and  parallel  with,  the  orbital  wall,  avoiding  the 
eyeball  and  the  optic  nerve.  The  opening  of  the  incision  should  be  freely 
enlarged,  a bichlorid  of  mercury  solution  (1  to  3000)  should  be  carefully 
introduced  by  syringing,  and  drainage  should  be  maintained  by  loose 
packing.  The  general  treatment  is  tonic  and  supportive.  Good  diet,  iron, 
quinin,  strychnin,  and  alcohol  in  the  form  of  milk  punches  are  indicated. 

Inflammation  of  the  Oculo-orbital  Fascia  (Tenonitis). — Inflammation 
of  Tenon’s  capsule  is  sometimes  found  as  a distinct  affection  and  always  is 
a part  of  severe  orbital  cellulitis,  in  which  case,  however,  it  is  scarcely  to  be 
differentiated  from  the  more  general  inflammatory  process. 

Symptoms. — The  symptoms  include  slight  or  moderate  swellirg  and 
■edema  of  the  upper  lid  which,  on  account  of  the  firm  attachment  of  oroc- 
esses  of  the  orbital  fascia  to  the  upper  margin  of  the  tarsus,  may  be  more 
.marked  in  the  lid  above  the  tarsus.  Chemosis,  pain  on  motion,  and  re- 
stricted movement  of  the  eyeball,  with  some  proptosis,  arc  nrosent.  These 
symptoms  are  all  found  in  orbital  cellulitis,  in  which  condition  they  are 
generally  more  pronounced.  The  most  characteristic  symptom  of  tenonitis, 
and  the  one  which,  when  present,  establishes  tho  diagnosis,  is  the  occurrence 
of  vesicular  swelling  over  the  insertion  of  on  * of  the  straight  muscles.  It 
will  be  remembered  that  the  straight  muicles  pierce  Tenon’s  capsule  by  a 
kind  of  invagination,  thus  offering  a favorable  situation  for  the  pushing 
forward  of  serous  fluid  collecting  within  Tenon’s  space. 

Etiology. — Tenonitis  may  follow  operations  directly  disturbing  the 
capsule,  such  as  tenotomies  and  ad  vaccements.  It  is  then  usually  severe  and, 
if  suppurative,  endangers  the  integrity  of  the  eyeball.  Bull  mentions  a case 
known  to  him  of  double  panophthalmitis  resulting  in  blindness  from  a 
simultaneous  tenotomv  ct'  lorh  internal  recti  muscles.  Such  a calamity 
sounds  a note  of  wai  nin£  against  the  slightest  carelessness  in  the  perform- 
ance of  these  operations,  however  simple  and  usually  free  from  danger  they 
seem  to  be.  Zentmayer  reports  tenonitis  as  a complication  in  a case  of 
typhoid  fever  7t  has  been  known  to  occur  after  diphtheria  and  influenza. 
The  most  frequent  causes  of  idiopathic  tenonitis  are  rheumatism  and  gout. 
These  diseases  are  often  responsible  for  episcleritis,  with  which  certain  cases 
of  tenonitis  might  be  confounded.  Ordinary  care  in  the  examination 
sho  ild  make  the  differential  diagnosis  clear. 

Prognosis  of  the  traumatic  cases  must  be  guarded,  the  danger  of 
panophthalmitis  being  imminent  in  any  pyogenic  inflammation  of  the  cap- 
sule. The  other  cases,  as  a rule,  recover,  leaving  the  parts  functionally 
normal.  The  duration  depends  upon  the  character  of  the  inflammation, 
and  in  chronic  cases  may  be  many  months. 
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Treatment. — This  does  not  differ  from  that  of  the  preceding  affection. 
If  pus  is  present,  free  incision  into  the  capsule  for  its  exit  must  at  once  be 
made.  This  is  an  important  procedure,  and  must  be  unhesitatingly  accom- 
plished. Salicylic  acid,  or  salicylate  of  sodium,  potassium  iodid,  or  col- 
cliicum,  is  indicated  if  the  cause  is  rheumatism  or  gout. 

Diseases  of  the  Frontal,  Ethmoidal,  Maxillary,  and  Sphenoidal  Sinuses. 

These  cavities  or  air-spaces  are  lined  with  mucous  membrane,  and  aie 

liable  to  inflammation  by  extension  from  the  nasal  mucous  membrane  or  to 
retention  disturbances  due  to  occlusion  of  their  natural  outlets.  The  two 
frontal  sinuses  are  usually  completely  separated  from  each  other  by  a thin 
bony  partition.  They  are  not  developed  until  about  the  sixth  or  seventh 
year,  and  varv  greatly  in  size  in  different  individuals.  Tilley,  after  an 
examination  of  one  hundred  and  twenty  skulls,  concludes  that  the  normal 
frontal  sinus  should  measure  twenty-eight  millimetres  from  the  median  line 
outward,  and  twenty  to  twenty-eight  millimetres  in  its  vertical  dimension. 
Some  sinuses  he  found  only  large  enough  to  contain  an  ordinary  bean,  while 
others  had  a capacity  ten  times  as  great.  The  frontal  sinuses  communicate 
with  the  anterior  ethmoidal  cells,  and  in  common  with  them  with  the  nasal 
cavity  at  the  middle  meatus,  through  the  infundibulum.  The  anterior  and 
posterior  ethmoidal  cells  do  not  communicate  with  each  other,  being  sepa- 
rated by  a bony  partition.  The  posterior  ethmoidal  cells  are  sometimes  in 
communication  with  the  sphenoidal  sinuses.  They  open  into  the  superior 
meatus  of  the  nose. 

The  maxillary  sinus,  situated  in  the  body  of  the  superior  maxilla,  com- 
municates with  the  middle  meatus  of  the  nose.  Its  roof  is  the  thin  orbital 
plate  of  the  superior  maxilla,  forming  the  floor  of  the  orbit.  In  seme  cases 
the  roots  of  the  first  and  second  molar  teeth  perforate  the  fioor  of  the 
antrum.  The  floor  of  the  antrum  may  be  in  relation  with  a. I tie  teeth  of 
the  true  maxilla  from  the  canine  to  the  wisdom-tooth  (Battler). 

The  sphenoidal  sinuses  do  not  exist  in  early  chilli  hood.  When  de- 
veloped they  are  very  irregular  in  size  and  in  shape.  They  communicate 
with  the  superior  meatus  of  the  nose,  and,  as  mentioned  above,  occasionally 
with  the  posterior  ethmoidal  cells. 

Inflammation  in  these  sinuses  generally  sta  :ts  from  the  nose,  a catarrhal 
rhinitis,  for  example,  extending  through  the  infundibulum  to  the  frontal 
sinuses  and  to  the  anterior  ethmoidal  coll-,  or  from  the  superior  meatus  into 
the  posterior  ethmoidal  cells  and  sphenoidal  sinuses,  or  from  the  middle 
meatus  into  the  antrum.  The  anti  am  may  also  become  infected  through 
the  teeth,  which  in  many  cases  perforate  its  floor. 

The  first  stage  is  a thickening  and  congestion  of  the  mucous  membrane, 
a narrowing  of  the  rat, uni  outlet,  and  a retention  of  mucous  secretion 
within  the  sinus.  Thic  condition  is  known  as  mucocele  of  the  sinus.  Fol- 
lowing this  there  may  be  great  distension  of  the  cavity;  the  orbital  space  is 
encroached  upon,  and  ocular  symptoms  make  their  appearance.  The  final 
.stage  is  that  of  suppuration.  The  process  remains  no  longer  limited  to  the 
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sinus;  orbital  abscess  may  ensue,  with  all  its  clangers,  or  extension  back- 
ward or  upward  into  the  brain-cavity  may  cause  a fatal  meningitis. 

Without  prompt  and  skillful  treatment  necrosis  of  the  bones  and  the 
formation  of  intractable  fistulse  may  generally  be  expected  in  these  cases. 

Tumors  and  polypi  may  spring  from  the  mucous  membrane  of  the 
accessory  sinuses  and  push  their  way  into  the  orbit,  or  the  sinuses  may  be- 
come secondarily  invaded  by  tumors  originating  elsewhere. 

Symptoms  and  Diagnosis. — There  are  certain  symptoms  of  the  dis- 
eases of  the  accessory  sinuses  in  their  relation  to  the  orbit  which  are  common 
to  all  the  cavities.  The  first  stage  of  the  disease  is  marked  by  pain  on 
pressure  or  percussion  over  the  affected  sinus.  If  this  is  the  frontal  sinus, 
headache  above  the  root  of  the  nose  is  an  almost  constant  symptom.  There 
may  be  neuralgic  pain  over  the  course  of  the  supra-orbital  nerve  and  a dis- 
charge of  mucus  from  the  corresponding  nostril. 

In  ethmoiditis  headache  is  less  constant,  and  mucous  discharge  from 
the  nostril  perhaps  is  more  constant.  The  pain  in  antral  disease  is  "ocated 
in  the  upper  jaw,  and  sometimes  over  the  course  of  the  infra-orbital  .nerve. 

It  is  impossible  to  diagnose  disease  of  the  sphenoidal  smuses  in  the 
first  stages.  If  pus  has  formed,  its  presence  in  the  superior  npatus  of  the 
nose  is  of  diagnostic  value. 

In  the  second  stage,  or  that  of  distension,  the  diagnosis  is  easier.  Dis- 
tension of  the  frontal  sinus  generally  manifests  its<Jl  at  the  upper  inner 
angle  of  the  orbit.  There  is  a rounded  swell  mg  between  the  trochlearis 
pulley  and  the  angle  of  the  orbit,  pushing  t le  e;  eball  downward  and  out- 
ward. 

Distension  of  the  ethmoidal  sinuses  causes  exophthalmos  and  a dis- 
placement of  the  eyeball  outward.  If  the  antrum  becomes  distended,  the 
swelling  generally  presents  in  the  floor  of  the  orbit  directly  back  of  the 
orbital  margin,  giving  rise  to  exophthalmos,  with  upward’ displacement  of 
the  eyeball.  From  the  situation  rf  the  sphenoidal  sinuses,  as  might  be  sup- 
posed, their  distension  may  cause  sudden  blindness  from  pressure  on  the 
optic  nerve.  The  exopht  tal  nos  would  be  directly  forward. 

Of  late  the  meins  or  transillumination  have  been  greatly  improved, 
making  it  possible  in  many  cases  to  determine  with  facility  the  presence  of 
collections  within  the  sinuses.  They  may  all  be  transilluminated  except 
the  sphenoid  il. 

The  third  stage  of  empyema,  unless  free  drainage  is  obtained,  is  likely 
to  be  complicated  by  orbital  abscess,  the  symptoms  of  which  have  been 
described.  As  the  bones  become  thin  from  distension,  fluctuation  may  often 
be  elicited,  thus  distinguishing  the  condition  from  solid  tumor. 

Among  the  ocular  symptoms  which  may  exist  in  disease  of  any  of  the 
sinuses  are:  edema  of  the  lids;  conjunctival,  ciliary,  and  scleral  injection; 
lacrimation,  photophobia,  reduced  vision,  restricted  fields  for  form  and 
color,  relative  scotomata,  and  enlargement  of  the  blind  spot  (Van  der 
Hoeve).  Diplopia  is  present  in  accordance  with  the  displacement  of  the 
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eyeball.  Muscle  paralysis  and  retrobulbar  optic  neuritis  will  correspond  to 
the  amount  and  position  of  the  pressure,  and  to  the  transference  of  infection. 

Careful  examination  of  the  visual  fields  for  form  and  color  and  the 
searching  for  central  scotomata  and  enlargement  of  the  blind  spot  are  at 
the  present  time  considered  most  important  in  dealing  with  cases  of  sinus 
disease. 

Etiology.— The  majority  of  cases  have  their  origin  in  the  nasal  cavity. 
Such  an  inflammation  may  occur  in  erysipelas,  epidemic  influenza,  typhoid 
and  other  infectious  fevers,  tuberculosis,  or  syphilis.  Fracture  of  the 
bones  may  so  alter  the  anatomy  as  to  cause  obstruction  of  the  infundibulum, 
damming  back  the  mucous  secretion  in  the  frontal  sinuses  and  the  eth- 
moidal cells.  Disease  of  the  teeth  in  relation  with  the  maxillary  sinus 
may  be  the  exciting  cause  of  antral  disease. 

Treatment. — In  the  early  stages  this  belongs  to  the  rhinologist.  In 
many  cases  the  swollen  mucous  membrane  at  the  openings  of  these  sinuses 
into  the  nose  may  be  effectually  treated  with  adrenal  solution,  or  other  drugs 
with  similar  action,  and  the  normal  outlets  thus  can  be  kept  open.  In  the 
later  stages,  on  account  of  the  ocular  symptoms,  these  patients  are  gener- 
ally brought  to  the  ophthalmologist.  The  indications  are,  first,  to  estab- 
lish a free  communication  with  the  cavity,  and,  second,  through  this  com- 
munication to  maintain  drainage  and  cleanliness.  In  the' case  of  the  frontal 
sinus  an  opening  is  to  be  made  with  a stout  knife  through  the  thin  and  dis- 
tended bone  at  the  upper,  inner  angle  of  the  orbit.  Then,  with  the  finger 
in  the  sinus  and  a gouge  up  the  nose,  a second  opening  may  be  forced,  a 
fenestrated  drainage  tube  is  then  to  be  passed  from  the  sinus  into  th*  Lost, 
through  which  careful  and  repeated  syringing  of  antiseptic  solutions  nay 
be  carried  on. 

In  ethmoiditis  the  incision  is  to  be  made  through  the  os  planum  of  the 
■ethmoid,  and  a passage  for  a drainage  tube  is  to  be  forced  into  the  nose. 

The  antrum  may  be  reached  through  the  canine  focsa  of  the  malar 
bone  or  through  the  socket  of  the  second  molar  tooth.  If  the  floor  of  the 
orbit  is  thin  and  bulging,  an  opening  may.be  made  here,  taking  care  not 
to  injure  the  infra-orbital  nerve.  Much  time  if-  required  for  the  treatment 
of  these  cases.  It  will  often  be  necessary  l or  the  patient  to  wear  a drain- 
age tube  and  to  submit  to  syringing  of  the  cavity  several  times  daily  for 
weeks  or  months. 

Cavernous-Sinus  Thrombosis. — T’h-ombosis  of  the  cavernous  sinus  as 
a primary  affection  rarely  occurs  When  present,  it  is  usually  the  result 
• of  extension  of  a thrombotic  process  in  the  orbital  veins,  or  a similar  condi- 
tion in  the  other  sinuses. 

Symptoms. — Whether  marasmic  or  inflammatory  (septic),  the  local 
symptoms  are  the  same  and  are,  first,  those  of  venous  stasis;  second,  those 
of  pressure;  third,  those  of  paralysis. 

Individually  considered,  they  are  edema  of  the  lids,  which  may  extend 
for  some  distance  into  the  integument  of  the  face;  chemosis;  and  exoph- 
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thalmos,  which,  at  first  slight,  generally  becomes  pronounced.  The  eyeball 
is  more  or  less  mechanically  restricted  in  its  movements,  and,  if  the  upper 
lid  does  not  from  edema  obstruct  vision  on  that  side,  diplopia  is  complained 
of.  Interference  with  the  cranial  nerves  running  to  the  orbit  is  likely  to 
occur.  The  third,  the  fourth,  the  ophthalmic  division  of  the  fifth,  and  the 
sixth  nerves  all  traverse  the  cavernous  sinus,  and  are  liable  to  injury.  The 
one  most  commonly  affected  is  the  third.  We  would  then  have  divergent 
strabismus,  stabile  mydriasis,  and  ptosis.  Paralytic  ptosis,  although  a 
rather  constant  symptom,  is  often  difficult  to  establish,  on  account  of  the 
mechanical  ptosis  due  to  edema  of  the  lid.  Other  varieties  of  strabismus 
would,  of  course,  occur  were  one  or  more  of  the  other  nerves  paralyzed. 
At  the  commencement  of  the  attack  irritation  preceding  the  paralysis  would 
cause  miosis.  This,  however,  is  of  short  duration.  As  in  all  conditions  of 
retrobulbar  pressure,  the  optic  nerve  may  suffer  neuritis  or  atrophy.  When 
ah  examination  of  the  fundus  is  possible,  the  retinal  veins  will  be  found 
engorged,  the  retina  edematous,  and  there  will  be  noted  more  or  less  hemor- 
rhage in  the  nerve-fibre  layer.  Through  the  medium  of  the  circular  finus 
the  process  may  extend  to  the  opposite  side.  According  to  Macew on,  this 
occurs  in  more  than  half  the  cases.  Such  a transference  is  pathognomonic, 
and  serves  to  diagnose  positively  cavernons-sinus  disease  frnii  intra-orbital 
disease  with  many  symptoms  in  common.  Another  important  diagnostic 
sign  of  cavernous-sinus  thrombosis,  when  present,  is  1 over  the  mastoid 
“region.  Its  occurrence  has  been  explained  as  being  due  to  stasis  in  the 
emissary  vein  of  Santorini,  which  empties  into  the  lateral  sinus,  which, 
in  turn,  directly  communicates  with  the  raveincas  sinus. 

Chving  to  the  free  anastomosis  of  the  orbital  veins  with  the  veins  of  the 
face,  blood  from  the  orbit  has  an  extra-  a^  well  as  an  intra-  cranial  means  of 
exit.  To  this  arrangement  is  due  the  fact  that  certain  cases  of  cavernous- 
sinus  thrombosis  will  present  orb’ cal  symptoms  not  commensurate  with  the 
amount  of  obstruction  in  the  sin  as.  Such  cases  are  of  more  gradual  devel- 
opment, and  favor  the  presump  Lion  that  in  them  the  process  is  extending 
from  within  outward,  rather  ihan  from  without  inward,  thus  giving  more 
time  for  the  formati  m ot  an  adequate  collateral  circulation. 

Thrombosis  of  the  ophthalmic  vein  or  of  the  cavernous  sinus  is  accom- 
panied by  pain,  nrtably  over  the  course  of  the  supra-orbital  vein  and  in  the 
eyeball.  The  patient  complains  of  varying  degrees  of  headache,  and,  if  the 
case  is  complicated  with  meningitis  or  brain-softening^  cerebral  symptoms 
are  apparent. 

Etiology. — Two  forms  of  thrombosis  are  recognized — marasmic  and 
inflammatory.  The  first  is  due  to  an  impoverished  condition  of  the  blood 
and  occurs  usually  at  the  extremes  of  life  or  as  a complication  of  the  exan- 
themata and  other  diseases  producing  marked  debility.  Inflammatory  or 
septic  thrombosis  is  caused  by  an  alteration  in  the  vessel-wall  (phlebitis, 
meningitis),  metastatic  transference  of  inflammatory  or  septic  products,  or 
traumatism.  Orbital  cellulitis  is  almost  invariably  accompanied  by  more 
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or  less  thrombosis,  which  may  readily  extend  into  the  cavernous  sinus. 
Caries  and  necrosis  of  the  bones  of  the  skull  or  around  the  teeth  have  been 
responsible  for  some  cases.  Fracture  of  the  skull,— especially  at  the  base- 
disease  of  the  accessory  sinuses,  chronic  otitis  media,  erysipelas,  furunculosis, 
or  pyogenic  foci  so  situated  as  mechanically  to  infect  the  blood  en  route 
through  the  orbit  and  cavernous  sinus  are  all  recognized  causes. 

Prognosis.— The  disease  may  last  from  a few  days  to  several  months. 
According  to  Macewen,  the  great  majority  of  cases  of  cavernous-sinus 
thrombosis  end  fatally.  This  author  further  says  that  absolutely  all  cases 

of  infective  thrombosis  end  in  death. 

Treatment.— This  must  follow  general  surgical  principles,  meeting 


Fig.  364. — Thrombosis  of  the  cavernous  sinus.  (W.  T.  Shoemaker.) 

exigencies  as  they  arise.  Hartley  opened  by  trephine  the  cavernous  sinus  in 
a case  diagnosed  by  Knapp,  and  removed  the  thrombus.  This  operation 

has  been  performed  several  times  since. 

Hemorrhage  into  the  Orbit. — In  the  vase  majority  of  cases  hemorrhage 
into  the  orbital  cellular  tissue  is  caused  by  traumatism,  either  direct  or 
indirect.  Instruments  or  foreign  bodies  thrust  into  the  orbit  must  neces- 
sarily cause  bleeding.  Blows  upon  the  eyeballs  or  head  or  fracture  of  the 
skull  involving  the  orbital  bones  may  permit  of  an  outpouring  of  blood 
into  the  cellular  tissue.  The  condition  rarely  occurs  spontaneously,  and 
may  then  be  due  to  hemophilia, scurvy,  deterioration  of  the  blood-vessels,  or 
to  too  great  a rise  of  blo"d  pressure  incident  to  coughing,  sneezing,  strain- 
ing etc.  Once  liberat'd  vithin  the  orbit,  the  course  of  the  blood  is  deter- 
mined by  the  layers  and  processes  of  the  orbital  fascia.  It  extravasates  in 
the  direction  of  least  resistance,  which  is  generally  forward,  and  in  a short 
time  comes  to  view  under  the  conjunctiva  of  the  eyeball  or  eyelids.  Ac- 
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cording  to  the  amount  of  hemorrhage,  the  symptoms  will  vary  from  those 
scarcely  noticeable  to  marked  proptosis,  limited  ocular  movements,  great 
subconjunctival  accumulation  of  blood,  and  pressure  injury  to  muscles  and 
nerves,  including  the  optic  nerve,  with  perhaps  loss  of  vision. 

The  diagnostic  value  of  subconjunctival  hemorrhage  after  injury,  in 
determining  fracture  at  the  base  of  the  skull  implicating  the  orbital  bones, 
has  depreciated  somewhat  since  the  demonstration  a number  of  times  by 
autopsy  of  traumatic  orbital  hemorrhage  without  fracture.  Evidence  of 
orbital  hemorrhage  is,  notwithstanding,  a valuable  sign  and  serious  symptom 
after  head-injury,  and  makes  basal  fracture  at  least  probable.  Sometimes 
the  blood  escapes  into  the  nose,  indicating  fracture  of  the  ethmoid  bone. 

A few  cases  of  spontaneous  subperiosteal  orbital  hemorrhage  in  infants 
suffering  from  malnutrition  have  been  reported  by  Spicer,  and  a so-called 
traumatic  subperiosteal  blood-cyst  has  been  observed  by  Baquis,  which 
disappeared  within  four  days.  Denig  reports  a case  of  subperiosteal  blood- 
cyst  situated  behind  the  lacrimal  gland,  extending  toward  the  orbital  roof, 
where  it  had  caused  perforation  into  the  anterior  cerebral  fossa.  Ti  e pa- 
tient had  received  a severe  orbital  injury  ten  years  before. 

Prognosis. — Insomuch  as  the  optic  nerve  is  always  j iopardized  by 
orbital  hemorrhage  if  extensive  enough  to  cause  considerable  pressure,  the 
prognosis  should  be  guarded  quoad  visus  in  the  present  of  pressure  symp- 
toms. 

Treatment. — Absorption  takes  place  in  from  three  to  six  weeks  and 
may  be  aided  by  hot  fomentations.  A pressure  bandage  may  be  indicated  in 
certain  cases,  and,  when  the  proptosis  is  rx>  extensive  as  to  prevent  closure 
of  the  lids,  the  cornea  must  be  carefully  guarded.  The  use  of  the  bistoury 
for  the  purpose  of  liberating  the  blood  may  be  advisable  when  the  bleed- 
ing has  been  excessive,  but  in  ordin  ary  cases  it  seems  to  the  writer  to  be  of 
doubtful  efficacy,  as  extravasations  a*e  not  often  relieved  by  incisions. 

Pulsating  Exophthalmos. — More  than  300  cases  of  this  affection  are 
now  on  record.  A very  complete  and  elaborate  analysis  of  69  case  histories 
has  been  made  by  de  Schwemitz  and  Holloway  (1908),  to  which  the  reader 
is  referred  for  a me  re  detailed  account.  In  typical  cases  the  condition  is 
characterized  by  proti  xsion  of  the  eyeball ; noises  or  bruit  to  be  heard  at  the 
entrance  of  the  mbit,  or  by“  auscultation  over  various  points  of  the  skull, 
even  over  the  occiput ; and  by  pulsation  near  the  orbital  apex  transmitted 
through  the  eyeball.  The  exophthalmos,  if  unilateral,  or  if  more  pro- 
nounced on  one  side  than  on  the  other,  gives  rise  to  diplopia.  The  bruit  is 
botL  a subjective  and  an  objective  symptom.  It  is  increased  by  lying  down 
or  stooping,  or  by  any  exertion  raising  the  blood-pressure.  The  noises  in 
the  head  are  incessant  and  cause  much  distress.  They  stop  or  are  greatly 
modified  when  the  blood-supply  to  the  side  of  the  head  affected  is  inter- 
rupted by  compression  of  the  common  carotid  artery.  The  pulsation — 
generally  demonstrable  by  careful  palpation — is  sometimes  visible.  The 
veins  of  the  lids,  of  the  conjunctiva,  and  of  the  retina  are  often  distended 
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and  tortuous — the  result  of  passive  hyperemia.  In  a certain  number  of 
cases  optic  neuritis,  optic-nerve  atrophy,  retinal  hemorrhages,  glaucoma, 
and  cataract  have  been  noted.  More  frequent  than  these  last-named 
symptoms  is  paralysis  of  the  abducens  nerve.  Vision  may  remain  intact 
throughout  the  entire  course,  but  it  is  more  frequently  impaired,  and  often 
complete  blindness  results  (de  Sehweinitz  and  Holloway). 

Etiology. — Exophthalmos  with  pulsation  may  be  due  to  a variety  of 
lesions,  both  intra-orbital  and  extra-orbital.  Thus,  it  may  be  a symptom 
of  extremely  vascular  tumors  within  the  orbit,  due  to  a true  aneurism  of  the 
ophthalmic  artery  in  its  intra-orbital  or  intracranial  portion,  aneuiism  of 
the  internal  carotid  artery,  arterio-venous  communication,  Varicose  dilation 
of  the  orbital  veins,  or  communication  between  the  internal  carotid  arten 
and  the  cavernous  sinus.  The  last-named  condition  has  been  found  to  be 
the  most  frequent  cause.  Thus,  the  disease  in  the  majority  of  cases  is  of 
intracranial  origin,  the  protrusion  of  the  eyeball  and  the  other  orbital 
symptoms  being  secondary  and  dependent  upon  venous  obstruction.  Ri\- 
ington  demonstrated  the  intracranial  origin  of  pulsating  exophthalmos, 
which  was  a distinct  advance  in  the  pathology  of  this  condition.  In  an 
analysis  of  19  autopsies  Frost  found  orbital  aneurism  in  3,  affection  of  the 
cavernous  sinus  in  2,  aneurism  of  the  intra-orbital  portion  of  the  ophthalmic 
artery  in  2,  arterio-venous  communication  in  8,  and  the  condition  unde- 
termined in  4. 

With  arterio-venous  or  arterio-sinus  communication  we  have  obstruc- 
tion of  the  venous  outflow  of  blood,  which  induces  marked  distension  and 
varicosity  of  the  veins.  The  blood-current  then  becomes  reversed,  and  the 
distended  veins  carry  arterial  blood  (Sattler).  At  this  stage  paisa  ini 
commences.  As  more  or  less  time  is  required  for  these  changes  to  take 
place,  and  as,  indeed,  they  may  not  take  place,  pulsation  mat  not  appear 
early  nor  need  it  occur  at  all.  Bilateral  pulsating  exophthalmos  of  traumatic 
origin  is  to  be  explained  by  a transference  of  the  obstructing  process  from 
the° cavernous  sinus  of  one  side  by  way  of  the  transverse  and  circular  sinuses 
to  the  cavernous  sinus  of  the  opposite  side. 

The  majority  of  cases  are  traumatic;  according  to  de  Sehweinitz,  60 
per  cent. — 110  in  181  cases.  Punctured  rounds,  gunshot  injuries,  and 
fracture  at  the  base  of  the  skull  are  the  chiei  traumatisms.  Rupture  of  the 
internal  carotid  artery  into  the  cavernous  sinus  is  generally  due  to  basal 
fracture.  Other  cases  are  idiopathic. 

Diagnosis. — The  diagnosis  in  topical  cases  is  not  difficult,  but  the 
exact  character  of  the  lesion  is  often  impossible  to  determine.  Vascular 
tumors  offer  more  resistance  to  pressure  than  do  aneurismal  conditions,  and 
the  proptosis  caused  is  less  likely  to  be  directly  forward.  History  of  a fall 
or  blow  on  the  head  vitl  unconsciousness  places  the  lesion  probably 
with  the  majority:  \e„  intracranial.  Following  penetrating  wounds  into 
the  orbit,  intra-orbl+al  arterio-venous  communication  has  likely  been  estab- 
lished. WheEei  the  ophthalmic  artery  is  the  seat  of  an  aneurism  in  its 
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intracranial  or  in  its  intra-orbital  portion  is  impossible  definitely  to  deter- 
mine. 

Prognosis. — This  is  favorable,  providing  surgical  interference  is  per- 
mitted. The  distressing  subjective  symptoms  can  generally  be  relieved  or 
completely  cured.  If  the  condition  is  allowed  to  continue  and  increase  in 
severity,  the  eyeball  is  apt  to  suffer  destruction  from  secondary  glaucoma, 
or  keratitis  occurs  from  pressure  on  the  ophthalmic  division  of  the  fifth 
nerve  in  its  course  through  the  sphenoidal  fissure. 

Treatment. — The  most  rational  and  the  most  radical  treatment,  and 
that  which  promises  the  best  results,  is  ligation  of  the  common  carotid 
artery.  The  operation  is,  however,  not  unattended  by  danger  to  life,  al- 
though the  danger  is  being  minimized  by  modem  surgical  methods.  The 
investigations  of  de  Schweinitz  and  Holloway  show  that  the  common  carotid 
was  tied  one  hundred  and  fifty  times  for  this  affection,  with  cure  or  im- 
provement in  64.6  per  cent,  of  the  cases,  failure  in  25.3  per  cent.,  and 
death  in  10  per  cent.  This  mortality-rate  in  comparison  with  that  given 
by  some  modern  surgeons  is  extremely  low.  Digital  compression  has 
cured  some  cases,  and  probably  should  be  tried  first.  With  compression, 
full  doses  of  potassium  iodid  and  a restricted  diet  have  been  recommended. 
Spontaneous  cure  rarely  occurs. 

De  Schweinitz  advises  the  order  of  procedure  as  follows : Compression 
with  or  without  the  administration  of  potassium  iodid ; n event  of  failure, 
ligation  of  the  common  carotid.  If  ligature  of  a common  carotid  fails,  an 
attempt  should  be  made  before  tying  the  second  carotid  to  dissect  out 
and  tie  the  distended  superior  ophthalmic  vein,  or  any  other  distended 
orbital  veins  which  might  be  found.  Ho  strongly  recommends  the  early 
consideration  of  ligation  in  the  treatment  < f these  cases,  believing  that  com- 
pression or  medicinal  treatment  should  be  regarded  as  inefficient  unless 
signs  of  amelioration  promptly  appear. 

Intermittent  Exophthalmos  ^ <<  rare  condition  in  which  the  eyeball  is 
protruded  when  the  subject  stoops  or  leans  forward,  and  recedes  within  the 
orbit  when  he  is  erect  or  In  the  recumbent  position.  Or  the  exophthalmos 
may  be  voluntarily  proac.^d  by  the  act  of  blowing.  Posey  reports  a case 
in  which  a young  adiiVo  could  in  this  manner  voluntarily  proptose  the  left 
eyeball  fifteen  millimetres  in  advance  of  its  fellow.  The  cause  is  presum- 
ably some  varicose  condition  of  the  veins  of  the  orbit.  These  veins  are  not 
in  communication  with  an  artery,  which  differentiates  the  condition  from 
pulsaMi.g  exophthalmos  (Fuchs).  Weeks  has  observed  2 cases  due  to  pps- 
terior  elhmoiditis  in  which  the  escape  of  secretions  was  temporarily  inter- 
fered with.  The  ethmoidal  cells  affected  passed  directly  under  the  floor 
of  the  orbit  posteriorly. 

Enophthalmos. — This  condition  is  a recession  of  the  eyeball  within  the 
orbit,  and  may  be  idiopathic  or  traumatic.  Idiopathically  it  is  found  after 
absorption  of  the  orbital  fatty  cellular  tissue  in  the  aged,  or  after  long- 
continued  wasting  disease,  or  after  rapid  extraction  of  the  fluids  of  the  body, 
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such  as  occurs  in  Asiatic  cholera  (von  Graefe).  These  cases  are  always 
bilateral.  To  a slight  extent  it  may  often  be  noted  during  an  attack  of 
migraine;  it  is  then  unilateral.  Very  rarely  the  eyeball  is  retracted  by  the 
combined  and  simultaneous  action  of  the  four  recti  muscles  spastic  enoph- 
thalmos. W.  Forster  has  reported  a case  of  enophthalmos  incident  to 
forcible  separation  of  the  eyelids,  the  eyeball  returning  to  its  normal 
position  when  no  force  was  applied.  The  patient  was  aged  and  emaciated. 
Two  similar  cases  have  since  been  reported. 

Etiology  and  Pathology. — The  pathology  of  traumatic  enophthal- 
mos has  been  the  subject  of  much  discussion,  and  as  yet  is  based  on  a num- 
ber of  theories.  Beer  believes  the  lesion  to  be  one  of  the  nerve-centres  or 
tracts,  particularly  of  the  sympathetic  or  trigeminal  nerves,  causing  absorp- 
tion and  atrophy  of  the  orbital  cellular  tissue.  Gessner  presumes  it  to  be 
due  to  periostitis  of  some  portion  of  the  orbital  wall  and  inflammation  of 
the  retrobulbar  tissue  resulting  in  cicatricial  contraction,  the  eyeball  falling 
backward  owing  to  the  reduced  bulk  of  the  orbital  contents.  Schapringer’s 
theory  is  that  Muller’s  orbital  muscle  is  paralyzed  from  injury  to  the  sym- 
pathetic nerve,  thus  increasing  the  orbital  space  and  permitting  of  recession 
of  the  eyeball.  Lang,  Tweedy,  Langenbeck,  and  others  regard  fracture  of 
the  orbital  wall  as  the  determining  cause  of  traumatic  enophthalmos.  In 
this  connection  a distinction  should  be  made  between  displacement  of  the 
eyeball  in  certain  cases  of  undoubted  and  extensive  fracture  and  cases  of 
enophthalmos  in  which  no  such  fracture  is  demonstrable.  Lederer  con- 
cludes that  traumatic  enophthalmos  is  to  be  explained  by  fracture  of  ti.e 
orbital  wall  and  hemorrhage.  The  writer  is  of  the  opinion  that  the  orbit; il 
fascia  and  Tenon’s  capsule  proper  are  necessary  to  the  maintenance  of  tne 
eyeball  in  its  natural  position.  Enophthalmos  will  result  fron  disease  or 
injury  of  this  fascia,  if  so  situated  and  so  extensive  as  to  thro  w ;he  balance 
of  power  in  favor  of  the  enophthalmic  forces.  This  may  be  the  case  in 
paralysis  of  the  smooth  muscular  fibres  in  the  check  ligaments,  or  in  nutri- 
tional disturbance  leading  to  atrophy  or  relaxation  of  too  same.  It  may 
result  from  traumatic  rupture  of  the  check  ligaments  or  of  the  orbital  at- 
tachment of  the  fascia;  or  especially  liable  wouid  :t  be  to  follow  rupture  of 
the  posterior  investing  sheath  of  the  eyeb;ll  (W.  T.  Shoemaker). 

Symptoms. — The  symptoms  of  idiopatnic  bilateral  enophthalmos  are 
simply  a recession  of  the  eyeballs  directly  jackward,  with  the  characteristic 
sunken  appearance  of  the  eyes.  T ie  palpebral  fissures  are  not  narrowed. 

In  traumatic  enophthalmos  the  appearance  is  different.  The  eyeball  is 
not  only  retracted,— it  may  be  directly  backward,— but  is  very  often  low- 
ered. with  the  axis  directed  upward.  The  palpebral  fissure  is  always  nar- 
rowed, and  the  appearauc<  is  that  of  an  artificial  eye  (Nieden).  As  the 
visual  axes  are  no  longer  in  accord,  diplopia  is  often  complained  of,  and  the 
excursions  of  the  eyeball  may  be  more  or  less  limited,  owing  to  the  altered 
muscular  relations,  the  radii  of  muscular  action  being  shortened.  Trau- 
matic enophcl  almos  is  permanent. 
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Exophthalmic  Goiter  (Parry’s  Disease;  Graves’s  Disease;  Basedow’s 
Disease). — The  three  cardinal  and  characteristic  symptoms  of  this  disease 
are  tachycardia,  enlargement  of  the  thyroid  gland,  and  exophthalmos.  The 
secondary  symptoms  are  tremor,  excessive  sweating,  nervousness,  mental  de- 
pression, apprehension,  emaciation,  pain  and  weakness  in  the  extremities, 
brittleness  of  the  nails,  loss  of  hair  (including  eyelashes  and  eyebrows), 
increased  lacrimation,  conjunctivitis,  diminished  power  of  convergence,  and 
other  less  common  symptoms.  Tremor  is  a very  constant  symptom,  al- 
though at  times  coming  on  only  late  in  the  disease,  and  has  been  classed  by 
some  writers  as  a cardinal  symptom  (Butler). 

Of  the  three  cardinal  symptoms,  tachycardia  is  almost  constant,  and 
is  the  first  to  appear.  One  or  both  of  the  other  symptoms  may  be  absent  for 
a long  time.  According  to  Gowers,  exophthalmos  is  absent  in  about  one- 
tenth  of  the  cases  and  the  goitre  in  about  one-twelfth.  The  heart's  action 
always  reaches  100  per  minute,  and  has  been  frequently  noted  at  200. 

The  goitre  may  be  unilateral  or  bilateral ; but  if  bilateral  it  is  gen- 
erally more,  marked  on  one  side  than  on  the  other,  and  commences  vP  that 
side.  The  exophthalmos  may  likewise  be  unilateral  or  bilatc^ai,  but  is 
generally  bilateral.  It  usually  corresponds  in  size  to  that  "I  the  goitre, 
but  several  cases  have  been  reported  in  which  the  goitre  wac  on  one  side  and 
the  exophthalmos  was  on  the  opposite  side.  All  degrees  of  exophthalmos 
are  found,  and  very  rarely  actual  dislocation  of  the  eyeball  has  occurred. 
Many  patients  complain  of  an  intolerable  sensation  o."  neat,  which  may  lead 
them  to  cast  aside  their  clothing  and  enables  then  withstand  low  degrees 
of  external  temperature.  The  disease  is  >ne  of  early  adult  life,  and  prin- 
cipally affects  females.  Higgins  places  the  percentage  of  cases  occurring  in 
women  at  95  or  97  per  cent.  This  is  probably  too*  high.  Butler  states  the 
ratio  to  be  3 to  1.  The  same  author  calls  attention  to  a family  tendency. 

The  special  eye  symptoms  >t  exophthalmic  goitre  are  important  and 
interesting.  Three  phenomena  affecting  the  lids  are  classic,  and  should 
be  carefully  sought  for,  although  they  are  not  always  to  be  found. 

Von  Graefe's  Stgi  consists  of  a want  of  a proper  co-ordination  be- 
tween the  upper  lid  and  tne  eyeball,  when  the  latter  is  rotated  downward. 
Normally,  in  this  action  of  the  eyeball  the  upper  lid  follows  proportionately, 
the  amount  of  conn  a covered  by  the  lid  remaining  the  same.  In  Graves’s 
disease  the  l*d  aoes  not  so  follow;  the  cornea  passes  from  under  the  lid, 
and  a line  of  sclerotic  becomes  visible  above.  Lewin  has  observed  this 
phenomenon  in  55.5  per  cent,  of  the  cases  of  Graves’s  disease,  Hill  Griffith 
in  13,2,  Passler  in  17.6,  and  West  in  14  per  cent,  of  the  cases.  Fitzgerald 
has  noted  4 cases  of  Graves’s  disease  with  one-sided  exophthalmos,  and 
von  Graefe’s  sign  corresponding  to  that  side.  Hack  has  seen  1 case  of 
unilateral  exophthalmos  with  von  Graefe’s  sign  in  which  the  latter  dis- 
appeared with  the  former. 

Wilbrand  and  Saenger  have  collected  39  cases  of  Graves’s  disease  classi- 
fied as  follows : Exophthalmos  in  37  cases — double  in  33  and  one-sided  in  4. 
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Of  the  cases  of  bilateral  exophthalmos,  von  Graefe’s  sign  and  Stellwag’s 
sign  were  found  in  5.  Yon  Graefe’s  sign  was  positive  and  Stellwag’s  sign 
was  questionable  in  14,  and  both  “signs”  were  questionable  in  4.  In  ah  4 
cases  of  unilateral  exophthalmos  both  “signs”  were  found  affecting  the 
proptosed  eye.  In  6 cases  exophthalmos  and  both  “signs”  were  not  to  be 
found.  Yon  Graefe’s  sign  and  Stellwag’s  sign  without  exophthalmos  were 
found  in  1 case,  and  in  2 cases  Stellwag’s  sign  alone  was  found.  Sharkey, 
in  613  cases,  found  von  Graefe’s  sign  in  601. 

Several  theories  have  been  advanced  for  the  explanation  of  this  i 
phenomenon.  Von  Graefe  believed  it  to  be  due  to  stimulation  of  the 
sympathetic  nerves  whereby  the  fibres  of  Muller’s  palpebral  muscle  were 
contracted,  thus  holding  the  lid  back.  Dilation  of  the  pupils,  which  should 
follow  stimulation  of  the  cervical  sympathetic,  is  not,  however,  an  accom- 
panying symptom.  ,.  ,. 

Sattler’s  explanation  is  a disturbance  of  the  reflex  and  co-ordination 

centres  (association  centres).  Against  this  theory  has  been  urged  an  in- 
sufficient knowledge  of  these  centres  to  warrant  its  acceptance.  Also  that 
long-continued  disturbance  of  these  centres  should  produce  lasting  results, 
which  is  not  the  case.  Contraction  of  the  levator  palpebral  muscle  broug  i 
on  by  increased  blood-supply  is  the  theory  of  Ferri;  and  an  insufficiency 

of  the  orbicularis  is  that  of  Sharkey. 

Mobius  and  Bruns  hold  that  in  Graves’s  disease  there  is  an  increased 
activity  or  power  of  the  eye-musculature — an  hypertonus  of  the  levator 
muscle.  Mobius  believes  that  the  primary  phenomenon  is  Stellwag’s  si0u, 
and  that  this  is  followed  by  von  Graefe’s  symptom. 

Last  must  be  mentioned  the  mechanical  theory  of  Wilb -and  and 
Saenger,  which  seeks  to  explain  the  phenomenon  by  a retrograde  or  reversed 
action  of  those  muscle-fibres  connecting  the  levator  palpebras  ai.a  the  supe- 
rior rectus  muscles,  which  also  have  connection  with  the  fornix  of  the  con- 
junctiva. Normally,  when  the  eyeball  is  rotated  downward,  traction  made 
upon  the  fornix  is  transmitted  through  the  above-mentn  ned  fibres  to  the 
superior  rectus  and  levator  muscles,  and  the  lid  D ,mlc  to  follow  the  eyeba  1. 
Under  certain  circumstances,  notably  those  for  no  in  certain  cases  of  exop  i- 
tlialmic  goitre,  this  relationship  is  disturbed,  and  the  upper  lid  is  mechan- 
ically not  in  condition  to  follow  the  evebali. 

Stellwag’s  Sign  consists  of  dimiui  bed  frequency  of,  and  imperfect, 
winking  A rapid  succession  of  im  oerfect  winks  may  be  followed  by  a 
long  pause  without  winking.  The  winking  is  imperfect  in  that  the  ids 
do  not  meet.  The  insufficiency  is  in  part  due  to  lessened  reflex  irritability 
of  the  cornea  and  retina.  Sattler  considers  the  lesion  one  of  the  reflex 
centres  governing  the  retina,  the  cornea,  and  the  conjunctiva,  ^wanzy 
thinks  the  imperfect  winking  is  probably  due  to  insufficiency  of  the 
orbicularis  rather  than  to  overaction  of  the  levator. 

Infrequent  nictitation  may  be  found  in  hystero-epilepsy.  It  was  also 
noted  by  Sav  age  in  a twenty-five-year-old  woman  who  was  otherwise  healthy. 
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He  could  examine  the  fundus  with  the  ophthalmoscope  for  half  an  hour 
without  the  patient  winking. 

On  account  of  the  imperfect  closing  of  the  lids,  the  lower  portion  of  the 
cornea  may  suffer  ulceration  or  pannus  formation. 

Dalrymple’s  Sign. — This  is  a retraction  of  the  upper  lid,  with  con- 
sequent widening  of  the  palpebral  fissure.  It  gives  to  the  patient  the 
characteristic  stare  and  look  of  apprehension.  Other  conditions  producing 
a similar  widening  of  the  palpebral  fissure  are  orbital  tumor  (mechanically)  , 
stimulation  of  the  cervical  sympathetic^  cocain  (probably  by  action  on  the 
sympathetic),  hysteria  (occurring  in  women  after  childbirth),  tetanus 
(spasm  of  the  occipito-frontalis  muscle),  and  complete  amaurosis. 

Another  phenomenon,  which  is,  however,  not  characteristic  of  exoph- 
thalmic goitre,  is  tremor  of  the  upper  lid  when  an  effort  is  made  gently 
to  close  the  eye  (Rosenbach’s  phenomenon).  It  is  due  to  an  antagonism  or 
want  of  harmonious  action  between  the  palpebral  portion  of  the  orbicularis 
and  the  levator  muscle.  Joffroy  has  noticed  that,  when  the  patient  with 
Graves’s  disease  holds  the  head  down  and  attempts  to  look  up  without  rais- 
ing the  head,  the  forehead  remains  smooth.  Normally  under  sufii  circum- 
stances it  should  wrinkle.  Mobius  noted  a deficiency  in,  01  it  may  he  a 
complete  loss  of,  convergence  power,  and  Harold  Gifford  in  1006  called  at- 
tention to  great  difficulty  in  everting  the  upper  lid,  due  to  retraction  and 
rigidity.  This  he  had  observed  as  an  early  but  not  constant  phenomenon. 
Periodic  edema  of  the  eyelids  has  been  noted  in  a number  of  cases,  and 
in  one  case  three  years  before  the  disease  declared  itself  (Wilbrand  and 
Saenger) . Discoloration  of  the  skin,  sir  o’lar  to  that  found  in  Addison’s 
disease,  has  been  noticed  in  a few  cases  (Stxmy). 

Falling  of  the  eyelashes  and  eyebrow®  occasionally  occurs  in  the  begin- 
ning or  in  the  course  of  the  disease.  Sattler  attributes  it  to  trophic  dis- 
turbance. 

Conjunctivitis  and  laorimnnon  are  common  in  cases  with  marked 
exophthalmos.  The  conjunctivitis  is  probably  due  to  diminished  sensi- 
bility of  the  conjunctiva  and  imperfect  nictitation.  The  lacrimation  and 
epiphora  are  thoughi  by  Merger  to  be  due  to  stimulation  of  the  sympathetic 
nerve,  causing  increa&ed  secretion  from  the  lacrimal  gland.  Schmidt- 
Rimpler,  on  the  oilier  hand,  considers  these  symptoms  to  be  the  result  of 
mechanical  irritation  of  the  conjunctiva,  which,  on  account  of  the  proptosis 
and  widened  palpebral  fissure,  is  more  exposed  than  is  normally  the  case. 
Another  clement  in  the  causation  is  displacement  of  the  puncta  lacrimalia. 
The  cornea  suffers  keratitis  e lagophthalmo;  opacities  may  appear  on  the 
lover  portion,  followed  possibly  by  ulceration,  or  the  unprotected  portion 
cf  the  cornea  may  become  covered  with  pannus.  One  or  both  eyes  may  be 
destroyed.  Mooren  and  Spalding  have  recorded  cases  in  which  enucleation 
was  necessary  on  account  of  purulent  chorioiditis. 

The  exophthalmos  is  probably  due  to  increase  of  the  retrobulbar  orbital 
contents.  That  there  is  a temporary  increase  in  the  amount  of  orbital  fat 
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has  been  clearly  demonstrated;  also  there  is  an  increased  amount  of  blood 
in  the  orbital  vessels. 

In  accordance  with  the  theory  of  sympathetic  irritation,  contraction 
of  Muller’s  orbital  muscle,  which  covers  the  spheno-maxillary  fissure,  as 
well  as  contraction  of  other  smooth  muscle-fibres  in  the  orbit,  has  been 
advanced  as  a causative  factor  of  the  exophthalmos.  After  death  the  ex- 
ophthalmos in  part  disappears,  which,  of  course,  favors  the  theory  of  mus- 
cular spasm  and  increased  blood-supply.  Ivnies  states  that  dilated  pupils 
as  well  as  unequal  pupils,  with  retained  reflex  activity,  are  frequently  found. 
This  he  attributes  to  sympathetic  irritation. 

Contrary  to  what  might  be  expected,  fundus  changes  in  exophthalmic 
goitre  are  generally  wanting,  or,  if  present,  are  neither  pronounced  nor 
characteristic.  In  some  cases  the  arteries  are  enlarged  from  vasomotor 
paralysis.  They  may  equal  the  veins  in  calibre.  Spontaneous  arterial  pul- 
sation was  found  by  Becker  six  times  in  seven  cases.  The  veins  may  be 
tortuous.  Very  rarely  optic  neuritis  and  optic-nerve  atrophy  are  found. 

It  should  be  remembered  that  exophthalmic  goitre  occurs  often  coinci- 
dently  with  other  diseases  of  flip  nervous  system,  or  constitutional  diseases, 
such  as  hysteria,  multiple  sclerosis,  bulbar  paralysis,  diabetes  mellitus,  or 
diabetes  insipidus.  Care  must  therefore  be  observed  not  to  attribute  to 
exophthalmic  goitre  changes  which  might  be  due  to  other  diseases. 

Nature  of  the  Disease.— The  pathology  of  exophthalmic  goitre  is  as 
vet  not  known  with  certainty.  For  a full  discussion  of  the  various  views 
on  this  subject  works  on  nervous  diseases  and  internal  medicine  must  oe 
consulted.  Suffice  it  here  to  say  that  there  are  two  chief  theories,  ea'  h 11 
which  is  warmly  supported  by  many  competent  observers.  The  me  bolds 
the  disease  to  be  primarily  of  the  cervical  sympathetic.  Gordon  says  that 
the  theory  based  on  the  influence  of  the  sympathetic  nerves  covers  all  cases 
without  exception.  The  other  theory  is  based  on  an  increased  thyroid  secre- 
tion (hyperthyroidization)  as  well  as  a perversion  of  the  secretion.  This  is 
held  to  be  the  primary  cause,  the  other  changes  being  produced  secondarily. 

The  latter  theory  is  probably  correct.  _ 

Prognosis. — In  cases  of  pure  Graves’s  disease  this  may  be  said  to  be 
good  As  mentioned  above,  however,  there  is  a great  tendency  for  Graves’s 
disease  to  occur  coincidently  with  other  diseases  in  which  the  prognosis 
is  not  so  favorable.  Occurring  in  highly  nervous  and  debilitated  indi- 
viduals, the  prognosis  is  not  so  favorable  as  when  occurring  in  individuals 
who  have  previously  enjoyed  robust  health,  and  are  not  members  of  that 
large  class  of  neurotics.  Williams,  of  Manchester,  in  a study  of  24  cases 
found  6 to  be  fatal,  complex  recovery  in  7,  improvement  in  7,  the  condi- 
tion unchanged  in  3,  end.  1 case  in  which  the  patient  was  following  his 
occupation,  but  the  exact  condition  was  unknown.  The  cases  not  dead  or 
recovered  were  observed  for  a period  of  five  years. 

Treatmev*  . — Works  on  internal  medicine  and  neurology  must  be 
consulted  for  the  general  treatment  of  exophthalmic  goitre.  At  the  present 
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time  surgical  measures  for  the  relief  of  this  affection  are  being  actively  dis- 
cussed and  tried.  Such  are  simple  exposure  of  the  thyroid  gland  (exo- 
thyropexy),  resection  of  the  cervical  sympathetic  ganglia,  ligation  of  three 
of.  the  thyroid  arteries,  and  partial  extirpation  of  the  gland.  The  ocular 
complications  must  be  met  as  they  arise.  If  the  protrusion  of  the  eyeball 
is  sufficient  to  threaten  the  cornea  from  exposure,  the  palpebral  fissure  may 
be  reduced  in  length  by  tarsorrhaphy.  If  more  radical  measures  are  neces- 
sary, the  edges  of  the  lids  may  be  denuded  and  the  two  united  by  stitches  in 
theii  entire  extent,  thus  obliterating  the  palpebral  fissure.  The  fissure  may 
at  the  proper  time  be  re-formed.  Protection  of  the  cornea  is  the  important 
point  to  be  kept  constantly  in  mind. 

WOUNDS  AND  INJURIES  OF  THE  ORBIT. 

Under  this  heading  we  have  for  consideration  simple  contusion  of  the 
periorbital  tissues  (black  eye),  contused  and  incised  wounds  around  the 
orbital  margin,  punctured  and  penetrating  wounds  of  the  orbital  tissues, 
dislocation  of  the  eyeball,  fracture  of  the  orbital  walls,  traumatic  exoph- 
thalmos, and  the  entrance  into  the  orbit  of  foreign  bodies. 

Contusion  of  the  periorbital  tissues  (black  eye)  results  Uorj  blows  at 
the  entrance  of  the  orbit,  and  in  this  country  and  in  En  ^icnti.  is  often  re- 
garded as  evidence  of  a preceding  fistic  encounter.  Uncomplicated,  the 
symptoms  are  those  of  any  ordinary  contusion.  Bloou  is  cxtravasated  within 
the  tissues  of  the  lids  and  under  the  conjunctiva  cau  sing  the  characteristic 
discoloration.  The  eyelids  are  swollen,  often  to  the  extent  of  complete 
closure.  The  eyeball  suffers  in  proportion  to  its  prominence  and  the  amount 
of  violence  sustained.  Emphysema  indica ‘ec  a fracture  establishing  com- 
munication with  air-spaces,  the  ethmoid  usually  being  fractured  in  these 
cases,  thus  opening  the  ethmoidal  cells. 

The  prognosis  is  good.  The  treatment  aims  at  absorption  of  extrava- 
sated  blood.  To  this  end  hot  fomentations  and  pressure  are  of  use. 

Injuries  to  the  Orbital  fta-gin. — Considering  the  sharpness  and  rigidity 
of  the  orbital  margin,  it  is  not  surprising  that  rather  moderate  blows  here 
frequently  cause  woi  nds,  which,  though  contused  in  mode  of  production, 
often  have  the  appearance  of  being  incised.  Owing  to  their  contused 
nature,  they  have  more  or  less  of  a tendency  to  suppurate.  They  should  be 
carefully  cleansed,  stitched,  and  protected  antiseptically. 

A much- discussed  question  in  former  years  was  the  occurrence  of  blind- 
ness following  blows  at  the  margin  of  the  orbit,  there  being  no  demonstrable 
injur}  p the  eyeball  itself.  That  this  has  occurred  many  times  is  well 
known.  The  cause  is  to  be  sought  in  injury  to  the  optic  nerve,  either  from 
fracture  in  the  neighborhood  of  the  optic  foramen  or  from  hemorrhage  into 
‘he  orbit  destroying  the  nerve  by  pressure.  The  supra-orbital  and  infra- 
orbital  nerves  are  often  injured  by  blows  in  this  situation,  causing  anesthesia 
of  the  parts  supplied,  but  there  is  no  known  association  between  these  nerves 
and  the  optic  nerve,  as  some  writers  have  endeavored  to  prove. 
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Wounds  of  the  Soft  Tissues  of  the  Orbit  are  usually  punctured  in  char- 
acter. They  are  caused,  as  a rule,  by  sticks,  bayonets,  umbrella  ferrules, 
swords,  etc.,  being  thrust  into  the  orbit,  or  by  missiles  of  almost  every 
kind  striking  at  the  orbital  entrance.  The  bones  may  or  may  not  be  frac- 
tured; the  periosteum  may  be  injured  or  not,  according  to  the  depth  ot 
penetration,  and  the  supra-orbital  and  infra-orbital  nerves  may  be  lacer- 
ated or  severed.  The  ocular  muscles  may  be  cut  or  completely  detached,  the 
eyeball  ruptured,  the  optic  nerve  injured,  or  the  eyeball  dislocated.  The 
svmptoms  and  prognosis  correspond  with  the  extent  of  the  injury. 

Treatment  must  meet  the  exigencies  of  the  case,  and  must  accord  with 
o-eneral  surgical  principles.  If  the  muscles  are  severed  an  attempt  should 
be  made  to  find  the  ends  and  unite  them.  If  the  eyeball  is  ruptured  it 
should  be  saved,  if  possible,  by  repairing  the  rent  and  by  careful  antiseptic 


Fig.  365. — Avulsion  of  the  eyeball.  (Barck.) 


dressing  If  such  efforts  are  not  warranted,  it  should  be  euucleated,  or, 
better  still,  eviscerated  and  an  artificial  vitreous  implanted  Pioiiing  of  the 
wound  must  be  done  onlv  with  great  care  and  scrupulous  cleanliness. 

Luxation  and  Avulsion  of  the  Globe.— As  Barck  has  said,  it  is  neces- 
sary to  make  a distinction  between  these  terms.  Juration  means  that  the 
eyeball  lies  in  front  of  the  lids,  which  close  spasmodically  behind  it.  The 
optic  nerve  and  muscles  are  stretched,  but  their  connection  with  the  globe 
and  with  the  other  orbital  structures  is  maintained.  Avulsion  indicates 
that,  owing  to  rupture  of  the  optic  nerve  and  the  severance  of  the  majority 
or  all  of  the  extrinsic  muscles,  the  connection  is  broken. 

Luxation  may  occur  spontaneously,  as  in  some  cases  of  exophthalmic 
o-oitre,  and  in  persons  with  abnormally  shallow  orbits  and  prominent  eye- 
balls It  may  also  occur  when,  after  the  introduction  of  an  eye  speculum, 
the  patient  struggles,  cries,  or  coughs.  Depoutol  saw  a young  man  with 
an  opisthognatous  far'  who  could  dislocate  his  eyeball  by  blowing  the  nose 
violently  Generally,  however,  luxation  results  either  from  the  impact 
of  a large,  bhi  it,  foreign  body;  from  self-inflicted  injury  produced  by  the 
insane  with  .heir  fingers;  or  from  the  barbarous  practice  of  gouging, 
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which  is  said  to  be  common  among  the  natives  of  Uganda,  Africa.  In  a 
few  instances  luxation  has  occurred  in  difficult  instrumental  deliveries. 

Avulsion  is  produced  in  this  manner : the  missile  causative  of  luxation 
also  acts  as  a lever,  with  sufficient  energy  to  sever  the  optic  nerve  and 
lacerate  the  muscles.  The  unyielding  orbital  margin  acts  as  a fulcrum. 
Avulsion  has  been  caused  by  falls  upon  blunt  projecting  bodies.  Thus,  it 
has  resulted  from  a fall  upon  keys  which  were  in  their  locks,  from  the 
impact  of  a boar’s  tusk,  etc. 

Diagnosis. — Inspection  will  at  once  reveal  the  true  condition. 

Prognosis. — In  luxation  the  eyeball  may  or  may  not  be  ruptured.  11 
torn,  the  case  will  probably  require  enucleation.  If  the  globe  is  simply 
luxated  the  prognosis  is  generally  favorable,  although  severe  damage  may 
have  been  done  to  the  optic  nerve,  retina,  ehorioid,  and  lens.  In  avulsion 
the  eye  is  lost. 

Treatment. — This  consists  in  the  earliest  possible  replacement  of  the 
eyeball  within  the  orbit.  It  may  be  easily  accomplished  byr  separating  the 
lids  and  gently  pushing  the  globe  backward.  If  it  is  attended  wit),  great 
difficulty,  owing  to  the  swelling  of  the  lids  and  their  tight  constriction, 
retractors  should  be  passed  under  the  lids.  In  the  event  of  failure,  the 
outer  canthus  must  be  cut,  the  lids  replaced,  and  the  wound  stitched. 
After  reduction,  rest  and  iced  compresses  are  indicated,  a^ter  which  a com- 
press bandage  should  be  worn  for  some  time.  If  th_  eyeball  is  ruptured  the 
indications  for  treatment  are  such  as  are  described  eisewhere  for  this  con- 
dition. If  a case  of  avulsion  is  seen  early  ar  d so  ik  of  the  muscles  are  still 
attached,  an  attempt  may  be  made  to  stitch  the  globe  into  place  with  the 
hope  of  saving  it  for  cosmetic  reasons,  if  there  is  cause  to  believe  that 
the  germs  of  infection  have  been  carried  into  the  orbit,  an  enucleation 
should  be  made. 

Fracture  of  the  Orbital  Bon  js.  —Orbital  fracture  is  not  rare  after  head 
injuries,  and  it  is  probable  that,  were  Ave  able  to  examine  more  exactly 
the  walls  of  the  orbit,  many  "a*es  of  fracture  would  be  found  which  at  the 
present  time  it  would  be  impossible  to  diagnose.  Many  of  the  bones  are 
exceedingly  thin  and  delicate,  and  are  placed  between  bones  of  much  greater 
density.  It  is  doubtful  if  they  are  thus  better  protected  or  are  more  liable 
to  injury;  a box  cu .•  between  two  Pullman  coaches  in  a railroad  collision  is 
always  broken  to  splinters. 

The  roof,  the  floor,  and  the  inner  wall  of  the  orbit  are  all  thin ; the 
margin,  the  external  wall,  and  the  apex  are  quite  dense  and  strong.  Frac- 
ture involving  the  roof  renders  the  patient  liable  to  meningitis,  and  these 
cases  frequently  end  fatally.  Fracture  of  the  floor  establishes  a communica- 
tion with  the  antrum,  and  often  injures  the  infra-orbital  nerve,  while 
1 iacture  of  the  inner  wall  opens  the  ethmoid  cells.  When  air-spaces  are 
broken  into,  emphysema  of  the  orbital  cellular  tissue  is  a symptom.  Frac- 
ture at  the  apex,  if  through  the  optic  foramen,  almost  to  a certainty  destroys 
sight;  if  through  the  sphenoidal  fissure,  the  third,  the  fourth,  the  ophthal- 
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mic  division  of  the  fifth,  and  the  sixth  nerve  are  liable  to  injury,  as  well  as 
are  the  ophthalmic  and  some  smaller  veins. 

Fracture  of  the  outer  orbital  wall  is  the  most  easily  diagnosed  with  cer- 
tainty, and  is  attended  with  results  generally  less  serious  than  when  the 
fracture  is  elsewhere — with  the  exception  of  fracture  limited  to  the  margin. 
Small  fragments  of  the  orbital  margin  are  not  infrequently  broken  off, 
and  cause  very  little  trouble,  becoming  reattached,  leaving  only  a slight 
inequality  or  deformity.  It  is  probable,  however,  that  in  many  of  these 
cases  there  is  a fissured  fracture  running  backward  into  the  orbit.  The 
most  dangerous  fractures  are  those  of  the  roof. 

The  investigations  of  von  Holder  are  instructive.  He  examined  the 
hones  in  124  cases  of  fracture  of  the  skull,  giving  the  following  summary : 
Of  the  124  cases,  84  were  fractures  at  the  base ; and,  of  these,  the  fracture 
in  79  cases  extended  into  the  orbital  roof.  In  63  of  the  84  cases  he  found 
a fissure  or  fracture  running  through  the  optic  canal,  always  through  the 
upper  wall  of  the  canal,  and  in  some  of  the  cases  through  the  inner  wall 
also.  In  42  cases  there  was  hemorrhage  into  the  optic-nerve  sheath,  hut 

never  unless  the  canal  was  fractured. 

These  figures  throw  much  light  on  the  rather  large  class  of  cases  in 
which  blindness  follows  head  injuries.  Such  blindness  may  come  on  at 
the  time  of  injury  and  remain  permanent ; or,  coming  on  at  the  time  of 
injury,  vision  may  ultimately  be  in  part  or  wholly  regained;  or  impairment 
of  vision  may  appear  at  a time  subsequent  to  the  injury.  The  cases  of 
immediate  permanent  blindness  have  probably  sustained  laceration  or  even 
complete  section  of  the  optic  nerve,  by  bone  fragments  derived  from  a frac- 
tured optic  canal.  Subsequent  improvement  of  vision  would  indicate  me 
removal  of  the  immediate  cause  of  blindness.  Such  would  be,  " >r  instance, 
relief  of  pressure  upon  the  optic  nerve.  Pressure  of  a lesser  degree,  acting 
for  a longer  time,  might  cause  a slow  deterioration  of  the  optic  nerve,  end- 
ing in  partial  or  complete  blindness  at  a time  more  or  less  remote  from  that 

of  the  injury.  . 

Some  of  these  cases  may  show  little  or  no  opninalmoscopie  evidence 
of  the  injury  at  the  time.  After  extensive  hemcrrtiage  into  the  sheath  of 
the  optic  nerve,  the  ophthalmoscope  wou  d show  full  veins  and  reduced 
arteries,  fresh  hemorrhages  into  the  retina  or  even  into  the  vitreous,  bluiring 
of  the  disk-margins,  and  retinal  edema.  The  later  appearances  are  those 
of  neuroretinitis  and  optic-nerve  atrophy. 

Cerebral  symptoms,  due  to  intracranial  hemorrhage  and  inflammation, 
are  to  be  expected  when  the  root  of  the  orbit  has  been  broken  through,  and 
it  is  worthy  of  note  that  tlnv  may  be  delayed  a long  time.  In  one  case 
referred  to  by  Noyes,  cerebral  symptoms  appeared  forty  days  after  injury 
by  a foreign  bodv.  Tn  a series  of  52  cases  of  perforating  wound  of  the 
orbital  roof  collected  by  Berlin,  41  died  and  11  recovered.  Of  the  11  recov- 
eries, 3 were  hemiplegic,  1 had  persistent  headache,  and  1 became  an  imbe- 
cile. ’ A syin  item  of  importance,  although  not  constant,  when  the  cribri- 
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form  plate  of  the  ethmoid  is  broken,  is  the  dropping  of  a clear  fluid  from 
the  nostril  on  the  side  of  the  injury.  Bleeding  from  the  nose  is  evidence  of 
ethmoidal  fracture;  hemorrhage  into  the  mouth  has  usually  come  through 
the  antrum,  and  points  to  a fracture  in  the  floor  of  the  orbit.  Hemorrhage 
into  the  orbit  in  some  degree  is  a natural  consequence  of  almost  all  orbital 
fractures,  the  former  being  in  many  cases  only  a symptom  of  the  latter. 
Exophthalmos  will  depend  upon  the  amount  of  hemorrhage.  Enophthal- 
mos  may  follow  fracture  at  certain  situations  in  the  orbit,  but,  owing  to  the 
still  unsettled  views  as  to  the  pathogenesis  of  this  condition,  it  has  been 
considered  separately  (page  642). 

The  symptomatology  of  orbital  fracture  is  always  the  same,  however 
caused.  The  mode  of  production,  however,  whether  by  a blow,  a thrust 
from  a bayonet,  sword,  umbrella  ferrule,  or  whether  from  a gunshot,  is  of 
considerable  clinical  value  in  showing  the  direction  of  immediate  impact 
and  in  giving  an  idea  as  to  the  extent  of  injury.  A punctured  wound  from 
below  upward  is  much  more  to  be  feared  than  one  from  above  downward 
or  one  directed  toward  the  temporal  wall.  Gunshot  wounds  are  here,  as 
elsewhere,  very  uncertain;  the  balls  glance,  and  may  take  any  or  many 
directions.  They  are  a little  like  bolts  of  lightning,  deciding  at  the  time 
which  way  they  will  go  next.  Furthermore,  punctured  uiu  penetrating 
wounds  may  be  probed  and  valuable  information  may  V gained  thereby. 
Probing,  however,  must  he  done  with  great  care,  cleanliness,  and  judgment. 
A probe  in  the  hands  of  an  unskillful  surgeon  may  be  a source  of  danger  not 
exceeded  even  by  the  instrument  causing  th<  original  injury. 

Treatment. — The  treatment  of  fracture  of  the  orbital  bones  and  of 
the  complications  above  described  is  that  which  general  surgical  principles 
dictate.  The  surgeon  must  keep  befort  his  mind  always  the  very  many 
contingencies,  both  near  and  remote,  v hicli  may  arise,  and  examine  repeat- 
edly along  every  available  line  of  in  ’e*  ligation  for  signs  which  will  indicate 
what  is  occurring  within.  At  uie  same  time  he  should  avoid  being  med- 
dlesome, and,  if  through  a penetrating  wound  he  has  with  a probe  once 
demonstrated  to  his  satiflaition  the  existence  of  a fracture,  he  should  be 
content  to  believe  that  any  further  probing  can  be  only  harmful.  If  the 
injury  has  been  inflicted  oy  some  tool  or  instrument,  an  examination  of  the 
tool  or  instrument  should,  if  possible,  be  made,  to  determine  if -any  portion 
of  it  is  missing  which  may  have  remained  in  the  orbit.  Pus  must  be 
evacuated,  ictured  structures  (so  far  as  possible)  repaired,  and  function 
preserv  ed. 

Foreign  Bodies  in  the  Orbit. — Foreign  bodies  may  enter  the  orbit  and 
remain  for  a long  time  undetected,  or  they  may  at  once  manifest  them- 
=elv<  s in  ways  depending  upon  the  amount  of  damage  done.  Small  bodies — 
such  as  shot — are  often  very  difficult  or  impossible  to  locate,  and  in  many 
cases  may  remain  within  the  orbital  tissues,  become  encapsulated,  and  cause 
no  trouble. 

The  path  of  entrance  of  a foreign  body  into  the  orbit  is,  as  a rule, 
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sinuous,  and  therefore  difficult  satisfactorily  to  probe.  As  explained  by 
Noyes,  the  body  entering  the  orbit  reaches  the  fasciae  and  forcibly  drags  the 
eyeball  around  toward  the  side  of  entrance;  when  the  body  has  come  to 
rest,  the  eyeball  returns  to  its  normal  position,  thus  making  the  path  sinuous 
and  corresponding  not  at  all  to  the  direction  of  entrance. 

Fracture  of  the  orbital  walls  or  serious  injury  to  the  intra-orbital 
structures  is  more  frequently  found  than  not,  if  the  foreign  body  enters 
with  considerable  force.  Any  foreign  body  which  can  be  located  should  be 
at  once  removed.  The  locating  of  many  foreign  bodies  has  been  much 
facilitated  by  the  ingenious  application  of  the  Roentgen  rays.  Excellent 
methods  have  been  devised  by  Sweet  and  Leonard,  of  Philadelphia,  and  by 
Davidson,  of  London. 

If,  after  any  injury  which  is  apt  to  result  in  a foreign  body  being  iett 
within ’the  orbit,  a suppurating  sinus  remains,  it  is  very  good  evidence  that 
the  body  is  still  there.  After  all  injuries  of  this  kind,  the  patient  should  be 
carefully  watched  for  a number  of  days  for  any  signs  of  bone  disturbance 
or  pus-formation.  Cases  are  on  record  of  foreign  bodies  passing  through 
the  roof  of  the  orbit  into  the  brain.  They  have  given  no  adequate  symp- 
toms at  the  time,  but  at  a later  period  have  caused  death  from  brain- 
abscess.  The  patient  should  be  carefully  questioned  as  to  the  manner  ot 
injury,  and  all  objects  implicated  in  the  propulsion  of  the  offending  body 
should  be  examined  for  broken  fragments.  Such  a procedure  is  often  use- 
ful in  dealing  with  mechanics  who  are  injured  while  at  work. 

OPERATIONS  ON  THE  ORBIT. 

Orbital  operations  are  demanded  for  the  removal  of  tumors,  cysts,  and 
foreign  bodies ; for  the  repair  of  damage  caused  by  the  entrance  of  foreign 
bodies  into  the  orbit;  for  the  evacuation  of  abscess-cavitiet  tie  removal 
of  necrosed  bone;  for  resection  of  the  optic  nerve;  and  frequently  for  the 
relief  of  diseased  processes  in  the  adjacent  cavities.  Operations  for  pros- 
thesis in  cicatricial  orbitis  have  been  described  in  Chapter  XVIII. 

Whatever  operation  is  attempted  in  this  ’•egion,  the  principles  of 
modern  surgery,  regarding  the  preparation  -V  the  patient  and  that  of  the 
instruments,  should  prevail  throughout.  The  proximity  of  the  brain  and 
the  ready  ways  of  access  thereto  should  ever  keep  before  the  operator’s  mind 

the  possibility  of  subsequent  meningii'S. 

Removal  of  Tumors. — In  deal.ug  with  intra-orbital  cysts  and  benign 
tumors  the  prime  object  should  be  to  remove  them  without  destroying  the 
eyeball  or  the  optic  nerve.  If  the  tumor  be  malignant,  it  is  generally  ad- 
visable to  remove  the  eyeball  -nd  in  some  cases  to  clean  out  the  entire  orbit 
(exenteration).  Ivnapn  - Iways  approaches  these  cases  in  an  exploratory 
manner,  being  fully  prepared  at  once  to  continue  the  operation  to  meet  the 
exigencies  of  the  case.  This  is  a wise  procedure,  for  the  extent  and  attach- 
ments, as  wel  as  the  character,  of  many  growths  cannot  be  determined 
until  the}  arv  brought  to  view. 
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Growths  situated  at  or  presenting  near  the  orbital  entrance  can  be 
exposed  by  making  a sufficient  incision  concentric  with  the  orbital  margin, 
separating  the  tissues  with  a blunt  instrument,  and  displacing  the  eyeball 
and  adnexa  upward,  downward,  inward,  or  outward  as  the  case  requires.  If 
within  the  muscle-cone,  access  is  obtained  by  exposing  the  internal  rectus 
muscle,  passing  a silk  thread  through  it  near  its  insertion,  then  detaching 
the  muscle  at  its  insertion,  and  with  the  thread  drawing  and  anchoring  the 
muscle  away  from  the  eyeball.  Strong  rotation  of  the  eyeball  outward  will 
open  up  the  space  within  the  cone.  The  growth  may  then  be  stripped  from 
its  attachments  as  far  as  possible  and  removed.  This  done,  the  rectus 
muscle  is  reattached  at  its  original  insertion  in  the  sclera.  In  this  manner 
the  optic  nerve  is  also  to  be  exposed,  and,  if  resection  is  required,  one  hook 


A-B,  Skin  incision. 


A-B,  Bone  resection. 


Fig.  366. — Kronlein  ' operation. 


is  passed  around  it  near  the  globe  and  a second  hook  worked  backward  as 
far  as  necessary,  the  intervening  nerve  being  the  portion  for  resection. 

Kronlein’s  Operation,  practiced  first  in  1887,  is  for  the  exposure  of 
the  deep  portions  of  the  orbit.  It  is  a difficult  and  tedious  operation,  but 
if  properly  done  deep-seated  growths  or  foreign  bodies  can  be  much  more 
readily  removed  than  by  working  from  tbe  orbital  entrance.  The  opera- 
tion consists  of  a temporary  osteoplastic  resection  of  the  outer  orbital  wall. 
An  incision  st»n.'ng  from  tbe  temple  is  made  to  pass  through  the  upper, 
outer  orbita1  margin,  then,  curving  within  the  margin  (to  the  nasal  or 
median  side),  carried  backward,  again  crossing  the  orbital  margin  a little 
below  its  horizontal  meridian  and  ending  in  the  temple  above  the  zygomatic 
bone,  ^ne  incision  in  its  two  crossings  of  the  orbital  margin,  and  tbe 
incHded  curve  is  carried  down  to  the  bone.  The  periosteum  of  the  orbital 
su  fare  of  the  outer  wall  is  then  detached  as  far  back  as  tbe  anterior  end 
of  the  splieno-maxillary  fissure.  By  chiseling  from  the  upper  end  of  the 
denuded  margin  obliquely  downward  to  the  splieno-maxillary  fissure,  and 
from  the  lower  end  of  the  margin  to  the  anterior  end  of  the  fissure,  or 
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by  use  of  a dental  engine  and  circular  saw,  a wedge-shaped  piece  of  bone  is 
loosened.  This,  with  its  skin  and  muscle  attachments,  may  now  be  drawn 
outward,  thus  permitting  of  ready  access  to  the  deeper  portions  of  the 
orbit.  The  periosteum  must  be  slit  before  the  intra-orbital  contents  can  be 
reached.  When  the  work  within  the  orbit  has  been  completed,  hemorrhage 
must  be  checked,  after  which  the  resected  bone  is  pushed  into  place,  the 
periosteum  is  united  with  catgut  sutures,  and  the  sldn-flaps  are  united  with 
silk.  The  after-treatment  consists  of  a compress  bandage  and  rest  in  bed 
until  healing  is  well  under  way. 

Exenteration  of  the  Orbit  consists  in  removal  of  the  orbital  contents 
in  their  entirety.  Its  indication  is  usually  malignant  disease  which  is  no 
longer  isolated,  but  involves  many  or  all  of  the  orbital  structures.  If  the 


Fig.  367. — Modification  of  Kronlein’s  operation.  (PABiNArn  and  Toohe.) 

entire  periosteum  is  healthy,  it  may  be  allowed  to  remain  (partial  exen- 
teration) ; if  diseased,  it  must  be  stripped  off  (total  e:  en  oration). . _ 

The  first  step  of  the  operation  is  to  divide  the  ou  or  canthus;  an  incision 
is  then  made  through  the  conjunctiva  of  the  everted  lower  lid  down  to,  and 
along,  the  lower  margin  of  the  orbit.  A similar  incision  is  carried  along  the 
outer,  upper,  and  finally  along  the  inner  margin..  If  the  exenteration  is  to 
be  total,  the  periosteum  is  divided  along  the  margin  and  is  stripped  from  the 
bone  back  to  the  apex;  the  apical  mass  of  tissue  is  then  divided  with  heavy 
curved  scissors  or  with  a sharp  curette.  The  orbital  contents  are  then 

removed  enveloped  in  the  perios,  eum. 

If  the  exenteration  is  to  be  partial,  the  preliminary  steps  of  the  opera- 
tion are  the  same  as  for  Lotal  exenteration;  then,  instead  of  dividing  the 
periosteum,  the  soft  (issues  are  separated  from  it  with  scissors  and  the  apex 
is  cut  or  curetted  a>  above.  In  either  case  the  eyeball  may  first  be  enucleatec 
in  the  re  cm  la  r wrv  m not,  as  desired.  Hemorrhage  in  this  operation  is  gen- 
erally copious,  but  is  easily  controlled  by  packing  aided  by  hot  water.  The 
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dressing  consists  of  sterile  gauze  packing,  which  should  remain  undisturbed 
for  two  or  three  days  before  re-dressing  in  the  same  manner. 

In  stripping  the  orbital  bone  of  the  periosteum  the  thinness  of  the 
bones  at  certain  points  should  not  be  forgotten,  and  great  care  should  be 
exercised,  especially  at  the  roof.  If  the  lids  are  also  involved  in  cases  of 
malignant  disease,  it  then  becomes  necessary  to  remove  them  along  with  the 
orbital  contents.  The  resulting  deformity  is,  of  course,  much  "increased. 
1 he  entire  orbit  may  be  closed  in  or  excluded  by  taking  flaps  of  skin  from 
the  forehead,  temple,  and  cheek.  The  deformity  is  still  considerable,  but 
far  less  revolting  than  when  the  orbit  is  uncovered. 


CHAPTER  XX. 

ANOMALIES  OF  THE  MUSCULAR  APPARATUS. 


By  WILLIAM  ZENTMAYER,  M.D.,  of  Philadelphia, 

Attending  Surgeon  to  Wills  Eye  Hospital;  Professor  of  Diseases  of  the  Eye  in  the 
Philadelphia  Polyclinic  and  College  for  Graduates  in  Medicine. 

In  order  to  understand  the  phenomena  resulting  from  disturbed  action 
of  the  orbital  muscles  it  is  essential  to  have  a clear  conception  of  the  indi- 
vidual and  associated  action  of  these  muscles  under  normal  conditions. 
The  movements  of  the  eyeball  are  effected  by  means  of  three  pairs  of 

T T 


Fig.  368. — Scheme  of  the  axes  of  rotation  of  the  ocular  mus  693. 

The  figure  at  the  left:  T-T,  antero-posterior  axis  of  the  eyeball;  C o»  a'lis  of 
rotation  of  the  superior  and  inferior  recti  of  the  left  eye.  The  figure  a».  tbj  right: 

P-P,  axis  of  rotation  of  the  superior  and  inferior  obliques  of  the  leZl  eye. 

muscles,  which  move  the  eye  about  the  centre  of  rotation.  Each  muscle  of 
a pair  is  the  antagonist  of  the  other. 

All  movements  of  the  eyeballs  are  to  he  considered  as  starting  with  the 
eyes  in  the  primary  position — that  is,  with  the  head  erect  and  the  eyes 
directed  straight  forward  to  a distant  point  ou  the  visual  plane. 

Action  of  the  Muscles. — As  the  muscular  plane  of  the  internal  and  ex- 
ternal recti  corresponds  to  the  horizontal  plane  of  the  eyeball,  these  mus- 
cles move  the  globe  respectively  directly  inward  and  outward  about  a ver- 
tical axis. 

Owing  to  the  attachment,  of  the  superior  and  inferior  recti  being 
anteriorly  and  templeward  relative  to  their  point  of  origin,  the  mus- 
cular plane  of  each  is  indi  ted  to  the  antero-posterior  axis  of  the  globe, 
forming  with  it  an  augle  of  about  25  degrees,  and  consequently  the  muscles 
move  the  eye  about  an  axis  directed  from  before  a 'd  nasalward  to  behind 
and  templeward,  forming  with  the  antero-posterior  axis  an  angle  of  about 
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65  degrees.  The  superior  rectus,  therefore,  does  more  than  move  the  eye 
upward,  associating  with  this  principal  action  an  inward  movement  and  a 
partial  rotation  of  the  globe  (torsion),  so  that  the  vertical  meridian  of  the 
cornea  becomes  inclined  by  its  upper  extremity  toward  the  nose ; while  the 
inferior  rectus  moves  the  eyeball  downward  and  inward  and  inclines  the 
vertical  meridian  of  the  cornea  outward  by  its  upper  extremity.  The 
supra-  and  infra-  ducting  power  of  these  muscles  is  greatest  when  the 
eyeball  is  turned  outward,  as  then  the  horizontal  axis  of  the  globe  coincides 
most  nearly  with  the  axis  of  rotation  of  these  muscles;  while  the  torsion 
action  is  most  pronounced  when  the  eyeball  is  turned  inward,  as  in  this 
position  the  antero-posterior  axis  of  the  globe  coincides  most  nearly  with 
the  axis  of  rotation  of  these  muscles. 

Inf  O 
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Fig.  369. — Muscles  associated  in  moving  the  eyeballs  in  the  directions 
indicated  by  the  arrows. 

The  attachment  of  the  obliques  being  posteriorly  and  templeward 
relative  to  the  point  of  mechanical  origin,  the  muscular  plane  is  in- 
clined to  the  antero-oor  teiior  diameter  of  the  globe,  forming  with  it  an 
angle  of  about  50  degrees.  Consequently  these  muscles  move  the  eyeball 
about  an  axis  directed  irom  anteriorly  and  templeward  to  posteriorly  and 
nasalward,  forming  with  the  antero-posterior  axis  of  the  eyeball  an  angle 
of  about  40  degrees.  The  superior  oblique,  therefore,  turns  the  eyeball 
downward  c.nd  outward  and  inclines  the  vertical  meridian  of  the  cornea  in- 
ward Lv  :tb  upper  extremity.  The  inferior  oblique  turns  the  eyeball  upward 
and  outward  and  inclines  the  vertical  meridian  of  the  cornea  outward  by  its 
upper  extremity.  The  supra-  and  infra-  ducting  power  of  the  obliques  is 
gicxtest  when  the  eyeball  is  turned  in,  as  in  that  position  the  horizontal 
:*xis  of  rotation  of  the  globe  coincides  most  nearly  with  the  axis  of  rotation 
of  the  obliques,  and  the  torsion  power  is  greatest  when  the  eyeball  is  turned 
outward,  as  in  this  position  the  antero-posterior  axis  of  the  globe  agrees 
most  nearly  writh  the  axis  of  rotation  of  these  muscles. 


ANOMALIES  OF  THE  MUSCULAR  APPARATUS. 


659 


As  in  accordance  with  the  law  of  Listing  all  rotations  of  the  eyeball 
must  he  “about  axes  in  a vertical  plane  passing  through  the  centre  of 
motion  of  the  eye  perpendicular  to  the  visual  line  in  its  primary  position 
(Maddox),  it  follows  that  the  independent  physiologic  action  of  any  muscle 
which  would  revolve  the  eye  about  an  axis  inclined  from  either  the  vertical 
or  horizontal  is  impossible;  consequently  all  movements  of  the  globe  other 
than  the  lateral  must  be  accomplished  by  the  co-ordinate  action  of  such 
muscles  as  would  have  the  resultant  axis  in  this  plane. 

The  outward  movement  of  the  eyeball  is  effected  by  the  external  rectus , 
aided  by  the  superior  and  inferior  obliques . 

The  inward  movement  of  the  eyeball  is  effected  by  the  internal  rectus, 
aided  by  the  superior  and  inferior  recti. 

The  upward  movement  of  the  eyeball  is  effected  by  the  superior  rectus 
and  inferior  oblique  acting  together,  the  lateral  recti  serving  to  guide  the 
eyeball. 

The  downward  movement  of  the  eyeball  is  effected  by  the  inferior 
rectus  and  the  superior  oblique  acting  together,  the  lateral  i ecti  serving 
to  guide  the  eyeball. 

In  the  upward  movement  the  inward  rotation  and  the  slight  inward 
inclination  of  the  globe  which  would  result  from  the  action  of  the  rectus 
alone  are  opposed  by  the  counter-action  of  the  inferior  oblique. 

In  the  downward  movement  the  inward  rotation  and  the  slight  outward 
inclination  of  the  globe  which  would  result  from  the  action  of  the  rectus 
alone  are  opposed  by  the  counter-action  of  the  superior  oblique.  The  mus 
eles  associated  in  turning  the  eye  into  oblique  positions  may  be  learned 
from  Fig.  369.  The  eye  should  be  capable  of  an  upward  rotation  of  at 
least  33&degrees,  downward  of  at  least  50  degrees,  nasalward  and  temple- 
ward  from  48  to  53  degrees  (Stevens). 

Check  Ligaments. — These  are  bands  of  fascia  ex  tei  ding  from  the 
anterior  part  of  the  muscles  to  the  orbital  walls.  IWe  function  of  these 
ligaments  is  to  control  the  muscular  action  and  to  prevent  the  retraction  of 
the  globe  which  would  result  from  unopposed  contraction  of  the  recti 
(see  page  16). 

Binocular  Movements.— The  turning  of  the  eyeballs  to  the  right  is  ac- 
complished by  the  associated  action  of  the  external  rectus  and  the  obliques 
of  the  right  eye  with  the  internal  rectus  and  the  superior  and  inferior  recti 
of  the  left  eye;  to  the  left,  by  the  associated  action  of  the  external  rectus 
and  the  superior  and  inferior  obliques  of  the  left  eye  with  the  internal  rectus 
and  the  superior  and  inferior  recti  of  the  right  eye. 

The  muscles  associated  in  oblique  conjugate  deviations  are: — 


Up  and  to  the  righ 


| R.  E.  Superior  rectus,  inferior  oblique,  and  external 
rectus. 

" L.  E.  Superior  rectus,  inferior  oblique , and  internal 
rectus. 
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Down  and  to  the  right 
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rectus. 

Inferior 

rectus, 

supei  ior 

oblique, 

and 

internal 

rectus. 

r R. 

E. 

Inferior 
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and 

internal 

Down  and  to  the  left 

L. 

E. 

rectus. 

Inferior 

rectus, 

superior 

oblique, 

and 

external 

rectus. 

Convergence. — Convergence  of  the  visual  lines  results  from  the  asso- 
ciated action  of  the  internal  recti  of  both  eyes. 

Divergence.. — Passing  from  the  position  of  convergence  assumed  in 
fixing  a near  object  to  that  of  parallelism  in  fixing  a distant  object,  the 
visual  axes  diverge.  This  is  brought  about  by  relaxation  of  the  internal 
recti  (passive  divergence)  and  contraction  of  the  external  ) *Ci;  (active 
divergence). 

Binocular  Vision. — When  the  visual  axes  of  both  »yts  are  directed 
to  the  same  object  in  space  the  eyes  are  said  to  fix  am1  the  image  of  that 
object  is  formed  at  the  fovea  of  each  retina.  By  ihe  faculty  of  fusion 
these  two  images  are  united  into  a single  image;  all  other  surrounding 
objects  whose  images  are  at  the  same  time  formed  at  an  equal  distance 
and  in  a corresponding  direction  from  the  fovea,  that  is  at  corresponding 
points  of  the  retinae,  are  likewise  fused  into  a single  image. 

General  Symptomatology. — When,  %m  any  cause,  one  of  the  extra- 
ocular muscles  fails  to  act  in  association  with  its  physiologic  fellow  (asso- 
ciated antagonist — von  Graefe)  of  hie  other  eye,  disturbed  binocular  vision 
results,  varying  from  a mere  confusion  or  blurring  of  the  outlines  of  objects 
to  actual  diplopia,  provided  tnat  binocular  vision  previously  existed,  that 
the  false  image  falls  upon  the  retina,  and  that  there  is  no  associated  paral- 
ysis of  the  palpebral  levaior  muscle. 

Diplopia  (double  vision)  results  from  the  fact  that  images  for  both 
eyes  of  the  sanm  external  object  fall  upon  dissimilar  points  of  the  two 
retinge,  and  aiv  :n  consequence  projected  to  different  parts  of  the  visual 
field. 

V rimary  Deviation  is  the  deviation  of  the  affected  eye  when  the  sound 
eye  fixes.  It  is  often  appreciable  only  when  the  eyes  are  turned  somewhat 
in  the  direction  of  the  action  of  the  affected  muscle. 

Secondary  Deviation  is  the  deviation  which  the  sound  eye  undergoes 
when  the  affected  eye  is  made  to  fix.  It  is  always  greater  than  the  primary 
deviation,  because  the  excessive  innervation  which  goes  out  to  the  affected 
muscle  in  the  effort  of  the  eye  to  fix  is  transmitted  also  to  the  sound 
associated  muscle  of  the  fellow-eye,  and  produces  a corresponding  excessive 
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excursion  of  the  eye  in  the  direction  of  the  action  of  this  muscle.  Ex- 
ample: With  a paralysis  of  the  external  rectus  of  the  right  eye  the  object 
to  be  fixed  is  held  at  a distance  of  about  40  centimetres  m front  and 
slightly  turned  to  the  right  side,  and  the  patient  is  commanded  to  look 
sharply  at  it,  the  other  eye  being  coyered  by  a card.  The  coyer  is  now 
transferred  to  the  affected  eye,  when,  in  order  to  fix  the  object,  the  sounc 
eye  will  be  seen  to  make  a large  outward  excursion,  which  is  evidence  that 
it  must  have  been  turned  in  excessively  while  under  cover.  In  other 
words,  the  internal  rectus  muscle  of  the  sound  eye  was  receiving  mnerva- 


Fig.  370. — Illustrating  tlie  projection  of  the  false  ima^e 
The  right  eye  is  convergent;  hence  the  diplopia  is  homonym  jvo.  The  red  line 
represents  the  eye  restored  to  its  normal  position,  showing  thr.1  *hu  retinal  point,  e. 
which  received  the  image  when  the  eye  was  deviated,  won  revive  e 1 
In  object  situated  at  Bp.  when  the  eye  is  in  the  normal  no  dtum.  Hence  it  is  to  th.s 
position  in  space  that  the  patient  refers  the  false 


tion  in  excess  of  the  amount  required  to  keep  its  visual  line  directed  to 

Projection  of  the  False  Image .--The  patient  refers  the  false  image  to 
that  position  in  space  which  (in  th 3 normally  directed  eye)  an  object  would 
hold  having  its  image  formed  on  .he  point  of  the  retina  now  occupied  by 
the  false  image.  The  exaev  position  of  the  projected  image  can  be  deter- 
mined by  giving  to  the  eye  its  normal  direction  (which  would  be  accom- 
plished by  action  of  the  affected  muscle)  and  projecting  a line  from  this 
retinal  point  through  the  centre  of  rotation  of  the  eye  into  space.  Ex- 
ample: With  a paralysis  of  the  external  rectus  muscle,  the  internal  rectus 
draws  the  eyeball  inward,  so  that  the  image  of  an  object  fixed  by  the 
fellow-eye  will,  in  the  affected  eye,  fall  to  the  inner  side  of  the  fovea. 
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Now,  this  point  of  the  retina,  under  normal  conditions,  receives  the  image 
of  an  object  situated  in  the  temporal  field,  and  it  will  be  in  that  locality 
that  we  will  find  that  the  patient  refers  the  false  image. 

Limitation  of  the  Movements  of  the  Globe  is  always  in  the  direction 
of  the  action  of  the  affected  muscle,  and  varies  from  abolition  to  a degree 
so  slight  as  to  be  detectable  only  by  accurate  determination  of  the  field  of 
fixation.  With  both  eyes  open,  the  patient  is  directed  to  follow,  with  the 
eyes,  the  movement  of  the  tip  of  a pencil,  or  like  object,  which  is  carried  in 
a systematic  manner  through  the  principal  meridians.  The  ability  or  in- 
ability of  the  two  eyes  to  follow  in  an  equal  degree  is  determined  by  com- 
paring the  distances  between  the  margin  of  the  cornea  and  the  edges  of  the 
lids,  in  the  upward  and  downward  movements,  and  the  canthi  in  the  lateral 


Fig.  371.  Paralysis  of  the  internal  rectus  of  the  right  eye,  producing 
crossed  diplopia. 

Tht  re-,  glass  is  before  the  right  eye. 

movements  in  the  two  e*es;  or,  better,  by  comparing  the  position  of  the  cor- 
neal images  of  soma  distant  object  when  the  eyes  are  moved  in  the  different 
directions.  The  field  of  fixation  is  determined  in  the  same  manner  as  is 
the  visual  field,  except  that  the  patient  is  directed  to  follow  with  the  affected 
eye  the  test-object  (which  may  consist  of  a small  printed  letter)  as  it  is  car- 
ried outward  along  the  arc  of  the  perimeter  and  make  known  when  he  can 
no  longer  decipher  it.  This  method  is  of  especial  value  where  the  defect 
;s  slight  or  where  more  than  one  muscle  is  affected.  Example : In  paralysis 
the  inferior  oblique  the  field  of  fixation  would  show  contraction  above 
and  to  the  outside.  Stevens  has  designed  an  instrument,  which  he  terms  a 
tropometer,  for  measuring  the  rotation  of  the  eves  in  all  directions  (see 
page  111). 
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False  Muscular  Projection  arises  from  disturbed  relation  between  in- 
nervation and  muscular  action.  A false  conception  of  the  position  ot 
the  object  is  obtained,  because  of  the  excessive  amount  of  .nnert.hon 
required  in  the  attempt  to  bring  the  visual  axis  to  bear  upon  it.  It  ma 
fests  itself  in  an  inability  properly  to  judge  of  the  location  of  objects^ 
Example:  In  paralysis  of  the  internal  rectus  muscle  of  the  left  eye,  if  the 
patient  be  asked  to  place  his  finger  on  an  object  held  slightly  ton  arc  le 
right  side,  he  will  direct  his  finger  farther  to  that  side  than  the  object  is 
situated,  because  the  amount  of  innervation  required  would,  under  norma 
conditions,  have  directed  the  visual  line  to  that  point. 

Vertigo  results  from  the  diplopia  and  from  defective  onentation-that 
is  inability  to  judge  correctly  of  the  relative  location  of  objects  in  space. 


Fig.  372. — Paralysis  of  the  external  rectus  of  the  rig* 
homonymous  diplopia. 

The  red  glass  is  before  the  rig^t  eye 


. eyu,  producing 


Compensatory  Turning  of  the  Head  ,o  A void  Diplopia  - The  explana- 
tion of  this  symptom  is  that  the  patient,  being  unable  to  turn  the  affected 
eye,  turns  the  head  so  as  to  bring  th>  visual  line  to  bear  upon  the  obj 
fixed  by  the  sound  eye-tliat  is,  the  head  is  turned  m the  direction  of  the 
defective  movement  of  the  eye.  Example:  In  paralysis  of  the  interna 
rectus  of  the  left  eye  the  head  is  carried  to  the  right. 

Method  of  Examination,- The  examination  for  the  determination  ot 
the  characteristics  of  ti  e diplopia  should  be  carried  on  m a dark-room 
with  the  patient  sea  ted . The  greatest  care  must  be  taken  that  the  head  is 
held  erect  and  motionless,  lest  by  moving  the  head  the  patient  compensa  e 
for  the  deviation  of  the  eye.  In  order  better  to  differentiate  the  images  a 
red  glass  should  be  held  before  one  eye.  The  use  of  a frame  is  to  be 
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avoided,  as  in  extreme  excursions  of  the  eyeball  it  may  obstruct  the  vision 
and  lead  to  false  conclusions.  The  examiner  should  stand  with  a lighted 
candle  about  three  metres  in  front  of  the  patient  and  direct  him  to  follow 
the  movements  of  the  light  with  his  eyes,  and  note  the  relation  of  the  two 
images  as  the  candle  is  carried  along  certain  meridians  through  which  the 
eye  may  be  normally  moved.  The  room  should  be  large  enough  to  prevent 
projection  of  the  images  upon  the  side-walls.  In  some  instances  the  image 
falls  far  out  on  the  periphery  of  the  retina,  or  perhaps  on  the  papilla 
(Wallace),  and  is  not  recognized.  In  such  a case  a prism,  so  placed  as  to 
bring  the  image  on  to  a sensitive  part  of  the  retina,  will  render  the  diplopia 
manifest.  By  this  method  no  great  difficulty  will  he  experienced  in 
arriving  at  a proper  diagnosis  if  but  one  muscle  be  paralyzed.  As  a rule, 
where  two  or  more  muscles  are  affected  it  will  be  found  necessary  to  mark 


</ 


Paralysis  of  right 
external  rectus. 


Paralysis  of  right 
internal  rectus. 


Paralysis  of  right 
superior  rectus. 


Paralysis  of  right 
inferior  rectus. 


Paralysis  of  right  Paralysis  of  right 

superior  oblique.  inferior  oblique. 

Fig.  373. — Position  of  th  j images  in  ocular  paralyses. 
The  true  image  is  ''lack,  the  false  is  red. 


upon  a blackboard  the  relation  of  the  images  as  they  appear  in  various 
parts  of  the  field  of  fixation 

General  Principles. — The  distance  between  the  images  increases  when 
the  light  is  carried  in  the  direction  of  the  action  of  the  affected  muscle. 
The  fainter  image  belongs  to  the  affected  eye.  When  the  images  are 
crossed, — that  is,  when  the  red  image  is  seen  to  the  opposite*  side  of  the  nor- 
mal image,  from  the  eye  before  which  the  red  glass  has  been  placed,— an 
adductor  muscle  is  affected,  and  one  of  the  vertical  straight  muscles,  if  the 
images  not  on  the  same  horizontal  plane.  Should  the  red  image  be 
seen  on  that  side  of  the  normal  light  corresponding  to  the  eye  before  which 
tiiC  *ed  glass  has  been  placed,  the  images  are  said  to  be  homonymous , and  it 
in  licates  an  affection  of  one  of  the  abductor  muscles,  and  of  one  of  the 
obliques  if  the  images  are  not  on  the  same  horizontal  plane.  In  paralysis 
of  an  elevator  that  eye  is  affected  whose  image  is  the  higher,  and  in  par- 
alysis of  a depressor,  that  eye  is  affected  whose  image  is  the  lower. 
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A greater  separation  of  the  images  occurs  when  the  eyes  are  directed 

to  the  image  belonging  to  the  affected  eye.  „ , , 

The  false  image  has  the  position  and  the  inclination  which  the  affected 
muscle  gives  to  the  eyeball  when  acting  normally.  The  remembrance  oi 
this  principle  and  of  the  facts  necessary  to  apply  it  is  a sine  qua  non  for  the 

solution  of  the  succeeding  problems. 

Special  Symptomatology. — Paralysis  of  the  External  Rectus 
(Horizontal  Diplopia).— Images  are  upon  the  same  plane,  homonymous, 
and  parallel;  separation  increases  in  the  direction  of  the  affected  side,  and 
also  in  looking  downward. 

Primary  deviation — inward. 

Secondary  deviation — inward. 

Limitation  of  excursion — outward. 

Field  of  fixation — contracted  outward. 

Inclination  of  head— turned  toward  the  affected  side. 

False  muscular  projection — toward  the  affected  side. 

Internal  Rectus  (Horizontal  Diplopia).— Images  are  upon  the 
same  plane,  crossed  and  parallel;  separation  increases  toward  the  sound 
side,  and  also  in  looking  upward. 

Primary  deviation — outward. 

Secondary  deviation — outward. 

Excursion — limited  inward. 

Field  of  fixation — contracted  inward. 

Inclination  of  head— turned  toward  the  sound  side. 

False  muscular  projection — toward  the  sound  side. 


Superior  Rectus  (Diplopia  in  the  Upper  Field)  —Images  are 
superposed  (vertical  diplopia)  and  slightly  crossed;  false  image  leans  by 
upper  extremity  toward  the  sound  side.  Vertical  separator  increases  in  the 
upper  field,  and  is  greatest  up  and  out.  Lateral  sepal  at  on  increases  toward 
the  sound  side,  and  the  inclination  is  greatest  toward  the  sound  side. 

Primary  deviation — downward  and  slightly  outward. 

Secondary  deviation— upward  and  toward  the  stand  side. 

Excursion — limited  upward. 

Field  of  fixation — contracted  upward  and  inward. 

Inclination  of  the  head-turned  up  and  toward  the  sound  side,  with  a slight 
inclination  toward  the  shoulder  of  the  soi  nd  side. 

False  projection— up  and  tow.  ru  the  sound  side. 

Inferior  Rectus  (D.^pia  in  the  Lower  Field)  .-Images  are 
superposed  (vertical  diplopia)  and  slightly  crossed ; false  image  leans  by  its 
upper  extremity  towaid  -he  affected  side.  Vertical  separation  increases 
downward,  and  h greatest  down  and  out.  Lateral  separation  increases 
toward  the  sound  side,  and  the  inclination  is  greatest  toward  the  sound 
side. 
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Primary  deviation — upward  and  slightly  outward. 

Secondary  deviation — downward  and  toward  the  sound  side. 

Excursions — limited  downward,  and  downward  and  inward. 

Field  of  fixation — contracted  downward  and  inward. 

Inclination  of  the  head — downward  and  toward  the  sound  side,  with  a slight 
inclination  toward  the  shoulder  of  the  affected  side. 

False  projection — downward  and  to  the  sound  side. 

Superior  Oblique  (Diplopia  in  the  Lower  Field) .—Images  are 
superposed  (vertical  diplopia)  and  slightly  homonymous;  false  image  leans 
by  its  upper  extremity  toward  the  sound  side.  The  vertical  separation  in- 
creases downward  and  is  greatest  down  and  in.  The  lateral  separation 
increases  toward  the  affected  side,  and  the  inclination  is  greatest  toward 
the  affected  side. 

Primary  deviation— upward  and  slightly  inward. 

Secondary  deviation — downward  and  toward  the  affected  side. 

Excursions — limited  downward,  and  downward  and  outward. 

Field  of  fixation — contracted  downward  and  outward. 

Inclination  of  the  head — downward  and  toward  the  affected  side,  with  **  slight 
inclination  toward  the  shoulder  of  the  sound  side. 

False  projection — below  and  toward  the  affected  side. 

Inferior  Oblique  (Diplopia  in  tiie  Upper  Fifld). — Images  are 
superposed  (vertical  diplopia)  and  slightly  homonymoue ; false  image  leans 
by  its  upper  extremity  toward  the  affected  side,  i'hc  vertical  separation 
increases  upward  and  is  greatest  up  and  in.  Tie  lateral  separation  in- 
creases toward  the  affected  side,  and  the  inclination  is  greatest  toward  the 
affected  side. 

Primary  deviation — downward  and  inward 

Secondary  deviation — upward  and  toward  Me  affected  side. 

Excursions — limited  upward,  and  T.p  yard  and  outward. 

Field  of  fixation — contracted  upv  11  1 and  outward. 

Inclination  of  the  head — held  upward  and  turned  slightly  toward  the  affected 
side,  with  a slight  inclination  toward  the  shoulder  of  the  affected  side. 

False  muscular  projection— above  and  toward  the  affected  side. 

Occasionally  in  paralysis  of  either  the  superior  oblique  or  of  the  in- 
ferior rectus  the  false  image  appears  closer  to  the  patient  than  does  the 
true  one.  This  has  been  explained  by  the  fact  that  the  false  image,  which 
is  the  lower  orm,  must  appear  closer  to  the  patient  if  he  projects  them  on 
to  a horizontal  plane  as  represented  by  the  floor. 

Crossed  oiplopia  is  occasionally  met  with  in  paralysis  of  either  oblique. 
The  explanation  of  this  anomaly  given  by  Mauthner  is  that  a previously 
existing  latent  exophoria  has  become  manifest. 

I aralysis  of  tiie  Oculomotor  Xerve. — When  all  the  muscles  sup- 
pi  ed  by  the  third  nerve  are  affected,  the  following  characteristic  clinical 
picture  will  be  observed:  Ptosis  with  compensatory  contraction  of  the 
occipito-frontalis  muscle,  outward  and  very  slightly  downward  deviation  of 
the  eye,  loss  of  all  movements  of  the  globe  except  outward  and  outward 


PLATE  XXIV. 


□ cular  Palsy  Chart, 


(G-uBnda.) 


DIPLOPIA  IN  THE  UPPER  VISUAL  FIELD. 

(1)  THE  UPPER  IMAGE  BELONGS 
" TO  THE  PARALYZED  EYE. 

DIPLOPIA  IN  THE  LAT- 
ERAL FIELD.  (2)  EX- 
TERNAL RECTUS  = 
HOMONYMOUS;  INTER- 
NAL RECTUS  = CROSSED.  \ 


DIPLOPIA  IN  THE  LOWER 
VISUAL  FIELD.  (3;  THE  LOWER 
IMAGE  BELONGS  TO  THE  PARALYZED  EYE. 
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and  downward,  fixedly  semidilated  pupil,  and  loss  of  accommodation. 
There  is  diplopia  in  all  parts  of  the  field  except  downward  and  outward. 

[The  ocular  palsy  chart  of  Guende,  of  Marseilles,  which  is  shown  in 
Plate  XXIY,  is  of  practical  value.  Each  field  is  represented  by  a circle, 
and  each  circle  is  divided  into  six  parts.  The  object  viewed  is  printed  in 
black,  while  the  false  images  are  in  red  and  yellow.  Bed  is  used  for  the 
abductor  muscles  and  yellow  for  the  adductors. 

Abductor  muscles  (false  image  is  red). 

Homonymous  diplopia. 

Separation  of  images  increases  toward  the  paralyzed  side. 

Adductor  muscles  (false  image  is  yellow). 

Crossed  diplopia. 

Separation  of  the  images  increases  toward  the  sound  side. 

1.  Diplopia  in  the  Upper  Visual  Field.— The  upper  image  belongs  to 
the  paralyzed  eye.  The  false  image  is  differentiated  from  the  true  one  by 
its  summit:  It  is  inclined — 

Inwardly  = Superior  rectus. 

Outwardly  = Inferior  oblique. 

2.  Diplopia  in  the  Lateral  Field.— Internal  rectus  or  external  rectus. 
Lateral  separation  of  the  images,  which  are  parallel  and  on  a level. 

Homonymous  diplopia  = External  rectus. 

Crossed  diplopia  = Internal  rectus. 

3.  Diplopia  in  the  Lower  Visual  Field.— The  lower  image  belong*,  to 
the  paralyzed  eye.  The  false  image  is  differentiated  from  the  true  one  by 
its  base.  Its  apex  inclines — 

Outwardly  = Inferior  rectus. 

Inwardly  = Superior  oblique. — Ball.] 

Duane  has  elaborated  the  suggestion  of  Mauthnc”  that  paralysis  of 
the  obliques  and  of  the  superior  and  inferior  recti  can  Jest  be  diagnosed 
from  the  behavior  of  the  vertical  diplopia  alone,  and  with  this  idea  in  view 
he  has  evolved  a simple  method  for  the  determination  of  the  muscle 
paralyzed.  He  divides  the  elevators  into  tw(  groups : The  first  includes 
those  having  the  greatest  elevating  effect  when  the  eyes  are  turned  to  the 
right  (the  right  superior  rectus  and  the  left  inferior  oblique).  These  he 
terms  right-hand  elevators.  The  second  group  includes  those  having  the 
greatest  elevating  effect  when  the  eyes  are  turned  to  the  left  (the  left 
superior  rectus  and  the  right  inferior  oblique) — left-hand  elevators.  The 
depressors  are  similarly  grouped.  The  right-hand  depressors  are  the  right 
inferior  rectus  and  the  left  superior  oblique;  and  the  left-hand  depressors 
are  the  left  inferior  rejtus  and  the  right  superior  oblique.  Duane  sum- 
marizes  as  follows : — 

“A  vertical  diplopia  increasing  not  only  up,  but  markedly  up  and  to 
the  right,  means  paralysis  of  a right-hand  elevator  (right  superior  or  left 
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inferior  oblique);  and  one  that  increases  particularly  up  and  to  the  left 
means  paralysis  of  a left-hand  elevator  (right  inferior  oblique  or  left  supe- 
rior rectus).  In  either  case  a right  diplopia  (vertical  diplopia,  with  the 
image  of  the  right  eye  below)  means  paralysis  of  the  muscle  of  the  left  eye, 
and  left  diplopia  (vertical  diplopia  with  the  image  of  the  left  eye  below) 
means  paralysis  of  the  muscle  of  the  right  eye. 

“A  vertical  diplopia  increasing  down  and  to  the  right  means  paralysis 
of  a right-hand  depressor  (right  inferior  rectus  or  left  superior  oblique), 
and  vertical  diplopia  increasing  as  the  eyes  are  carried  down  and  to  the  left 
means  paralysis  of  a left-hand  depressor  (right  superior  oblique  or  left 
inferior  rectus).  In  either  case  if  the  image  of  the  right  eye  is  below 
(right  diplopia)  it  is  the  muscle  of  the  right  eye  that  is  paralyzed,  and  if 
the  image  of  the  left  eye  is  below  (left  diplopia)  it  is  the  muscle  of  the  left 
eye  that  is  paralyzed.” 

Example  of  the  Clinical  Method  of  Determination. — Having 
arranged  as  directed  in  the  paragraph  on  “Method  of  Examination”  (page 
663),  with  the  red  glass  before  the  right  eye,  if  one  or  more  than  one 
muscle  is  paralyzed,  the  patient  will  see  two  lights — one  red  sx-i  +he  other 
of  the  natural  color.  As  soon  as  the  light  is  carried  in  the  dircccion  of  the 
action  of  the  affected  muscle  inquiry  brings  out  the  fact  that  the  lights 
stand  one  almost  above  the  other,  with  the  red  one  the  i.igher  and  a little 
to  the  patient  s left,  of  the  other  light.  This  determines  that  either  a levator 
or  a depressor  is  affected,  and,  as  the  images  ..~e  crossed,  it  must  be  one 
of  the  straight  muscles.  On  carrying  the  candle  into  the  upper  field  the 
patient  states  that  the  vertical  distance  bt 4 ween  the  lights  increases,  from 
which  we  decide  that  the  affected  musclr  is  a levator,  and  of  the  right  eye, 
as  the  image  of  that  eye  stands  the  higher.  If  the  image  of  the  right  eye’ 
is  inclined  by  its  upper  end  to  the  left  or  sound  eye,  the  superior  rectus  is 
paralyzed.  Should  the  patient  fad  to  realize  that  the  one  image  is  inclined, 
the  diagnosis  cannot  at  this  stage  be  made,  and  the  light  must  be  carried 
into  the  superior  lateral  fields  in  order  to  determine  whether  the  vertical 
distance  between  the  images  increases  when  the  eyes  are  turned  towards 
the  right  or  towards  the  left.  If  this  occurs  towards  the  right  it  renders 
possible  a diagnosis  of  paralysis  of  the  right  superior  rectus  muscle. 

Werner’s  scheme  (Fig.  374)  will  be  found  of  assistance  in  recalling  the 
relation  of  the  images  in  paralysis  of  the  muscles.  The  broken  lines  rep- 
resent the  false  images.  The  method  of  applying  it  may  be  illustrated  by 
considering  a paralysis  of  the  right  superior  rectus.  The  diagram  shows 
at  ones  that  the  diplopia  occurs  in  the  upper  field,  and  that  the  images  are 
crossed,  the  false  one  standing  the  higher  and  being  inclined  by  its  upper 
'trinity  toward  the  sound  side. 

Etiology.— Clinically  considered,  the  causes  of  ocular  paralysis  may 
be  divided  into  two  classes : intracranial  and  orbital  Intra-cranial  may  be 
subdivided  into  nuclear,  fascicular,  and  basal.  Paralyses  due  to  nuclear  or 
fascicular  lesions  are  also  spoken  of  as  central,  and  those  due  to  basal  or 
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orbital  lesions  as  peripheral.  Suprornuclear  lesions  can  prodnce  only  con- 
jugate  or  associated  deviations,  because  this  region  presides  over  the  yoke 
action  only  of  the  ocular  muscles.  Stimulation  of  the  right  hemisphere 
causes  deviation  of  the  eyes  to  the  left,  and  stimulation  of  the  left ^hemi- 
sphere causes  deviation  of  the  eyes  to  the  right.  A lesion  which  would  act 
destructively  to  this  region,  either  directly  or  distantly,  would  paraljze 
this  movement,  and  the  eyes  would  be  turned  in  the  opposite  direction  by 
the  action  of  the  opposing  conjugate  acting  muse  es.  ie  ejes  w 
therefore  he  turned  toward  the  lesion  and  away  from  the  paralyzed  side 
of  the  body.  Irritating  lesions  would  have  the  opposite  effect,  and  here 
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Fig.  374. — Mnemonic  scheme  of  ocular  paralyses.  (Werner.) 

the  eyes  would  be  turned  away  from  the  lesion  and  toward  the  convulsed 
side  of  the  body.  Nuclear  lesions  max  give  rise  to  conjugate  latera 
paralysis”  (Swanzy),  the  relation  of  the  deviation  to  the  site  of  the  lesion 
being  the  reverse  of  that  arising  from  a cerebral  lesion,  as  the  sixth  nerve 
presides  over  the  conjugate  action  of  the  external  rectus  musck . of  the 
same  side  and  the  internal  rectus  of  the  opposite  side.  Convergence  would 
be  retained,  but  the  individual  action  of  the  extemus  would  likely  be 

ParapZaraiysis  of  convergence  from  a lesion  of  the  convergence  centre, 
which  is  supposed  lo  he  in  the  aqueduct  of  Sylvius,  is  occasionally  seen. 
It  may  be  associated  with  paralysis  of  accommodation,  and  is  at  times 
accompanied  by  paralysis  of  sursumvergence  and  deorsumvergence.  It  is 
most  frequently  met  with  in  disseminated  sclerosis. 
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Nuclear  Palsy,  or  Ophthalmoplegia,  is  the  result  of  a lesion  affect- 
ing the  nuclei  of  the  ocular  muscles  in  the  floor  of  the  fourth  ventricle  and 
in  the  aqueduct  of  Sylvius.  The  external  muscles  alone  may  be  involved 
(external  ophthalmoplegia)  or  the  internal  muscles  alone  (internal  ophthal- 
moplegia), or  both  groups  together  may  be  affected  (mixed  ophthalmo- 
plegia). It  may  he  congenital  or  acquired.  The  acquired  type  appears  in 
two  forms,  acute  and  chronic. 

Acute  Ophthalmoplegia  or  polioencephalitis  superioris  is  a rare  disease, 
usually  beginning  with  headache,  vomiting,  and  dizziness,  followed  by 
lapid  paralysis  of  all  the  ocular  muscles.  The  disease  is  usually  due  to 
hemorrhagic  extravasations.  It  may  also  be  due  to  peripheral  neuritis. 


Fig.  375. — Oplit hai  woplegia.  (Ball.) 

The  patient  is  attempting  to  open  his  eyes. 

Ihe  cause  is  usually  alcoholism  or,  more  rarely,  other  poisons  and  trauma- 
tism. The  prognosis  is  doubtful.  When  due  to  alcohol  it  may  end  speedilv 
m death.  • r J 

Chronic  Ophthalmoplegia  may  be  due  to  syphilitic  arteritis  or  may 
occur  as  a complication  of  tabes,  disseminated  sclerosis,  general  paralysis, 
progressive  hulha  paralysis,  progressive  muscular  atrophy,  multiple  neu- 
ritis, and  ex  ophthalmic  goitre.  It  also  occurs  after  diphtheria  and,  rarely, 
after  mea.des,  scarlet  fever,  and  influenza;  from  poisoning  by  alcohol 
tobacco,  lead,  carbon  dioxid,  sulphuric  acid,  and  ptomains;  and  as  the 
rerul  of  traumatism.  The  affection  begins  by  involvement  of  one  or  more 
■ff  th*  external  muscles  and  progressively  involves  all.  The  internal 
muscles  are  usually  spared,  but  may  be  affected  independently  or  in  con- 
pinct.on  with  the  external  muscles.  The  third  nerve  is  most  frequently 
affected,  but  the  degree  and  frequency  with  which  the  levator  is  involved 
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is  moderate.  It  is  usually  bilateral.  The  prognosis,  as  is  to  be  inferred 
from  the  name,  is  unfavorable.  The  anatomical  lesion  is  a chronic  in- 
flammation or  degenerative  process  in  the  floor  of  the  third  ventricle  and 
aqueduct  of  Sylvius,  causing  atrophy  of  the  ganglion  cells  in  the  nerve 
nuclei.  Treatment  must  be  directed  to  the  cause.  The  indications  will 
generally  best  be  met  by  the  use  of  large  doses  of  potassium  iodid  and  of 
strychnin. 

Fascicular  Falsies. — Ocular  paralyses  due  to  lesions  situated  be- 
tween the  nuclei  and  the  base  of  the  brain  are  frequently  associated  with 
paralysis  of  the  opposite  side  of  the  body,  the  so-called  alternate  paralysis. 
The  differential  diagnosis  between  this  group  and  those  due  to  lesions  of 


Fig.  376 —Ophthalmoplegia.  ( Author.  ) 

The  lids  are  held  open  to  show  the  position  of  the  fyetaus. 

the  nuclei  and  of  the  base  is  often  impossible.  Cases  with  upward  devia- 
tion of  one  eye  and  downward  deviation  of  the  other  have  been  seen  but 
rarely,  with  lesions  in  the  crura  cerebelli. 

Peripheral  Paralysis.— The  most  common  causes  of  peripheral 
paralysis  are  syphilis  and  rheumatism.  'Vhether  the  paralysis  met  with 
in  diabetes,  diphtheria,  herpes  zo  ct"  ophthalmicus,  influenza,  and  the 
various  forms  of  poisoning  are  not  at  times  peripheral,  and  not  always 
nuclear,  is  still  undecided. 

Basal  Lesions.— These  a~e  the  most  frequent  causes  of  ocular  palsies, 
and  are  usually  of  such  a aature  as  to  operate  through  direct  pressure,  as 
in  meningitic  exuda.i  m tubercle,  neoplasm  and  gumma  either  of  the 
meninges  or  of  the  brain-substance,  ostitis  and  periostitis,  hemorrhage, 
aneurism,  or  fracture. 

Any  or  even  all  of  the  muscles  of  one  or  of  both  eyes  may  he  affected 
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and  other  cerebral  nerves  may  be  involved.  When  ocular  palsies  are  accom- 
panied by  nmnocular  blindness;  bitemporal  hemianopsia  or  homonymous 
hemianopsia,  associated  with  the  hemianoptic  pupillary  reaction  sign;  or 
where,  in  the  oculomotor  palsies,  the  internal  muscles  are  not  involved, 
they  are  usually  of  basal  origin. 

Recurrent  Third-Nerve  Paralysis. — This  is  a rare  affection  usually  seen 
in  youth  and  in  the  female  sex.  It  is  always  monocular,  and  in  the  recur- 
rences the  same  nerve  is  always  affected.  The  attacks  last  from  days  to 
months  and  are  accompanied  bv  headaches  of  a migrainous  character,  last- 
ing for  several  days.  The  intervals  vary  from  a period  of  from  ten  days 
to  a year's  time.  In  the  few  autopsies  recorded  the  lesion  has  been  of  the 
nerve-trunk. 

A similar  affection  of  the  sixth  nerve  has  been  observed. 

Orbital  Lesions  affect  the  muscles  and  nerves  principally  mechanically. 
The  lesion  may  be  aneurism,  neoplasm,  or  inflammation  of  the  orbital 
tissues  or  of  the  accessory  sinuses,  periostitis,  fracture  at  the  sphenoidal 
foramen,  and  foreign  body  in  the  orbit ; surgical  injuries  and  trauma- — the 
superior  oblique  being  most  often  affected,  particularly  as  a result  of 
operation  for  the  relief  of  sinusitis.  Rheumatism  is  a cause,  usually  in 
the  form  of  a neuritis. 

Paralysis  of  the  Seventh  Nerve  (Facial,  o"  Pell’s,  Palsy). — 
According  to  Spiller,  when  the  lesion  producing  ihh  affection  is  nuclear, 
supra-nuclear,  or  infra-nuelear,  the  upper  distribution  of  the  facial  nerve 
(orbicularis  palpebrarum  and  frontalis  muscle)  it  involved;  this  involve- 
ment is  greater  and  more  persistent  when  the  lesion  is  nuclear,  or  intra- 
nuclear, and  in  these  conditions  may  cause  lagophthalmos — an  inability 
to  close  the  lids,  which  even  in  sleep  remain  open.  When  associated  with 
paralysis  of  the  trigeminus  there  b danger  of  ulceration  of  the  cornea 
supervening,  as  this  structure  is  then  deprived  both  of  its  trophic  innerva- 
tion and  of  its  external  protection,  and  is  in  consequence  easily  injured 
by  the  foreign  matter  which  readily  finds  lodgment  there. 

Prognosis  in  Ocular  a nalyses. — This,  of  course,  varies  with  the  cause? 
It  is  most  favorable  in  the  peripheral  forms.  The  tendency  to  relapse 
must  be  remembered  in  connection  with  those  of  spinal  origin.  The  dura- 
tion of  the  paralysis  is  nearly  always  lengthy,  and  when  treatment  fails 
a secondary  contracture  of  the  opposing  muscle  gives  rise  to  a squint, 
which  has  the  effect  of  equalizing  the  angle  of  deviation  for  all  directions 
in  which  the  eye  is  turned,  thus  practically  converting  the  squint  into  a 
constant  one. 

Treatment  is  of  the  cause,  the  indications  being  met  in  a large  per- 
cl?  tage  of  cases  by  the  administration  of  the  iodid  of  potash  in  ascending 
Loses  and  of  mercury  used  by  inunctions,  hypodermically,  or  internally. 
Salvarsan  may  prove  of  value.  In  the  later  stages  strychnin  in  heroic 
doses  may  do  good.  Electricity,  either  in  the  form  of  the  constant  or  the 
faradic  current,  is  of  value.  A weak  constant  current  of  from  1 to  3 milli- 
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amperes  will  be  found  most  serviceable.  The  negative  pole  should  be  ap- 
plied to  the  closed  lid  and  the  positive  one  to  the  temple.  Mechanical 
exercise  has  proven  of  service.  It  consists  in  seizing  the  anesthetized  con- 
junctiva over  the  insertion  of  the  paralyzed  muscle  and  rolling  the  eye 
as  far  as  possible  in  the  direction  of  the  action  of  the  muscle.  This  is  to 
be  repeated  several  times.  When,  in  facial  and  trigeminal  palsy,  impair- 
ment of  the  cornea  is  threatened,  the  operation  of  tarsorrhaphy  is  indicated. 

Paralytic  Mydriasis  occurs  as  the  result  of  lesions  affecting  the  nucleus 
of  the  third  nerve  or  of  the  nerve  itself.  Mydriasis  also  occurs  as  the 
result  of  interruption  in  the  transmission  of  light-impulses  from  the 
retina,  as,  for  example,  in  optic-nerve  atrophy;  but  this  is  not  a trtie 
paralytic  mydriasis.  The  pupil  is  partly  dilated  and  is  susceptible  of 
further  dilation  by  the  instillation  of  a mydriatic. 

The  conditions  giving  rise  to  paralytic  mydriasis  (and  these  may  be 
likewise  causes  of  paralyses  of  extra-ocular  muscles)  are  cerebral  disease 
(especially  general  paralysis  of  the  insane),  lesions  at  the  base  of  the  brain 
and  those  involving  the  nucleus,  thrombosis  of  the  cavernous  sinus,  tabes 
dorsalis  (as  the  result  of  third-nerve  palsy),  orbital  disease  producing 
pressure  on  the  ciliary  nerves,  increased  intra-ocular  pressure  (irftra-oeular 
growths  and  glaucoma),  blow  received  upon  the  globe,  diphtheritic  and 
ptomain  poisoning,  apoplectic  coma,  syphilis,  and  mydriatics  when  used 
internally  or  locally.  When  paralysis  of  the  iris  is  associated  with  paral- 
ysis of  the  ciliary  muscle,  the  condition  is  known  as  ophthalmoplegia  m- 
ierna  completa. 

Paralytic  Miosis  is  most  frequently  met  with  as  a symptom  of  t dx  s 
dorsalis  and  is  due  to  disease  of  the  ciliospinal  centre.  Later  in  the  course 
of  this  affection  the  so-called  Argyll  Robertson  pupil  is  frequently  present 
as  a result  of  the  upward  extension  of  the  disease  process.  It  is  suo  caused 
by  injury  to  the  cervical  sympathetic  or  as  the  result  of  pressure  upon  the 
nerve  from  aneurism  or  from  enlarged  lymphatic  glancb 

Paralysis  of  Accommodation  (Cycloplegia). — -Paralysis  of  the  ciliary 
muscle  is  usually  associated  with  involvement  of  one  or  more  branches  of 
the  third  nerve.  Absolute  palsy,  aside  from  that  induced  by  cycloplegics, 
is  most  commonly  due  to  diphtheria.  It  usually  comes  on  during  early 
convalescence,  but  may  be  delayed  until  the  sixth  week.  The  symptoms 
are  blurred  vision  and  inability  to  see  1.0  do  near  work,  these  symptoms 
being  especially  annoying  to  hyperir  etr opes.  Micropsia  is  occasionally  com- 
plained of.  Paralysis  of  accommodation  is  also  met  with  in  diabetes,  in- 
fluenza, and  mumps  (Mandoroet)  Paresis  or  weakness  of  accommodation 
is  present  in  all  long  and  exhausting  diseases  and  as  the  result  of  excessive 
venery  and  masturbation.  Unilateral  paresis  may  be  caused  by  syphilis  or 
by  disease  of  the  teeth. 

The  prognose  varies  with  the  cause.  Recovery  invariably  occurs  in 
diphtheritic  paralysis.  Ascending  doses  of  nux  vomica  and  the  use  of 
electricity  seem  io  hasten  recovery. 
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Paralysis  of  Divergence. — According  to  Duane  this  unusual  condition 
is  characterized  by  sudden  development  of  homonymous  diplopia  with 
marked  convergent  squint,  with  or  without  vertigo,  false  muscular  projec- 
tion, and  an  apparent  movement  of  objects  looked  at.  The  diplopia  is 
particularly  marked  for  distance  and  decreases  with  almost  mathematical 
regularity  as  the  object  looked  at  is  brought  toward  the  patient  until  at 
a certain  definite  distance  there  is  binocular  single  vision  changing  to 
exophoria  as  the  object  is  brought  still  nearer.  The  homonymous  diplopia 
usually  diminishes  somewhat  as  the  eyes  are  carried  to  the  right  or  left. 
The  excursions  of  the  eyes  are  normal  in  all  directions.  Prisms,  bases 
out,  relieve  the  condition,  but  advancement  of  the  extemi  may  be  necessary. 

Spastic  Strabismus. — Deviation  of  the  eye  due  to  spasm  of  one  or  more 
of  the  ocular  muscles  is  a rare  condition,  comprising  some  cases  of  inter- 
mittent comitant  strabismus  and  of  choreic  squint;  also  instances  of  con- 
jugate deviation  the  result  of  irritating  cerebral  lesions,  hysteria,  and 
epilepsy. 

Nystagmus  is  a condition  in  which  there  are  short,  rapid,  rhythmic, 
involuntary  movements  of  the  globe.  These  movements  may  be  horizontal, 
vertical,  or  rotary,  and  are  nearly  always  bilateral.  Nystagmus  is  either 
congenital  or  acquired.  The  former  type  is  usually  associated  with  de- 
fective vision  due  to  optic-nerve  degeneration,  opacihes  in  the  media, 
patches  of  chorioiditis,  and  albinism. 

Acquired  nystagmus  may  be  symptomatic  or  occupational.  The  former 
is  frequently  a symptom  of  disseminated  scicr*.  us  and  of  Friedreich’s 
ataxia,  and  may  be  due  to  lesions  in  the  cerebrum  or  cerebellum. 

Occupational  nystagmus  is  met  witli  in  miners  engaged  in  “under- 
cutting/’ requiring  the  continuous  upward  turning  of  the  eyes  for  long 
periods  of  time  (Snell).  The  condition  has  been  met  with  in  various 
other  occupations  and  is  to  be  looked  upon  as  being  due  to  insufficient 
illumination,  fatigue  of  the  muscles,  and  exhaustion  of  their  innervation 
(Baer,  Snell). 

Treatment  is  of  litfio  value  except  in  the  occupational  type,  and 
consists  of  abstinence  f^om  work  for  a time,  with  absolute  rest  to  the  eyes 
and  correction  of  lighting  conditions,  existing  refraction,  and  muscular 
errors,  or  in  a complete  change  of  occupation. 

Deviation  c*  the  Visual  Axes  of  Non-paralytic  Origin  (Heterotropia). 
— To  this,  class  of  muscular  anomalies  the  term  comitant  strabismus1  is 
given,  because  of  the  distinguishing  feature  that  the  angle  of  deviation  re- 
mains the  same  whether  the  eyeballs  are  turned  in  the  direction  of  the 
squint  or  in  the  opposite  direction;  or,  in  other  words,  that  the  affected 
eye  follows  its  fellow  fully  in  all  its  movements. 

The  terms  convergent  (in)?  divergent  (out),  snrsumvergent  (up),  and 
deorsumvergent  (down)  strabismus  are  used  to  distinguish  them  accord- 
ing to  the  direction  assumed  by  the  deviating  eye. 

1 The  terms  “strabismus”  and  “squint”  have  been  retained  because  of  their  general 
employment,  but  the  terms  introduced  by  Stevens  are  to  be  preferred. 
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The  following  nomenclature  has  been  given  by  Stevens  to  the  condi- 
tion of  equilibrium  and  to  the  various  deviations  therefrom. 

Orthophoria , tlie  condition  in  which  muscular  equilibrium  is  maintained  with  the 
minimum  of  nervous  effort. 

Heterophoria , a tending  of  the  visual  lines  from  parallelism. 

Heterotropia,  a deviation  of  the  visual  lines  from  parallelism  in  such  a manner  that 
they  cannot  habitually  be  united  at  the  same  point  of  fixation. 

The  class  of  heterophorias  includes:— 

Esophoria,  a tending  of  the  visual  lines  inward. 

Exophoria,  a tending  of  the  visual  lines  outward. 

Hyperphoria , a tending  of  the  visual  lines  of  one  eye  in  a direction  above  its  fellow. 
(The  term  is  a relative  one  and  must  be  prefixed  by  the  designating  word  right 
or  left.) 

Intermediate  tendencies  are  termed  hyperesophoria  (right  or  left)  and  hyperexo- 
phoria  (right  or  left). 

Esotropia , a deviation  of  the  visual  lines  inward. 

Exotropia,  a deviation  of  the  visual  lines  outwaid.  . 

Hypertropia,  a deviation  of  one  visual  line  above  the  other.  (The  term  is  a relative 
one  and  must  be  prefixed  by  the  designating  .word  right  or  left.) 

Intermediate  deviations  are  termed  hyperesotropia  (right  or  left)  and  hyperexotropia 

(right  or  left) . # . 

Variations  of  the  equilibrium,  which  may  or  may  not  be  consistent  with  parallelism 
of  the  visual  lines,  but  in  which,  with  the  least  innervation  of  the  eye-muscles, 
the  visual  lines  would  tend  below  or  above  the  most  favorable  plane  for  the 
minimum  effort,  are  termed,  respectively,  cataphoria  and  amphona. 

A rotary  tendency,  due  to  insufficiency  of  the  oblique  muscles,  has  been  described  y 
Savage  and  has  received  the  name  cycloplioria. 

General  Symptoms. — Aside  from  the  above  characteristic  s/mp  oli, 
which  alone  would  serve  to  distinguish  this  form  of  squint  from  the  para- 
lytic variety,  there  is  usually  absence  of  diplopia,  equality  of  u e primary 
and  secondary  deviations,  and  amblyopia  of  the  deviating  eye  wj  which  to 
differentiate  them. 

Cause  of  Heterotropia. — Deviations  of  the  visual  axis  may  have  their 
origin  in  anomalies  of  refraction,  structure,  and  insertion  of  the  ocular 
muscles,  and  in  the  development  of  the  orbits,  in  iruiervational  disturbance, 
and  as  the  result  of  congenital  and  acquired  monocular  amblyopia  (opacities 
of  the  media  and  diseases  of  the  fundus) . 

Comitant  Convergent  Squint  (Esoi.una). — There  are  three  varieties 
recognized:  permanent  monocular,  permanent  alternating,  and  periodic. 

Permanent  monocular  squmi  is  tne  most  common.  It  usually  makes 
its  appearance  at  the  age  at  which  the  child  first  begins  to  be  inter- 
ested in  near  objects,  such  as  toys,  picture-books,  etc.— about  two  years 
of  age.  It  may,  at  first,  he  periodic,  but  soon  becomes  permanent  and 
monocular.  Its  origin  is  almost  invariably  attributed  by  the  laity  to 
whooping-cough,  flight,  imitation,  or  to  the  attraction  of  the  child’s  sight 
to  some  object  hanging  overhead.  The  most  frequent,  but  not  the  only, 
cause  is  hype: 'me  tropic  refraction.  This  operates  to  produce  it  through 
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the  excessive  convergence  of  the  visual  axes,  which  accompanies  the  extra 
amount  of  accommodation  required  in  hypermetropia  to  see  distinctly  at  a 
given  distance,  formally,  for  each  angle  of  convergence  an  equal  degree 
of  accommodation  is  employed.  In  the  hypermetrope  this  balance  is  dis- 
turbed from  the  beginning,  since,  in  order  to  see  distinctly  at  a distance, 
the  hypermetrope  must  accommodate  to  the  degree  of  his  hypermetropia 
and  still  maintain  parallelism  of  the  visual  axes.  X ow,  when  it  comes  to 
viewing  an  object  at  near  range,  say  thirty-three  centimetres,  the  hyper- 
metrope will  require  as  many  dioptres  of  accommodation  in  excess  of  the 
three  dioptres  normally  associated  with  three  metre  angles  of  convergence 
as  he  has  dioptres  of  hypermetropia,  and  as  a result  of  this  one  of  two  con- 
ditions must  prevail : either  he  must  be  satisfied  with  blurred,  but  single, 
vision  (both  eyes  converged  to  the  object,  but  accommodation  insufficient), 
or  he  may  secure  distinct  vision  (both  eyes  accommodated  for  the  object, 
but  convergence  excessive),  which  will  produce  double  vision  unless  he  per- 
mits one  eye  to  turn  in,  and  this  is  the  solution  of  the  difficulty  which 
the  patient  instinctively  accepts.  Ninety-eight  per  cent,  of  the  c-  ses  of 
convergent  squint  are  hypermetropic.  Other  causes  of  convergent  squint 
are : — 

1.  Congenital  weakness  of  the  external  rectus  muscles. 

2.  Esophoria.  This  would  be  particularly  apt  to  gioduce  convergent 
squint  if  from  any  cause  one  eye  is  amblyopic,  or  the  retinal  image 
is  distorted  or  faint  as  the  result  of  opacities  in  ffie  cornea  or  other  of  the 
refractive  media. 

3.  Divergence  insufficiency. 

4.  A high  positive  quality  of  the  nngle  gamma  would  tend  to  the 
production  of  a convergent  squint. 

5.  Failure  of  development  of  the  fusion  centre  (Worth). 

In  convergent  squint  the  resin4-  of  hypermetropia,  the  deviating  eye,  in 
more  than  half  the  cases,  is  to  end  co  be  amblyopic.  The  causal  relation- 
ship between  the  squint  ar<d  the  amblyopia  still  remains  in  dispute,  some 
authorities  looking  I’pcn  the  amblyopia  as  the  result  of  the  squint  from 
disuse  of  the  eye,  md  others  regarding  it  as  the  cause  of  the  squint  by 
removing  the  stimulus  to  convergence  which  would  be  excited  if  there  was 
a tendency  to  diplopia.  The  absence  of  diplopia  in  comitant  strabismus 
may  be  due  to  tiie  suppression  of  the  retinal  image,  or  it  may  arise  front 
the  deve1  jpment  of  new  identical  points  in  the  retina  of  the  deviating  eye. 

C vruitant  Divergent  Strabismus  (Exotropia). — The  same  varieties  of 
this  form  of  squint  may  be  recognized  as  of  convergent  strabismus.  The 
permanent  monocular  variety  is  the  most  common,  but  the  alternating  is 
more  frequent  than  in  convergent  squint.  As  a rule,  divergent  squint 
appears  later  in  life  than  does  convergent,  because  it  is  usually  associated 
with  high  degrees  of  myopia,  which  condition,  for  the  most  part,  is  an 
acquired  anomaly.  This  operates  to  produce  it  through  the  .lessened 
amount  of  accommodation  required  to  see  distinctly  at  near  distance,  in 
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consequence  of  which  the  convergence  impulse  is  lessened,  and  as  the  near 
point  approaches  with  the  increase  of  the  myopia  a point  is  reached  where 
the  intemi  are  no  longer  equal  to  their  task  and  divergence  results.  It 
is  also  seen  as  a sequel  to  insufficiency  of  convergence— a condition  which 
may  he  met  with  in  any  state  of  refraction.  Excessive  divergence  of  the 
axes  of  the  orbit  in  the  course  of  the  development  of  the  skull  may  lead 
to  divergent  strabismus  (Weiss).  Diplopia  is  of  more  frequent  occurrence 
than  in  convergent  squint,  probably  because  binocular  vision  has  been 
maintained  to  a later  period  of  life. 

a 


S D 

Fig.  377. — Measurement  of  the  angle  of  squint  lvy  the  perimeter. 

D,  Squinting  eye.  8,  Fixing  eye.  O,  Observer’s  eye  J*-3f  F,  Angle  of  squint. 

C,  C,  Centre  of  corneas. 

The  angle  of  squint  is  the  angle  which  tin  visual  axis  of  the  deviating 
eye  forms  with  the  direction  which  it  should  have  in  a normal  condition 

(Landolt).  . 

Determination  of  the  Angla  o ? Squint. — Much  ingenuity  has  been 
displayed  in  devising  methods  for  the  ready  estimation  of  the  angle  of 
squint,  and  of  these  methods  three  will  be  detailed— those  by  the 
perimeter,  by  prisms,  and  by  tne  linear  method,  or  strabismometiy. 

By  the" Perimeter.-  '"he  patient  is  seated  before  the  perimeter,  with 
both  eyes  uncovered,  and  is  directed  to  look  at  the  button  on  the  perimeter 
or  at  a candleflar  le  held  on  the  visual  line  at  a greater  distance.  While  so 
doing  a second  lighted  candle  is  carried  along  the  arc  of  the  perimeter,  and 
the  examiner,  with  his  eye  placed  directly  behind  this  candleflame,  notes 
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when  the  image  of  the  flame  falls  upon  the  centre  of  the  cornea  of  the 
deviating  eye,  and  when  this  has  come  to  pass  the  angle  of  the  squint  may 
be  read  off  in  degrees.  The  centre  of  the  cornea  is  employed  because  it  is 
impossible  to  determine  the  visual  axis  by  this  method;  consequently  the 
result  obtained  is  only  approximately  correct,  as  it  does  not  take  into  con- 
sideration the  difference  which  almost  invariably  exists  between  the  optic 
axis  and  the  visual  axis  and  the  resulting  angle  formed  by  the  crossing  of 
these  two  lines  at  the  principal  optical  centre.  In  order  to  be  exact,  this 
angle  must  also  be  estimated  and  its  value  added  in  convergent  squint  and 
deducted  in  divergent  squint  from  the  angular  determination.  A modifica- 
tion of  the  perimeter  test  is  the  Priestley  Smith  tape-measure  test  (page 
114),  in  which  no  allowance  is  necessary  for  this  angle. 

Bij  Prisms . — This  method  is  applicable  only  where  diplopia  exists 
spontaneously  or  can  be  induced.  When  diplopia  does  not  exist  spon- 
taneously, which  is  the  rule,  it  may  sometimes  be  induced  by  placing  a 
red  glass  before  the  eye  with  the  better  vision ; this  failing,  a prism  should 


Fig.  378. — Linear  measure Tient  of  squint. 


be  placed  vertically  before  one  eye,  j-nd,  by  thus  throwing  the  image  on  to 
a different  part  of  the  retina,  diplopia  may  often  be  excited.  Prisms  are 
to  be  held  horizontally  before  either  eye  of  sufficient  strength  to  fuse  the 
two  images  if  diplopia  be  inuced  by  the  first  method,  or  until  the  images 
stand  one  above  the  othei,  if  diplopia  be  induced  bv  the  second  method. 

A second  method  of  employing  prisms  to  measure  the  degree  of  devia- 
tion is  in  connection  with  the  cover  test.  That  prism  is  a measure  of  the 
squint  which  maintains  the  visual  axes  directed  to  the  fixing  object  held 
about  forty  centimetres  before  the  eye  when  the  cover  is  transferred  from 
one  eye  te  the  other. 

I.dii ear  Method. — A ruler  is  held  close  against  the  lower  lid  of  the 
squinting  eye,  and  the  divisions  corresponding  to  the  centre  of  the  cornea 
when  the  eye  is  made  to  fix  a distant  object,  and  when  it  again  is  allowed 
ic>  assume  its  abnormal  position,  are  noted.  The  difference  is  a measure  of 
ihe  squint.  A special  instrument  called  a strabismometer  may  be  used. 
This  test  is  not  without  value  in  determining  the  length  of  the  piece  of 
muscle  desirable  to  remove  in  performing  advancement  with  resection  of 
the  muscle  in  high  degrees  of  squint,  but,  as  is  insisted  upon  by  Landolt, 
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it  is  manifestly  incorrect  to  speak  in  linear  terms  of  an  angular  quantity. 

(For  other  methods  see  Chapter  IV.) 

Treatment  of  Strabismus.— The  vast  majority  of  cases  of  strabismus 
having  their  origin  in  an  error  of  refraction,  the  first  step  in  their  treat- 
ment will  consist  in  the  correction  of  that  error.  The  total  error  of  refrac- 
tion should  be  determined  under  complete  paralysis  of  the  ciliary  muscle, 
secured  preferably  by  the  use  of  atropin,  and  the  glass  which  is  found  to 
correct  it  should  be  worn  constantly.  By  the  aid  of  ophthalmoscopy  and 
retinoscopy  the  refraction  status  can  be  quite  accurately  determined,  even 
in  very  young  children,  and  at  the  age  of  three  years  they  may  be  given 
glasses  to  wear.  Experience  has  demonstrated  that,  by  this  method  of 
treatment,  the  visual  axes  are  rendered  parallel  in  cases  of  moderate  degree. 
The  parallelism  is  maintained  so  long  as  the  glasses  are  worn,  the  eye  re- 
verting to  its  faulty  position  as  soon  as  they  are  removed.  In  cases  where 
convergent  squint  manifests  itself  before  the  age  at  which  it  would  be 
deemed  advisable  to  place  spectacles  on  the  child,  a course  of  atropinization 
for  the  purpose  of  relaxing  the  convergence  by  paralyzing  the  accommoda- 
tion should  be  employed.  A weak  solution  of  atropin  (gr.  j to  53)  siou 
be  instilled  into  the  fixing  eye  twice  daily  for  periods  of  two  or  three  weeks, 
until  parallelism  of  the  visual  axes  may  be  brought  about  by  correction  ot 
the  refraction  error,  care  being  taken  not  to  get  the  toxic  effect  of  the  drug 
and  to  shade  the  eyes  from  bright  light.  In  a few  cases  the  primary  effect 
of  the  atropin  will  be  found  to  increase  the  squint  as  the  result  ot  the 
excessive  accommodation  innervation  which  is  induced  by  the  attemp  e 

of  the  patient  to  see  distinctly  (Savage).  . 

Orthoptic  Treatment. — For  success  with  this  method  diplcoia  mast 
exist;  and,  if  not  present  spontaneously,  it  must  be  induced.  This  condi- 
tion obtaining,  a stereoscope,  in  which  the  prisms  have  been  replaced  by 
convex  spheric  lenses  of  6 D.  strength,  and  in  which  the  distance  between 
the  stereoscopic  pictures  for  the  two  eyes  may  be  increased  or  lessened  at 
pleasure,  is  employed  to  stimulate  binocular  vision.  9 he  est  pictures  mus 
be  placed  at  the  focus  of  the  lenses  so  that  they  will  be  plainly  seen  without 
accommodation,  and,  associated  convergence  being  stimulated,— if  the 
visual  axes  be  parallel,  and  the  pictures  be  not  too  far  apart,— the  two 
images  will  be  fused  into  one  having  the  third  dimension.  Where  the 
visual  axes  converge,  the  pictures  must  he  approximated  until  both  eyes  see 
simultaneously.  After  this  has  been  accomplished  actual  fusion  and 
restoration  of  binocular  vision  may  be  expected.  Where  there  is  unequal 
acuity  of  vision  in  the  two  eves,  difficulty  will  be  experienced  m inducing 
the  eye  with  the  reduced  visual  acuity  to  perceive  the  picture  correspond- 
ing to  that  eye.  Equalizing  the  visual  acuity  of  the  two  eyes  by  fogging 
the  sight  of  the  better-seeing  eye,  by  using  a higher  plus  lens  than  is  before 
the  other  eye,  or  rtoeatedly  and  momentarily  excluding  the  better  eye,  will 
be  found  of  assistance.  The  amblyoscope  of  Worth  also  will  prove  useful 
in  developing  tue  vision  of  amblyopic  eyes  and  in  bringing  about  binocular 
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vision  if  employed  during  the  years  the  fusion  faculty  is  developing — that 


is,  before  the  child  is  six  years  of  age.  The  patience  and  time  required  to 
secure  results,  and  the  limited  field  of  usefulness  of  this  form  of  treat- 
ment, have  interfered  with  its  securing  the  position  it  deserves.  It  will 
also  be  found  of  service  in  restoring  binocular  vision  where  operation  has 
produced  spontaneous  diplopia. 

Operative  Correction  of  Strabismus. — Should  the  above  methods  fail 
to  restore  parallelism  to  the  visual  axes,  the  question  of  operative  interven- 
tion must  be  considered.  No  unanimity  exists  among  surgeons,  either  as 
to  the  method  to  be  pursued  or  as  to  the  age  at  which  it  should  be  under- 
taken. Without  entering  into  a discussion  of  the  reasons  it  may  be  stated 
that  the  operation  of  advancement  of  the  tendon  of  the  muscle  more  nearly 
restores  the  normal  physiologic  and  anatomic  relations  than  does  tenotomy. 
However,  owing  to  the  ease  with  which  it  may  be  performed,  tenotomy  is  the 
prevailing  method  of  procedure,  but  it  is  rarely  performed  by  the  writer. 
No  operation  should  bo  performed  until  the  patient  has  arrived  at  an  age  at 
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Fig.  379. — Relative  positions  of  the  line  of  1 glit  md  the  disc  of  light  in 
the  Maddox  rod  test. 

The  rod  is  before  right  eye. 

which  a comprehensive  study  of  the  conditions  can  be  made  and  the  co- 
operation of  the  patient  can  be  obtained  in  restoring  binocular  vision. 
Nor  should  it  be  delayed  until  nun  has  effaced  the  faculty  of  binocular 
vision.  As  to  the  results  t^  be  Q\pected  from  the  performance  of  tenotomy, 
it  may  be  stated  for  genoij  guidance  that  a tenotomy  of  a single  internal 
rectus  muscle,  without  a tvX)  free  dissection  of  the  reflected  fibres  of  the 
capsule  of  Tenon,  will  correct  about  15  to  20  degrees  of  deviation;  and 
a double  tenotomv.  from  20  to  35  degrees.  The  effect  will  be  somewhat 
less  after  the  same  operation  on  the  external  muscles.  For  higher  defects 
a tenotomy  w;+h  advancement  of  one  or  both  of  the  opposing  muscles  may 
be  required. 

Latent  Deviation  (Heterophoria). — So  great  is  the  antipathy  to  double 
vision  ihat  a weakness  of  a muscle  of  sufficient  degree  to  become  at  once 
Tii,:1  ifest,  when  the  incentive  to  binocular  vision  has  been  removed,  will  be 
o(  nt±nuously  overcome,  but  at  the  expense  of  exhausting  nervous  innervation. 

The  muscular  equilibrium  may  be  disturbed  by  either  an  actual  or  a 
relative  weakness  of  one  or  more  muscles,  such  weakness  causing  a tendency 
toward  deviation  of  the  visual  axes. 
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For  the  determination  of  these  tendencies  it  is  necessary  to  remove  the 
incentive  to  binocular  vision.  Various  methods  for  accomplishing  this 
have  been  devised,  but  only  the  more  useful  will  be  considered. 

Maddox  Bod  Test. — A cylinder  of  glass,  or  some  modification  thereof  , 
which  has  the  effect  of  converting  the  image  of  a point  of  light  into  a 
line  of  light  having  a direction  at  right  angles  to  the  long  axes  of  the  cylin- 
der is  placed  before  the  eye,  with  its  length  horizontal,  if  it  be  desired  to 
test  the  lateral  muscles,  and  vertical  if  the  vertical  muscles  are  to  be  tested. 

A small  light  is  placed  at  a distance  of  five  metres  in  front  of  the  patient. 
The  line  of  light  replaces,  in  the  eye  before  which  the  rod  is  placed,  the 
image  of  the  flame.  If  the  visual  axes  be'  parallel,  the  line  of  light  will 
bisect  the  flame.  If  exoplioria  exists,  the  line  of  light  will  lie  to  the  opposite 
side  of  the  flame  to  that  of  the  eye  before  which  the  rod  has  been  placed 
(crossed  diplopia) . In  esophoria  it  will  lie  on  the  side  corresponding  to  the 
eye  before  which  the  rod  has  been  placed  (homonymous  diplopia).  In 
hyperphoria  it  will  lie  above  or  below  the  light,  and  will  be  designated  right 
or  left  according  to  whether  the  image  of  the  right  or  left  eye  be  the 

lower.  # 0 . 

Equilibrium  Test  (von  Graefe’s  Test).— A prism  of  8°  or  10  is 

placed  with  the  base  down  before  either  eye  and  a small  light  at  twenty  feet 
(six  metres)  distance  is  used  as  the  test-object.  The  prism  removes  the 
tendency  to  fusion  by  displacing  the  image  belonging  to  the  eye  before 
which  the  prism  has  been  placed  to  a point  below  the  fovea,  in  consequence 
of  which  it  will  be  projected  above  the  image  belonging  to  the  other  eye.  . t 
orthophoria  for  the  lateral  muscles  exists,  the  images  of  the  two  eyes  will 
stand  one  directly  above  the  other.  If  exophoria  be  present,  the  lisp  aced 
image  will  lie  to' the  opposite  side  of  the  image  belonging  to  tl  « other  eye 
from  tliat  before  which  the  prism  has  been  placed.  If  esopho  ia  be  present, 
it  will  lie  on  the  corresponding  side. 

To  prevent  fusion  of  the  images  in  testing  the  balaucc  of  the  vertical 
muscles,  a somewhat  stronger  prism  should  be  employed  with  the  base  of 
the  prism  held  toward  the  nose.  If  hyperphoria  exists,  one  light  will  ap- 
pear higher  than  the  other.  Hyperphoria  of  that  eye  whose  image  is  the 
lower  exists.  In  all  of  these  tests  the  degree  of  prism  required  to  bring 
the  lights  into  alignment  is  a measure  of  tne  deviation.  The  equilibrium 
test  is  now  usually  made,  with  the  photometer  of  Stevens,  which  consists 
of  a pair  of  6°  prisms  so  mounted,  n -otary  cells,  one  before  each  eye,  that 
their  bases  are  opposed  when  the  pi'sms  are  rotated  to  the  vertical  position 
and  are  in  apposition  when  in  the  horizontal  position.  A scale  is  so  affixed 
to  the  circumference  of  each  cell  that  the  amount  of  heterophoria,  which 
is  determined  by  tbe  amount  of  rotation  requisite  to  bring  the  lights  into 
alignment,  may  be  at  once  read  off.  Accessory  cells  in  which  are  mounted 
a rotary  prism' an  I e Maddox  rod  and  which  contain  grooves  for  trial  lenses 
complete  an  instrument  which  is  suited  for  testing  the  refraction  and  mus- 
cular  anomcti  es. 
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Parallax  Test  (Duane). — While  fixing  a small  light  placed  at  a dis- 
tance of  twenty  feet  (six  metres),  and  as  close  to  the  plane  of  the  wall  as  is 
possible,  one  eve  is  momentarily  covered  by  a card,  after  which  it  is  rapidly 
transferred  to  the  other  eye.  If  heterophoria  exists,  an  apparent  movement 
of  the  light  will  take  place.  If  this  movement  takes  place  in  the  direction 
of  the  eye  to  which  the  card  is  transferred,  exophoria  is  present;  if  in  the 
opposite  direction,  esophoria  exists.  If  the  movement  is  up,  there  is  hyper- 
phoria, designated  by  the  side  to  which  the  card  has  been  transferred; 
if  down,  there  is  hyperphoria,  designated  bv  the  side  from  which  the  card 
has  been  transferred. 

Example. — If  when  the  card  is  transferred  from  the  right  eye  to  the 
left  the  light  appears  to  move  to  the  left,  there  is  crossed  parallax,  or 
exophoria;  if  the  light  appears  to  move  to  the  right,  there  is  homonymous 
parallax,  or  esophoria;  if  it  moves  up  there  is- left  hyperphoria,  and  if  it 
moves  down  there  is  right  hyperphoria.  The  degree  of  the  prism  which 
neutralizes  the  apparent  movement  is  a measure  of  the  deviation. 

Cobalt-Glass  Test. — This  simple  test  will  be  found  to  uncover  even 
very  low  degrees  of  heterophoria.  A cobalt  glass  or  the  superposed  red  and 
the  blue  glass  usually  found  in  trial  cases  is  placed  before  ooo  eye,  and  in 
front  of  this  is  held  a card.  After  waiting  twenty  or  thirty  seconds  the 
card  is  slowly  withdrawn  laterally  from  in  front  of  the  pupillary  space; 
and  when  the  edge  of  the  card  has  passed  the  visuaj  axis  two  lights — one  of 
a cobalt  color,  the  other  of  the  color  of  the  flum.1 — will  be  observed,  if 
heterophoria  exists.  If  orthophoria  is  presem,  bi.t  one  light  of  the  color  re- 
sulting from  the  superposition  of  the  two  imag'N  will  be  seen.  That  prism 
or  combination  of  prisms  with  which  bu+  one  light  is  observed  is  a measure 
of  the  degree  of  heterophoria. 

In  all  of  the  above  tests  the  vst-object  should  by  preference  be  a 
luminous  disc  from  one-half  to  on'1  centimetre  in  diameter. 

Near  Tests. — The  above  Leeds  serve  to  indicate  the  tendency  of  the 
visual  axes  when  the  accommodation  is  at  rest.  To  determine  this  tendency 
when  it  is  being  used — Tia"  is,  at  reading  distance — either  of  the  first  two 
tests  may  be  emplo;  ed^  using  for  the  test-object  a two-millimetre  black  dot 
on  a white  card,  and  a CO  D.  convex  cvlindric  lens  in  place  of  a Maddox  rod. 

The  usual  tinted  Maddox  rod  may  be  employed,  using  as  a fixing 
object  a half  candle  electric  bulb  mounted  with  a handle  and  controlled  by 
a rheostat  so  that  the  filament  is  just  sufficiently  incandescent  that  the  red 
line  produced  by  the  rod  is  visible. 

Cover  Test. — One  eye  is  covered  by  the  hand  of  the  examiner  while 
tin  other  fixes  a pencil-point  held  in  front  of  the  face  at  a distance  of  thirty 
centimetres.  After  a few  moments  the  hand  is  transferred  to  the  other 
^ye,  when,  if  heterophoria  exists,  the  uncovered  eye  will  be  seen  to  make  a 
movement  in  order  to  fix  the  pencil-point.  If  the  eye  moves  outward,  it 
must  have  been  deviated  inward  while  under  cover,  indicating  insufficiency 
of  the  external  rectus,  or  esophoria.  If  it  moves  inward,  it  must  have  been 
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deviated  outward  while  under  cover,  indicating  exophoria.  If  it  moves 
either  upward  or  downward,  it  indicates  hyperphoria.  If  no  movement 
takes  place,  the  visual  axis  must  have  maintained  the  same  direction  as  that 
of  the  other  eye,  indicating  orthophoria. 

Test  for  Cyclophoria  (Savage). — A Maddox  double  prism  is  placed 
before  one  eye  with  the  basal  line  bisecting  the  pupillary  space,  horizontally, 
the  other  eye  being  covered.  The  patient  is  directed  to  look  at  a horizontal 
line  drawn  on  a card,  held  at  forty  centimetres.  The  effect  of  the  prism  is  to 
produce  monocular  diplopia,  two  parallel  horizontal  lines  appealing,  the 
other  eye  is  now  uncovered,  when  a third  line,  placed  between  the  other 
two,  will  come  into  view.  The  naked  eye  is  the  eye  under  test.  If  there 
is  harmonious  action  of  the  oblique  muscles,  the  three  lines  will  appeal 
parallel.  If  there  is  want  of  harmony,  it  will  be  shown  by  obliquity  of  the 
middle  line.  With  the  prism  before  the  right  eye,  if  the  right  end  of  this 
line  dips,  there  is  insufficiency  of  the  left  superior  oblique;  if  the  left  end 
dips,  there  is  insufficiency  of  the  left  inferior  oblique.  With  the  prism  be- 


Fig.  380. 

A Insufficiency  of  the  left  superior  oblique.  B,  Insufficiency  of  the  right  superior  oblique. 
O Insufficiency  of  the  left  inferior  oblique.  D,  Insufficiency  of  the  right  lnfenc.-  obJque. 


fore  the  left  eye,  if  the  left  end  dips,  there  is  insufficiency  of  the  right 
superior  oblique ; if  the  right  end  of  the  line  dips,  there  is  int ufficiency  of 
the  right  inferior  oblique. 

Prism  Vergence. — Having  determined  the  direct. on  assumed  by  the 
visual  axes  when  deprived  of  the  extra  innervation  called  forth  by  the 
desire  for  single  vision,  it  remains  to  detemdno  whether  this  abnormal 
tendency  is  associated  with  deficient  or  e^ceisive  adducting  or  prism-con- 
vergence power ; deficient  or  excessive  abducting  or  prism-divergence  power; 
or  deficient  or  excessive  prism  supra-  or  inira-  ducting  power. 

The  power  of  convergence  can  Le  measured  in  metre  angles  (see  page 
123)  or  by  determining  the  nea.  point  of  convergence,  and  also  by  the 
power  of  the  internal  recti  muscles  to  overcome  the  diplopia  produced  at 
twenty  feet  (six  metres)  bv  prisms  placed  with  the  bases  toward  the  temple 
before  the  eyes.  In  order  to  estimate  the  near  point  of  convergence  it  is 
only  necessary  to  approach  a pointed  lead-pencil  to  the  eyes  along  the 
median  line  and  measure  the  distance  from  the  eyes  at  which  the  point 
begins  to  appear  double.  This  should  be  at  about  six  centimetres  (two 
and  one-half  in  ones).  Prism  convergence  varies  greatly  within  normal 
limits,  raugng  from  25  to  70  degrees  or  even  more. 
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The  power  of  divergence  can  be  measured  only  by  the  power  of  the  ex- 
ternal recti  muscles  to  overcome  or  fuse  the  diplopia  produced  by  prisms 
held  with  the  bases  toward  the  nose  before  the  eyes.  This  normally  equals 
from  5 to  8 degrees. 

It  will  be  found  that  the  adducting  power  determined  at  the  first 
trial  is  frequently  very  far  below  the  above-mentioned  limits  even  in  those 
with  whom  a few  trials  develop  a normal  degree  or  who  possess  the  full  num- 
ber of  metre  angles  of  convergence.  The  abducting  power  is  a fairly  con- 
stant quantity  in  repeated  tests.  Supraduction  is  measured  by  the  degree 
prism  which,  placed  with  its  base  down  before  either  eye,  can  be  overcome ; 
likewise  infraduction  is  measured  by  the  degree  prism  which  can  be  over- 
come when  placed  with  its  base  up  before  either  eye.  Both  should  equal 
2 to  3 degrees. 

The  following  is,  in  abstract,  Duane’s  finding  of  associated  conditions 
in  excessive  and  insufficient  convergence  and  divergence  power: — 

In  Insufficiency  of  Convergence  there  is  either  orthophoria  or  a tend- 
ency to  exophoria  at  twenty  feet  (six  metres)  and  marked  exophoria  near 
distances.  The  near  point  of  convergence  may  be  seven  to  ten  centimetres. 
The  adducting  power  is  low  and  difficult  to  develop,  and  tic  abducting 
power  is  normal,  slightly  increased,  or  decreased. 

In  Excessive  Divergence  there  is  exophoria  for  near  and  far  distances. 
The  convergence  near  point  is  nearly  normal.  The  adducting  power  is  low 
or  may  be  normal  and  the  abducting  power  is  excessive. 

In  Insufficiency  of  Divergence  there  is  esophoria  for  distance  and 
orthophoria  or  possible  exophoria  for  near.  Tne  convergence  near  point  is 
normal.  The  adducting  power  is  normal  ami  the  abducting  power  is  greatly 
diminished. 

In  Excessive  Convergence  there  ic  orthophoria  or  slight  esophoria  for 
distance  and  marked’  esophoria  fo  near.  The  near  point  of  convergence  is 
very  close  to  the  eyes.  The  adducting  power  is  high  and  the  abducting 
power  may  be  low.  Disturbance  of  vertical  equilibrium  affects,  the  lateral 
equilibrium  and  may  aggravate  or  even  originate  lateral  deviations. 

Symptomatology. — Disturbance  of  the  ocular  muscular  equilibrium 
gives  rise  to  a great  variety  of  symptoms,  ranging  from  ocular  pain  with 
headache  to  a symptom-complex  simulating  grave  organic  nervous  disease. 
The  more  usual  group  of  symptoms  is  headache,  basal  or  extending  from  the 
eyes  to  the  occiput;  pain  between  the  shoulder-blades;  confused  vision  fre- 
quentlv  called  forth  by  car-riding^  sight-seeing,  and  shopping,  and  often 
causing  anxiety  in  the  turmoil  of  crowded  thoroughfares;  consciousness 
on  the  part  of  the  patient  that  the  ocular  muscles  are  not  working  in  har- 
mony (in  some  instances  the  patient  will  state  that  the  sensation  is  as  though 
he  had  lost  control  of  the  eyes  and  that  they  had  momentarily  turned 
either  in  or  out)  ; nausea  and  dizziness  and  even  vomiting  if  the  strain  is 
continued.  Restlessness  is  frequently  marked,  especially  in  children. 
There  can  be  no  doubt  that  neurasthenia  does  result  from  uncorrected 
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muscular  anomalies,  and  it  is  conceivable  that  epilepsy,  migraine,  and 
chorea  might  be  induced  in  the  extremely  neurotic  with  strong  predisposi- 
tion to  these  affections.  The  local  symptoms  do  not  differ  greatly  from 
those  excited  by  anomalies  of  the  refractive  media,  namely:  blepharitis, 
clonic  blepharospasm,  hordeola,  and  congested  conjunctiva,  at  times  more 
pronounced  over  the  insertion  of  the  faulty  muscle. 

Treatment. — The  first  measure  to  be  adopted,  in  the  treatment  of 
these  troublesome  disturbances,  is  fully  to  correct  any  error  of  refraction 
that  may  exist,  the  only  exceptions  to  this  rule  being  those  cases  of  in- 
sufficiency of  convergence  associated  with  hypermetropia,  where  it  is  advis- 
able to  stimulate  convergence  through  the  accommodation,  which  may  in  a 
measure  be  accomplished  by  correcting  only  so  much  of  the  hypermetropia 
as  is  consistent  with  the  age  of  the  patient  and  the  work  required  of  the 
eyes;  and  in  those  cases  of  myopia  associated  with  divergence  insufficiency, 
where  convergence  should  be  lessened  by  diminishing  the  accommodation, 
which  may  be  accomplished  by  partially  correcting  the  myopia. 

In  connection  with  the  local  treatment  general  treatment  is  always 
demanded.  Many  of  these  sufferers  are  the  offspring  of  neurotic  parents 
or  come  of  phthisical  stock.  The  use  of  nux  voniTfa  for  insufficiency  of 
convergence  and  of  liyoscyamus  for  insufficiency  of  divergence  will  be  found 
to  be  of  only  temporary  benefit. 

The  symptoms  excited  by  low  degrees  of  heterophoria  are  often  allayed 
bv  the  wearing  of  prisms.  This  is  particularly  true  of  vertical  tendencies, 
and,  in  cases  where  this  is  of  moderate  degree:,  two-thirds  of  the  whole 
amount  may  be  corrected  with  the  expectation  in  some  cases  of  thus  un- 
masking some  of  the  latent  error.  When  this  occurs  a corresponding  amount 
should  again  be  corrected,  and  this  procedure  can  be  repea.  M until  the 
error  is  a constant  one,  when  an  operation  can,  with  understanding,  be 
performed. 

In  weak  adduction-  it  is  well  not  to  correct  the  total  amount  of  exo- 
phoria,  as  it  is  apt  still  further  to  increase  the  convergence  insufficiency. 
Usually  the  prisms  need  be  worn  only  at  near  work,  and  for  this  purpose 
they  may  be  put  into  fronts,  a supplementary'  frame  to  be  hooked  on  the 
front  of  the  spectacles  containing  the  -efr.  cuon  correction.  Esophoria 
may  be  totally  corrected  in  weak  abduction.  There  are  optical  and  physical 
limits  to  the  degree  possible  to  be  corrected  by  prisms,  and,  as  a rule,  3.5 
prisms  before  each  eye  is  about  all  that  can  be  worn,  and  these  are  apt  to 
be  uncomfortable,  owing  to  their  weight,  to  the  chromatic  aberration,  and 
to  the  reflection  from  their  surfaces.  The  writer,  however,  has  a patient 
with  paralysis  of  divergence  wearing  with  comfort  an  8 prism,  base  out, 
before  each  eye. 

Several  method.:  have  been  proposed  for  strengthening  adduction  and 
abduction.  The  plan  most  in  vogue  is  to  practice  fusing  of  images  pro- 
duced by  placing  prisms  before  the  eye  in  such  a manner  that  the  false  image 
is  displaced  in  the  direction  of  action  of  the  muscles  to  be  strengthened.  A 
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small  flame  having  been  placed  at  a distance  of  six:  metres,  the  patient  is 
directed  to  begin  with  the  weakest  prism,  base  out^  which  produces  diplopia 
and  endeavor  to  fuse  the  images.  When  this  has  been  accomplished  the 
eyes  are  to  be  momentarily  closed,  and,  as  soon  as  on  opening  the  eyes  fusion 
occurs  without  conscious  effort,  the  strength  of  the  prism  is  to  be  increased. 
Exercise  of  convergence  or  adduction  requires  the  use  of  prisms  placed  with 
their  bases  toward  the  temple.  Care  must  be  taken  to  have  the  prism 
exactly  horizontal,  which  may  be  told  by  the  lights  being  on  a horizontal 
line,  or  fusion  will  be.  difficult  or  even  impossible.  Such  exercise  should 
not  be  continued  longer  than  five  minutes  at  a time  nor  repeated  oftener  than 
three  times  a day.  W hen  adduction  has  reached  about  60  degrees  no  further 
increase  is  necessary,  but  prisms  of  this  strength  should  be  practiced  with 
thereafter.  Further  benefit  may  be  obtained  by  the  same  exercises  per- 
formed at  reading  distance.  Adduction  may  also  be  strengthened  by  having 
the  patient  view  the  tip  of  a pencil  as  it  is  approached  to  the  eye.  As 
soon  as  it  appears  double  he  should  look  momentarily  at  a distant  light; 
this  is  to  be  repeated  for  about  ten  minutes,  twice  a day.  Bar-rendh  g is 
also  of  service.  In  order  to  exercise  divergence  or  abduction,  ri.e  veakest 
prism  which  produces  diplopia  at  six  metres  should  be  place  d before  the 
eye.  If  fusion  is  impossible  the  light  should  be  approach et^  and,  when 
the  images  merge,  the  distance  from  the  light  should  be  increased.  A 
divergence  power  of  8 degrees  should  be  striven  for.  Should  all  such  means 
fail  to  correct  the  deviation  or  to  relieve  the  subjective  symptoms  after 
several  months"  trial,  operative  intervention  is  cai^d  for. 

Savage  seeks  to  exercise  the  weal ; obliques  by  the  use  of  cvlindric  lenses 
placed  at  oblique  axes  before  the  eyes.  Either  convex  or  concave  lenses 
may  be  employed.  If  convex,  the  axes  mud.  be  placed  in  the  lower  temporal 
quadrant  for  insufficiency  of  the  superior  obliques,  and  in  the  lower  nasal 
quadrants  for  insufficiency  of  the  inferior  obliques.  The  effect  is  increased 
by  revolving  them  from  the  vertical,  the  maximum  effect  being  secured  at 
45  degrees  therefrom.  Tilt  exercise  should  be  commenced  with  0.50  D. 
lens  placed  before  both  eyes,  and  increased  each  day  a 0.50  D.  up  to  3 D. 
The  patient  is  directed  to  fix  a distant  light  for  three  minutes,  at  the  end 
of  which  time  the  cylinders  are  revolved  symmetrically  15  degrees  and  the 
light  is  again  viewed.  The  exercise  may  be  repeated  twice  a day. 

In  convergence  weakness  the  proper  operation  is  advancement  of  the 
tendon  of  the  internal  rectus  muscle  or  advancement  -of  the  capsule  of 
Tenon.  The  latter  operation  will  be  found  useful  where  the  exophoria  does 
not  exceed  8 degrees  for  near. 

In  convergence  excess  a carefully  performed  tenotomy  of  the  internal 
roe tU'  is  called  for. 

In  divergence  weakness , advancement  of  the  tendon  of  the  external  rec- 
tus or  of  the  capsule  of  Tenon  is  the  proper  procedure. 

In  divergence  excess  a carefully  performed  tenotomy  of  the  external 
rectus  will  be  found  adequate. 
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OPERATIONS  ON  THE  OCULAR  MUSCLES. 

Tenotomy. — General  anesthesia  is  required  only  in  very  young  patients. 
For  local  anesthesia  a 4-per-cent,  solution  of  cocam  will  be  found  efficient, 
a few  drops  being  instilled  into  the  conjunctival  sac  before  the  operation 
and  into  the  subconjunctival  tissues  through  the  conjunctival  incision  from 
time  to  time  during  the  operation.  A stop  speculum  having  been  inserted, 
the  conjunctiva  is  incised  with  a pair  of  tenotomy  scissors  a little  to  the 
corneal  side  of  the  insertion  of  the  tendon.  The  underlying  fibres  of  the 
capsule  of  Tenon  are  then  snipped  sufficiently  to  expose  the  insertion  of 
the  tendon  and  so  permit  of  the  strabismus-liook  being  inserted  beneath 
the  tendon.  The  tendon  is  then  severed  by  a series  of  cuts  made  with 
the  scissors  between  the  hook  and  the  globe.  To  make  sure  that  no  strands 
have  been  left  undivided  the  hook  should  be  reinserted  and,  with  its  point 
kept  in  contact  with  the  sclera,  it  should  be  swept  above  and  below  the 
limits  of  the  attachment.  If  a thorough  division  has  been  made,  the  hook 
will  appear  subconjunctivally  at  the  margin  of  the  cornea.  A conjunctival 
suture  is  unnecessary.  Panas  advises  stretching  of  the  muscle  before  severing 
it.  The  eye  should  be  lightly  bandaged  for  about  forty-eight  hours.  Im- 
mediately after  the  operation  the  excursions  of  the  eyeball  should  be  full, 
and  if  the  internal  rectus  has  been  cut,  convergence  of  five  centimetres 
should  be  possible;  if  it  is  not,  then  the  muscle  should  be  brought  forward 
by  a suture,  one  end  of  which  passes  through  the  tendon,  the  other  through 
the  conjunctiva  close  to  the  cornea.  The  hemorrhage  attending  this  and 
other  operations  made  on  the  ocular  muscles  will  be  much  lessened  by  ue 
use  of  a few  drops  of  adrenalin  solution  (1  to  3000). 

[Accidents. — 1 . Perforation  of  the  Sclera  during  the  opeiatio  1 ui 
tenotomy  has  occurred  to  many  distinguished  operators,  hut  such  an  acci- 
dent is  usually  due  either  to  want  of  skill  or  to  the  use  of  sharp-pointed 
instead  of  blunt  scissors.  The  accident  is  announced  by  a sinking  back  ot 
the  iris,  a loss  of  vitreous  humor,  and  a reduction  in  ocular  tension,  it 
the  accident  occurs  before  the  tendon  has  been  severed,  it  should  be  cut, 
provided  the  wound  is  anterior  to  the  tendinous  attachment,  since  the  con- 
traction of  the  undivided  muscle  will  caw-  the  wound  to  gape.  If  the 
wound  is  posterior  to  the  attachment,  the  mm  cle  should  not  be  cut,  since 
its  normal  action  will  tend  to  keep  the  lips  of  the  wound  coaptated  (Ris- 
lev)  The  conjunctiva  should  be  sutured,  both  eyes  should  be  bandaged, 
and  "the  patient  should  be  placed  in  led.  Under  favorable  circumstances 
heal  in  will  occur  without  sequels  Some  of  the- reported  cases  have  been 
followed  by  severe  pain,  ciliary  staphyloma,  cliorioidal  atrophy,  reduction 
in  visual  acuity,  and  even  panophthalmitis.  . _ 

2 Excessive  Hern-m  n age  may  occur,  particularly  in  hemoplules.  it 
may  come  from  cutting  .00  deeply  into  the  orbital  tissues,  causing  Tenon’s 
capmle  to  fill  with  blood  and  the  eye  to  protrude.  Masses  of  fat  sometimes 
appear  in  the  wound  and  should  be  excised.  The  conjunctiva  should  be 
sutured  and  a pressure  bandage  should  be  applied. 
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S.  Post-operative  Infection  occurs  in  rare  instances,  and  may  lead  to 
tenonitis,  panophthalmitis,  orbital  phlegmon  with  atrophy  of  the  optic 
nerve,  atrophia  bulbi,  etc.  The  condition  will  require  appropriate  treat- 
ment. A case  of  diphtheritic  infection  in  the  tenotomy  wound,  occurring 
in  Knapp’s  practice,  ended  in  panophthalmitis. 

4.  Unpleasant  Sequelce  of  tenotomy  have  been  frequently  observed. 
Among  them  are  sinking  of  the  caruncle,  exophthalmos,  and  the  conversion 
of  a convergent  into  a divergent  squint. 

5 . Operation  upon  the  wrong  eye  is  to  be  avoided. — Ball.] 


Fig.  381. — Total  advancement.,  (Author.) 

(Orig?nu  <1- awing  by  Dr.  R.  W.  Mills.) 

In  this  operation  the  muscle,  capsule  of  Tenon,  and  conjunctiva  all  are  advanced. 

The  tissues  ext  rnal  to  the  dotted  line  are  to  be  excised. 

Graduated  Tenotomy. — The  operation  of  graduated  tenotomy  has  been 
practiced  now  fjr  many  years,  but  the  question  of  its  value  still  remains 
a subject  of  dispute.  The  topographic  relations  existing  between  the  mus- 
cles of  the  eyeball  and  the  eyeball  itself;  the^  small  result  sometimes  ob- 
tained from  a complete  division  of  a tendon;  and  the  slight — at  times 
negative  —effect  upon  muscular  anomalies  where  the  graduated  operation 
has  been  repeatedly  performed,  all  are  calculated  to  inspire  distrust  in  its 
efficacy. 

In  those  exceptional  cases  where  attention  to  the  error  of  refraction,  to 
the  development  of  the  ducting  power  of  the  muscles,  and  to  the  health  of 
the  patient  fails  to  remove  undoubted  reflex  symptoms,  it  will  usually  be 
found  that  there  exists  a latent  phoria  which  Anally,  under  prismatic  cor- 
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rection  of  the  manifest  degree,  becomes  total  and  suited  to  a thorough 
surgical  procedure. 

Operation. — For  this  operation  special  instruments,  more  delicate  in 
construction  than  those  used  for  complete  tenotomy,  have  been  devised  by 
Stevens.  A small  fold  of  conjunctiva,  directly  over  the  insertion  of  the 
tendon,  is  seized  and  snipped  transversely  so  as  to  make  a minute  opening. 
Into  this  opening  the  forceps  are  introduced  and  a small  fold  of  the  tendon, 
immediately  behind  its  insertion  into  the  sclera,  is  grasped  and  snipped. 
One  blade  of  the  scissors  is  introduced  into  the  opening  thus  made,  and  is 
slipped  beneath  the  tendon,  which  is  then  snipped  in  the  direction  of  one 
of  its  borders,  to  such  an  extent  as  may  be  deemed  necessary.  The  scissors 
are  then  turned  in  the  direction  of  the  opposite  border,  and  an  equal  extent 
of  the  tendon  is  divided.  The  effect  of  the  operation  is  then  determined, 
and,  if  insufficient,  more  of  the  tendon  is  divided.  This  nrocedure  is  re- 
peated until  orthophoria  is  produced. 

Tenotomy  of  the  Inferior  Oblique  Muscle. — Not  rarely  in  tropias,  par- 
ticularlv  esotropia,  a sudden  upward  deviation  of  the  squinting  eye  takes 
place  when  the  eye  is  adducted.  This  is  probably  the  result  of  overaction 
of  the  inferior  oblique  consequent  upon  a paresis  of  the  superior  rectus 
muscle  of  the  opposite  eye.  In  this  condition  tenotomy  of  the  inferior 
oblique  is  indicated  preliminary  to  operating  upon  the  lateral  muscles. 
The  operation  may  also  be  performed  to  correct  the  diplopia  resulting  from 
paresis  of  the  superior  rectus  muscle,  either  acquired  or  congenital.  An 
incision  about  1 cm.  long  is  made  through  the  skin  and  orbital  septum 
over  the  inferior  orbital  margin,  in  a position  corresponding  to  tlip  point 
of  origin  of  the  muscle  on  the  floor  of  the  orbit.  A strabismus  hook  is 
then  inserted,  the  muscle  engaged  and  drawn  toward  the  incision,  where 
it  is  severed  by  a few  snips  of  the  scissors.  Usually  the  result,  in  both 
classes  of  cases,  is  strikingly  good.  In  one  instance,  at  least,  in  which 
the  writer  performed  the  operation,  the  result  did  not  however,  seem  to 
be  permanent. 

Advancement. — This  operation  is  severe  and  tedious,  and  may  be  per- 
formed under  general  anesthesia.  The  writer  has  had  excellent  results  b\ 
the  Worth  method,  and  uses  it  almost  to  the  exclusion  of  other  procedures. 
The  following  description  is  modified  from  that  given  by  Worth : A straight 
vertical  incision  is  made  through  the  conjunctiva  and  capsule  of  Tenon 
close  to  the  corneal  margin.  These  t ssi  es  are  pushed  back  so  as  to  expose 
the  insertion  of  the  tendon.  A Prince  advancement  forceps  is  now  applied 
so  as  to  include  within  its  blades  the  tendon,  capsule  of  Tenon,  and  con- 
junctiva, with  their  relations  undisturbed  except  for  the  retracting  of  the 
membranes.  The  tendon  and  the  underlying  fibrous  bands  are  divided  with 
scissors  at  their  insertion  into  the  sclera.  One  suture  is  then  passed 
from  the  conjunct^  ai  surface  at  a through  the  tissues  to  the  under  surface 
of  the  muscle.  It  is  then  again  passed  through  muscle,  capsule,  and  con- 
junctiva, and  brought  out  at  b,  thus  including  about  one-fourth  the  width 
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of  the  tendon.  In  the  same  way  the  second  suture  is  carried  in  at  c and 
brought  out  at  d.  The  ends  of  the  suture  passed  from  c to  d are  then 
knotted  tightly  at  c.  The  end  bearing  the  needle  is  then  entered  at  e 
and  passed  through  to  the  under  surface  of  the  muscle  and  carried  forward 
and  inserted  into  .the  circumcorneal  fibrous  tissue  and  brought  out  at  g. 
In  the  same  way  the  suture  entered  at  a is  completed.  The  portion  of 
the  tendon,  capsule  of  Tenon,  and  conjunctiva  grasped  by  the  forceps  is 
then  excised.  The  sutures  are  then  tied  in  a knot  at  g and  h,  bringing 
the  muscle  near  to  the  corneal  limbus  at  g and  h (Fig.  382). 

Worth  recommends  for  suture  material  black-silk  thread  (No.  24,  used 
for  sewing  boots).  This  is  prepared  by  boiling  in  water.  It  is  then  dried 
and  drawn  through  a very  hot  mixture  of  white  beeswax,  3 parts,  and 
white  vaselin,  5 parts,  and  wound  on  a glass  reel. 


Fig.  382. — Advancement  of  an  oculai  muscle  (WORTH.) 

A simpler  operation  is  the  following:  A stop  speculum  is  inserted 
and  Tenon’s  capsule  is  exposed  by  ? lirge  conjunctival  incision,  after  which 
it  is  incised  freely  over  the  insert'on  of  the  muscle  and  particularly  at  the 
borders,  so  that  the  muscle  ran  lifted  from  the  sclera.  One  blade  of 
an  advancement  forceps  is  then  slipped  beneath  the  full  width  of  the  tendon 
and  sufficiently  far  ^ack  10  permit,  if  necessary,  of  excision  of  a piece  of 
the  muscle  in  advvnce  of  its  blades,  and  the  forceps  closed;  if  tenotomy 
of  the  opposing  muscie  is  called  for,  it  is  well  to  do  it  at  this  stage.  The 
tendon  is  now  scared  and  one  needle  of  a double-armed  black  suture  is  en- 
tered from  beneath  the  tendon  and  as  close  to  its  lower  border  as  is  possible. 
It  is  then  interwoven  into  the  muscle  parallel  to  its  cut  edge  and  is  brought 
out  as  ci^se  as  is  possible  to  the  upper  edge  of  the  tendon.  The  upper  needle 
is  then  inserted  into  the  episcleral  and  conjunctival  tissues  at  a distance  of 
about  five  millimetres  above,  and  the  lower  needle  the  same  distance  below, 
the  horizontal  meridian  of  the  cornea,  and  the  ends  of  the  sutures  are  tied. 

, While  tying  the  sutures  the  eyeball  should  be  rotated  in  the  direction  of 
the  severed  muscle.  The  conjunctival  wound  should  be  sutured,  redundant 
tissue  having  been  first  excised.  The  immediate  result  should  be  a slight 
squint  of  an  opposite  nature  to  that  for  which  the  operation  was  done. 
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Capsular  Advancement. — General  anesthesia  is  not  necessary.  The  stop  spec- 
ulum having  been  introduced,  the  capsule  of  Tenon  is  laid  bare  by  a large  conjunctival 
incision.  It  is  then  buttonholed  at  the  lower  margin  of  the  tendon  at  its  insertion. 
A strabismus-liook  is  inserted  into  the  opening,  passed  beneath  the  muscle,  and 
brought  out  at  the  upper  border  of  the  tendon  by  incising  the  overlying  capsule.  The 
conjunctiva  is  then  dissected  up  to  the  cornea  and  nearly  as  far  as  the  vertical 
meridian.  A needle,  threaded  with  a black-silk  suture,  is  passed  through  the  episcleral 
tissue  at  a point  as  far  back  almost  as  the  lower  end  of  the  vertical  meridian  of  the 
cornea,  and  is  brought  out  into  the  conjunctival  opening,  where  it  is  grasped  and 
inserted  into  the  opening  previously  made  into  the  capsule,  under  which  it  is  passed 
as  far  as  the  result  required  warrants,  and  is  there  made  to  emerge  through  the 
overlying  conjunctiva.  After  a similar  suture  has  been  inserted  at  the  upper  margin 
of  the  muscle  the  two  ends  of  each  are  tied.  The  immediate  effect  should  be  a 
marked  overcorrection  of  the  deviation.  In  the  advancement  operations  it  is  well  to 
bandage  both  eyes  and  keep  the  patient  abed  for  forty-eight  hours.  The  stitches 
should  be  removed  in  five  or  six  days. 


Fig.  384.— Tying  of  suture*,  pro- 
ducing knuckle  in  mui  cle. 


Fig.  383.— Introduction  of  sutures. 


Tendon  Folding. — A simple  folding  operation  not  requiring  special 
instruments  is  one  described  by  Savage.  A triangular  flap  >A  conjunctiva 
is  dissected  up  and  held  aside  so  as  to  expose  the  tendon.  A puncture  is  made 
in  the  capsule  at  the  lower  border  of  the  tendon,  a srrabismus-hook  is  in- 
serted beneath  the  tendon,  and  a second  puncture  is  in  ada,  that  permits  the 
end  of  the  hook  to  appear  at  the  upper  border  the  tendon.  A double- 
armed suture  is  introduced  thus:  The  tendon  oeing  raised  by  the  hook, 
and  the  muscle  by  forceps,  each  needle  is  passed  through  capsule  and  muscle 
from  the  outer  to  the  scleral  surface  as  far  back  as  it  is  desired  to  include 
the  tendon  or  muscle  in  the  fold.  One  needle  is  passed  in  the  upper  half, 
the  other  in  the  lower  half,  of  the  i^ndon,  so  as  to  include  fully  one-fourth 
of  the  width  of  the  muscle  between  the  punctures.  Each  needle  is  then 
passed  through  the  insertion  of  the  -tendon- (Pig.  383)  and  brought  out 
through  the  conjunctiva  crom  behind  forward,  opposite' the  point  at  which 
it  enters  the  muscle  directly  over  the  insertion  (Fig.  383).  The  suture 
is  then  tightened  ana  tied,  bringing  the  included  portions  of  the  tendon 
and  muscle  into  a loip  (Fig.  384).  The  loop  is  covered  by  the  conjunctival 
flap  and  the  stitch  allowed  to  remain  four  to  six  days.  The  knuckle  of 
muscle  thus  formed  is  left  to  undergo  absorption. 


CHAPTER  XXI. 

ELEMENTARY  OPTICS. 


In  order  to  understand  the  nature  and  the  treatment  of  errors  of 
refraction,  it  will  be  necessary  to  consider  several  subjects  and  phenomena 
of  an  introductory  character.  These  topics  will  be  taken  up  in  the  fol- 
lowing order: — 

I.  Elementary  optics. 

II.  Normal  ocular  refraction. 

III.  Errors  of  refraction. 

Theories  of  Light. — The  nature  of  light  is  a subject  of  speculation. 
The  generally  accepted  explanation  was  proposed  by  Huyghens  (1629- 
1695),  a Dutch  scientist,  and  is  known  as  the  undulatory  theory,  which 
regards  light  as  a mode  of  motion.  The  emission,  or  corpuscular,  theory, 
supported  by  Sir  Isaac  Newton  (1642-1727),  assumes  that  Ru  injus  bodies 
emit,  in  all  directions,  very  subtle  particles,  which  reach  the  eye  and  give 
rise  to  the  sensation  known  as  light. 

The  former  theory,  supported  by  Thomas  Young  (1774-1829),  regards 
a luminous  body  as  a substance  which  is  in  a constant  state  of  vibration. 
Since  the  atmosphere  is  the  medium  through  which  sounding  bodies  become 
known  to  us;  and  since  a light-giving  substance  does  not  become  invisible 
in  a vacuum,  it  is  necessary,  for  the  development  of  this  theory,  to  assume 
the  existence  of  a highly  elastic  medium  pervading  all  space,  and  to  which 
all  luminous  substances  communicate  their  vibrations.  This  medium  has 
been  named  ether,  or  luminiferous  ether . 

The  undulatory  theory  met  mi  apparently  insurmountable  obstacle  in 
this,  that  it  could  not  explain  +he  phenomena  of  polarized  light;  and  for  a 
period  of  one  hundred  and  fifty  years  the  wave  theory  was  abandoned.  It 
was  restored  in  1815,  when  Fresnel  (1788-1827)  introduced  the  assumption 
that  the  vibratory  motion  in  light-waves  is  transverse  to  the  direction  of 
wave  motion- -a  hypothesis  which  serves  to  explain  all  problems.  Fresnel’s 
interference  experiment  proved  that  white  light  consists  of  numerous  waves 
whose  length  decreases  from  the  red  to  the  violet  end  of  the  spectrum. 

Foe  ^ tactical  purposes  we  may  define  light  as  that  form  of  radiant 
eneegy  which  is  appreciated  by  the  organs  of  sight.  The  disturbances  of  ether 
are  propagated  in  every  plane  and  in  every  direction  as  waves,  and  the  direc- 
imi  of  vibration  is  transverse  to  that  of  propagation  of  the  rays.  Light 
waves  travel  through  vacuum  at  the  rate  of  186,380  miles  per  second. 
They  do  not  travel  with  the  same  velocity  through  all  substances;  the 
speed  is  less  in  water  than  in  air,  and  is  still  less  in  glass. 

When  a ray  of  light  passes  from  a rarer  to  a denser  medium  it  will 
meet  increased  resistance,  which  retards  its  progress.  If  the  transmitting 
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tody  is  less  dense  than  the  surrounding  media,  the  vibrations  will  meet 
with  less  resistance;  hence  they  will  move  with  greater  velocity.  The 
denser  the  body,  the  greater  the  length  of  time  required  to  penetrate.  The 
relative  length  of  time  it  takes  light  to  travel  a certain  distance  in  a 
given  substance  is  called  the  index  of  refraction  of  that  substance. 

The  intensity  of  light  diminishes  as  the  square  of  the  distance 

increases. 

OPTICAL  TERMS. 

Certain  terms  which  are  used  in  dealing  with  the  phenomena  of  light, 
and  the  action  of  lenses  upon  light,  must  now  be  defined. 

Optics  is  the  science  which  treats  of  light.  Optics  is  divisible  into 
catoptrics,  which  deals  with  incident  and  reflected  rays,  and  dioptrics,  which 
deals  with  the  passage  of  light  through  different  media.  A luminous  body 
is  one  which  emits  light.  Such  an  object  is  said  to  be  self-luminous;  if 
an  object  emits  light  which  it  has  received  from  another  source,  it  is 
said  to  be  illuminated. 

A transparent  body  is  one  which  transmits  vibrations  so  readily  that 
objects  can  be  seen  through  it.  A translucent  body  is  one  which  permits 
the  transmission  of  vibrations,  but  the  source  from  which  they  proceed 
cannot  be  clearly  distinguished.  Opaque  bodies  do  not  transmit  the  vibra- 
tions, but  reflect  them.  No  substance  is  absolutely  transparent;  this  can 
be  proved  by  superimposing  several  layers  of  glass,  with  the  result  tha . 
the  transparency  becomes  less.  No  substance  is  absolutely  opaque,  since 
extremely  thin  sections  of  opaque  bodies  transmit  more  or  less  'ight. 

Ray  is  the  term  given  to  the  smallest  rectilinear  path  aliug  vh.ch 
light  travels  in  any  direction  from  a luminous  body. 

Beam,  or  pencil,  means  a collection  of  rays  proceeding  fron.  a luminous 

object. 

A dioptric  medium  is  a transparent  substance. 

Rays  are  called  incident  when  they  strike  the  surface  of  an  object; 
emergent,  having  passed  through  a transparent  mbtfance ; reflected,  having 
rebounded  from  a surface ; refracted,  having  :hauged  their  course  in  pass- 
ing through  a dioptric  medium ; divergent  when  radiating  from  a luminous 
body;  convergent,  when  brought  to  a focus  by  a concave  mirror,  or  by  a 
convex  lens ; parallel,  when  coming  from  a luminous  body  placed  at  an  in- 
finite distance.  For  our  purpose  f n y is  considered  to  be  divergent  if  its 
source  is  distant  less,  than  six  metres ; it  is  assumed  to  be  parallel  if  its 
source  is  distant  six  metre?  or  farther.  A focus  is  the  point  at  which 
rays  of  light  converge.  A real,  or  positive,  focus  is  the  point  of  con- 
vergence of  ravs  after  the y have  passed  through  a convex  lens,  or  after  they 
have  been  coliected  by  reflection  from  a concave  mirror.  A negative,  or 
virtual,  focus  is  the  point  from  which  rays  seem  to  diverge  after  having 
passed  through  ft  concave  lens;  after  having  been  reflected  from  a convex 
mirror;  after  they  have  been  refracted  by  a convex  lens  when  the  light 
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or  the  object  is  within  the  principal  focus  of  the  lens;  or,  after  the  rays 
have  been  reflected  from  a concave  mirror,  with  the  light  or  the  object 
within  the  principal  focus  of  the  mirror. 

Light  may  undergo  absorption , reflection,  or  refraction.  When  light 
strikes  the  surface  of  a transparent  medium,  a part  of  the  light  is  reflected 
and  a part  passes  through  the  medium.  If  light  is  incident  on  a surface 
covered  with  lampblack,  the  rays  are  neither  reflected  nor  transmitted : 
they  are  taken  up,  or  absorbed , and  cease  to  exist  as  light.  This  would 
be  an  example  of  general  absorption  of  light.  Some  substances  absorb 
light  corresponding  to  a certain  part  of  the  spectrum,  the  remaining 
portion  being  transmitted  unchanged — selective  absorption.  If  a ray  of 
light  strikes  a body  which  turns  it  back  in  its  course,  the  ray  undergoes 
reflection ; if  it  passes  into  a medium  of  different  density,  its  course  will  be 
altered  and  it  undergoes  refraction. 

An  image  is  a luminous  picture  of  an  object  formed  by  rays  proceed- 
ing from  its  different  points.  The  image  of  an  object  placed  nearer  the 
lens  than  the  principal  focus  is  virtual,  magnified,  and  erect.  Whin  the 
object  is  situated  at  a greater  distance  from  the  lens  than  prircipal 
focus,  the  image  is  a real,  inverted  one. 

THE  CHIEF  FUNCTION  OF  OPTICAL  APPAk  VI  US. 

The  prime  function  of  all  optical  apparatus  is  to  turn  the  course  of 
rays  of  light  from  the  original  to  a definite  direction.  Ophthalmic  optics 
deals  chiefly  with  apparatus  which  acts  in  such  a way  that  rays  emanating 
from  each  single  point  of  an  illuminated  object  shall  be  directed  toward 
another  corresponding  point;  or  shall  assume  a direction  as  if  they  had 
come  from  such  a corresponding  point.  Wiis  corresponding  point  is  called 
the  image  of  the  point  in  the  object  (Burnett).  Such  optical  apparatus 
causes  rays  of  light  to  traverse  tht  same  path  going  and  coming;  hence, 
the  object  may  assume  the  position  of  the  image,  and  the  image  may  take 
the  position  of  the  object. 

So  long  as  the  essential  properties  (curvature  of  surfaces,  index  of 
refraction  of  the  me  liun  , positions  of  object  and  image)  of  the  apparatus 
remain  fixed,  any  change  in  the  position  of  one  focus  is  accompanied  by 
a corresponding  uha  lge  in  the  position  of  the  other  focus.  Because  of  this 
relationship,  these  have  been  named  conjugate  foci. 

Since  r^ys  from  luminous  bodies  are  naturally  divergent,  parallelism 
of  the  iays  can  be  secured  only  by  the  action  of  lenses.  However,  for  prac- 
tical purposes  (in  the  study  of  ocular  refraction),  it  is  assumed  that  rays 
coming  from  a distance  of  six  metres,  or  farther,  are  parallel.  Those 
conung  from,  or  beyond,  this  distance  are  called  infinite  rays , while  those 
roming  from  a less  distance  are  named  finite  rays.  The  conjugate  focus 
for  infinity  (parallel  rays)  is  known  as  the  principal  focus , to  distinguish 
it  from  conjugate  foci  for  divergent  and  convergent  rays. 
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CATOPTRICS,  OR  REFLECTION. 

Catoptrics  is  that  branch  of  optics  which  deals  with  the  changes  which 
occur  when  rays  of  light  are  reflected.  Experiments  with  shadows  and 
projections  of  images  show  that  light  coming  from  a luminous  body  or  from 
an  illuminated  object  travels  through  the  homogeneous  medium  m straight 
lines  in.  every  unopposed  direction.  Thus,  in  Fig.  385,  let  L be  a luminous 
body,  and  A-B  an  opaque  body  which  is  placed  in  front  of  the  screen  E-F. 


Fig.  385. — Umbra  and  penumbra. 


The  opaque  body  interrupts  the  rays  of  light  and  casts  a shadow,  or  umbra 
(C-D),  of  itself  upon  the  screen.  In  the  area  C-D  all  rays  are  excludec . 
The  areas  E-C  and  D-F  are  cut  off  from  some  rays  and  are  illuminated 
by  others,  forming  a penumbra.  The  shadow  bears  a definite  relation  to 
the  luminous  body  and  to  the  size  and  the  position  of  the  obstacle.  It 
is  evident  that  the  ray  R-A-G  and  the  ray  S-B-D  travel  in  straight  lines 
If  a screen  be  placed  at  D (Fig.  386),  and  A be  a perforation,  the 
luminous  object  B-G  will  cast  an  inverted  image  upon  D,  the  straight 
lines,  or  rays  of  light,  crossing  at  A.  If  an  obstacle  with  a highly  polished 


Fig.  386. — Inverted  image  r i a c^dleflame. 


surface  is  properlv  placed,  it  will  reflect  certain  rays.  Such  polished  ob- 
stacles which  are  used  to  reflect  light,  are  known  as  mirrors,  or  specula. 
It  is  now  necessary  to  study  the  effect  of  mirrors  of  various  curvature- 

plane,  convex,  and  concave — open  light.  . , ,, 

Reflection  by  Plane  Mirrors.— If  a ray  of  light  A-B  (in  Fig.  387)  falls 
upon  the  plane  mirror  X Y,  the  greater  part  of  the  light  will  be  reflected, 
forming  the  ray  BC.  The  ray  A-B,  known  as  the  incident  ray,  forms 
with  the  perpendicular  (D-O)  the  angle  A-B-D,  which  is  the  angle  of 
incidence.  The  -a'  B-C,  known  as  the  reflected  ray,  forms  with  D-B- 
the  angle  of  refection.  The  angle  A-B-D  is  equal  to  the  angle  D-B-C. 
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Hence  the  angle  of  reflection  is  equal  to  angle  of  incidence,  and  the  two 
angles  lie  in  the  same  plane. 

Images  in  Plane  Mirrors. — In  Fig.  388,  let  P-P  be  a plane  mirror  and 
A-B  an  arrow  placed  in  front  of  it.  Let  the  observer’s  eye  be  at  E.  The 
.image  of  the  arrow  will  be  seen  at  C-I),  of  the  same  size  as  the  real  arrow 
and  as  far  behind  the  mirror  as  the  real  arrow  is  in  front  of  it.  The 
image  is  called  a virtual  image , since  it  is  formed  by  the  observer  mentally 


Fig.  387. — Reflection  of  light.  Fig.  388. — Reflection  by  a plane  mirror. 

projecting  outward  a continuation  of  the  lines  received  into  tin  eye ; thus 
an  apparent,  but  unreal,  focus  is  formed.  Thus,  in  plane  mirmrs  images 
are  of  the • same  form  and  size  as  the  objects , and  these  images  appear  to 
be  siJtuabed  as  far*  behind  the  mirror  as  the  object  is  in  front  of  it . The 
image  is  not  inverted,  but  it  is  reversed,  right  appearing  to  be  left,  and 
vice  versa  (lateral  inversion). 

Spherical  Mirrors  are  reflecting  surfaces  which  form  a part  of  the 
surface  of  a hollow  sphere.  If  the  inner  sui  pace  is  used,  we  have  a concave 


^ig.  389. — Spherical  mirrors. 

mirror;  if  the  outer,  a convex  one.  In  both,  the  midpoint  {A,  in  Fig.  389) 
is  the  vertex  of  the  mirror.  The  centre  of  the  sphere  of  which  the  mirror 
is  a part  is  carded  the  centre  of  curvature  ( C).  A line  joining  the  vertex 
and  the  centre  of  curvature  is  the  principal  axis  (C-A).  The  distance 
between  the  centre  of  curvature  and  the  reflecting  surface  is  the  radius  of 
curvature  (C-Bj.  Any  line  passing  through  the  centre  of  curvature  to 
the  mirror,  but  not  through  the  vertex,  is  called  a secondary  axis.  The 
engle  formed  by  drawing  lines  from  the  centre  of  curvature  to  the  periphery 
A the  mirror  is  the  apedurc  (C-D-B). 

Reflection  from  Concave  Mirrors. — I.  Rays  of  light  parallel  to  the 
principal  axis,  falling  on  a concave  mirror,  are  reflected  to  meet  in  the 
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principal  focal  point  (P),  which  is  distant  from  the  mirror  one-half  of 
the  radius  of  curvature,  hays  proceeding  from  the  principal  focal  point, 
p are  reflected  and  are  parallel  to  the  principal  axis.  Thus,  in  Fig.  390, 
L-C-0  is  the  principal  axis;  P is  the  principal  focus;  rays  such  as  D-Q, 
E-X,  F-Y,  and  G-Z  will  meet  at  P.  By  drawing  the  normals  C-Q,  C-X, 
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Fig.  390. — Reflection  from  a concave  mirror. 


etc.,  it- follows  that,  since  the  angle  of  incidence  D-Q-C  is  equal  to  the 
angle  of  reflection  P-Q-C,  C-P  and  P-Q  are  equal.  P-Q  is  equal  to  P-O, 
and  thus  C-P  and  P-0  are  equal  to  one  another.  Hence  the  reflected  rajs 
meet  in  a point  which  bisects  the  radius  of  curvature. 

Images  Formed  by  Concave  Mirrors. — I.  If  the  object  is  situated 
at  a greater  distance  than  the  centre  of  curvature,  the  image  will  be  real, 


Fig.  391. — Image  termed  by  a concave  mirror. 


inverted,  and  smaller  than  the  object.  Thus,  in  Fig.  391  let  V-W  be  a 
mirror,  b-a  art  object,  F the  principal  focus  of  the  mirror,  and  C its  centre 
of  curvature.  The  image  of  b-a  will  appear  at  A-B. 

II.  If  the  object  is  placed  between  the  centre  of  curvature  and  the 
principal  focus  the  image  will  be  inverted  and  larger  than  the  object. 
Thus,  in  Fig.  391  the  object  A-B  will  have  its  image  placed  at  b-a. 
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III.  If  the  object  is  situated  at  the  centre  of  curvature  the  image  will 
be  inverted,  of  the  same  size  as  the  object,  and  situated  also  at  the  centre. 

IV.  If  the  object  is  placed  nearer  to  the  mirror  than  the  principal 
focus,  the  image  will  be  virtual,  erect,  and  larger  than  the  object. 

Thus,  in  Fig.  392,  the  arrow  A-B,  situated  within  the  principal  focus 
(F)  of  the  mirror  V-W,  will  appear  to  be  placed  at  a~b. 

Reflection  from  Convex  Mirrors. — Parallel  rays  falling  on  a convex 


Fig.  392. — Erect  image  formed  by  a concave  mirror. 


mirror  are  reflected  divergently,  as  if  they  came  from  a point;  behind  the 
mirror.  Divergent  rays,  under  similar  circumstances,  will  he  reflected 
more  divergent,  and,  if  prolonged  backward,  will  meet  a l a point  within 
the  principal  focus  of  the  mirror.  Only  distant  objects  can  form  virtual 
images  at  the  principal  focus;  the  virtual  images  of  near  objects  are 
formed  within  the  principal  focus.  Thus,  in  303  the  candle  A-B  will 
throw  rays  A-X,  B-Y , upon  the  mirror  M,  a id  tl  e image  P-Q  will  appear 


to  come  from  F.  If  other  rays,  A-C , B-C , be  prolonged  to  pass  to  C,  they 
will  intersect  the  former  rays  at  P-Q,  which  will  be  the  image  of  A-B. 

Summary  of  the  Effect  of  Mirrors. — A concave  mirror  gives  an  enlarged 
image  of  an  object,  as  long  as  the  object  is  nearer  to  the  mirror  than  the 
centie  of  curvature.  If  the  object  is  outside  the  principal  focus,  the  image 
, ill  be  inverted;  if  within  the  principal  focus,  it  will  be  erect. 

A convex  mirror  will  form  a virtual  image  which  is  erect,  but  is 
smaller  than  the  object. 
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Size  of  the  Image. — The  size  of  the  image  can  be  calculated  from 
various  data:  Thus,  the  size  of  the  image  may  he  determined  from  the 
size  of  the  object,  if  the  distance  of  each  from  the  centre  of  curvature  be 
known.  The  following  formula  would  then  be  used — 


i.c., 


Length  of  image distance  of  image  from  centre^ 

Length  of  object-  distance  of  object  from  centre 


Length  of  image  = length  of  object  X 


distance  of  image 
distance  of  object 


In  a similar  way  the  size  of  the  object  may  he  calculated,  provided  the  size 
of  the  image  be  known,  and  their  respective  distances  from  the  centre  of 


Fig.  394. — Passage  of  an  oblique  ray  from  a rare  to  a dense  m dium. 

S-8,  Plane  surface  separating  the  media,  the  rare  medium  being  aLO\e.  A, 
Luminous  point.  P-P,  Perpendicular,  fir,  Angle  of  incidence.  E-D,  of  the 

angle  of  incidence.  G-H,  Sine  of  the  angle  of  refraction,  i,  Angle  ot  refraction. 


DIOPTRICS,  OR  REFRACT!ON 

Dioptrics  is  that  branch  of  optics  T.J^ich  treats  of  the  laws  and  prin- 
ciples of  refracted  light. 

When  a ray  of  light  traversing  a substance  of  one  density  passes 
obliquely  into  another  of  different  density,  it  undergoes  two  changes: 
(1)  a change  in  its  velocity,  and  (2)  a change  in  its  direction.  It  is 
the  latter  effect  which  is  of  chiei  interest  to  us.  If  the  ray  strikes  the 
new  medium  perpendicularly  (aj  P-P,  in  Fig.  394),  it  is  not  turned  from 
its  course.  If,  however,  it  strikes  obliquely  ( A-Z , in  Fig.  394),  it  will  be 
bent  toward  or  from  the  perpendicular — or  normal  according  to>  the 
density  of  the  new  medium.  If  the  ray  passes  into  a medium  of  greater 
density,  it  will  he  "efr acted  toward  the  normal;  if  it  passes  into  a medium 
of  less  density  it  * All  he  turned  from  the  normal . The  laws  governing 
refraction  ar, : (1)  the  incident  ray  and  the  refracted  ray  lie  in  the  same 
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plane,  and  (2)  the  angle  of  incidence  and  the  angle  of  refraction  bear 
a definite  relation  to  one  another,  i.e.,  their  sines  are  in  a constant  ratio 
from  the  same  two  media.  This  ratio  is  called  the  index  of  refraction. 
Thus,  in  Fig.  394  the  ray  A-Z  passes  into  water^  and  the  sine  of  the  angle 
of  incidence  (E-D)  will  bear  a constant  ratio  to  the  sine  of  the  angle 
of  refraction  ( G-H ) for  these  two  media. 


INDICES  OF  REFRACTION. 

The  absolute  index  of  refraction  is  the  ratio  of  the  sine  of  the  angle 
of  incidence  to  the  sine  of  the  angle  of  refraction  when  the  ray  passes 
from  a vacuum.  The  relative  index  is  the  index  for  light  which  passes 


Fig.  395. — Refraction  by  a plane  surface. 


from  one  medium  into  another.  The  foil  )win  * Lable  gives  the  indices 
of  refraction  of  a few  substances : — 


Vacuum  i 

Air 1.000294 

Water  1.333  to  1.336 

Crown-glass  (used  for  speeds. L lenses) 1.525  to  1.534 

Quartz 1.547  to  1.548 

Flint  glass 1.573  to  1.580 

Aqueous  humor 1.337 

Vitreous  humor 1.339 

Crystalline  lens 1.337  to  1.4 


Refraction  by  \ Plate  with  Parallel  Faces. — A ray  of  light  striking 
obliquely  on  a iransparent  body  and  passing  through  it,  and  emerging  from 
it,  evidently  will  be  refracted  twice:  (1)  when  it  enters  the  object,  and 
(2)  when  it  emerges.  Thus,  in  Fig.  395,  the  ray  .4-7?,  striking  the  piece 
of  glass  F-G,  is  bent  toward  the  normal,  N-N,  and:  becomes  B-C.  Emerg- 
ing, it  Is  bent  from  the  normal  and  becomes  (7-7).  Thus  the  entering  and 
fbe  emergent  rays  are  parallel,  but  the  ray  is  displaced;  if  D be  a luminous 
object,  and  A be  the  observer’s  eye,  the  luminous  object  will  appear  to  lie 
placed  at  L. 
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REFRACTION  LY  PRISMS  AND  LENSES. 

Kefraction  by  a Prism. — A prism  is  a transparent  body  bounded  by 
plane  surfaces  which  intersect  one  another.  It  possesses  sides,  a base,  an 
apex,  and  a refracting  angle  where  the  sides  join.  Light  striking  such 
a dioptric  medium  will  be  refracted  toward  its  base.  Thus,  in  Fig.  396  the 
ray  A-B  strikes  the  face  P-R,  making  an  angle  of  incidence  with  the  normal 


Fig.  396. — Refraction  by  a prism. 


X-Y.  On  entering  the  prism  the  ray  is  refracted  toward  the  normal  and 
passes  from  B to  C.  On  emerging,  the  ray  is  refracted  away  from  the 
normal,  K-J,  and  takes  a course  to  G.  Thus  the  ray  is  refracted  toward 
the  base  of  the  prism.  The  angle  G-M-A  is  the  angle  of  deviation.  If 
the  eye  be  placed  at  G,  it  will  see  the  object  A as  if  it  were  place-11  au-  /-. 
Thus  an  object  seen  through  a prism  appears  to  be  displaced  toward  the 
apex  of  the  prism. 

Fig.  397  Fig.  398 


Fig.  397. — Centrad  and  radian.  Fig  398. — Prism-dioptre  and  metreplane. 

Numbering  of  Prisms.-— Formerly  prisms  were  numbered  by  their  re- 
fracting angles.  In  recent  years  two  improved  methods  have  come  into 
general  use:  (1)  the  centrad  method  of  Dennett,  and  (2)  the  prism- 
dioptre  method  of  Prentice.  In  the  former  the  unit,  or  centr'ad  (v)>  is  a 
prism  which  deviates  a ray  of  light  Vioo  Par^  the  ra^ian.  (The  radian 
is  the  measure  of  an  angle  subtended  by  an  arc  equal  in  length  to  the 
radius.  It  is  eoual  to  57.3°.  Fig.  397  shows  the  centrad  and  the  radian.) 
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In  the  latter  method  the  unit  is  that  prism  (called  a prism-dioptre) 
which,  placed  1 metre  from  a tangent,  will  cause  a ray  of  light  to  deflect 
1 centimetre  on  the  tangent  (Fig.  398). 


TABLE  SHOWING  THE  VALUES  AND  RELATIONS  OF  CENTRADS. 

The  following  table  (from  Randall)  shows  the  equivalence  of  centrads 
in  prism-dioptres  and  in  degrees  of  the  refracting  angle — index  of  re- 
fraction 1.54 : — 


Centrads 

Tangent 

(P.D.) 

Ref.  angle 
(Index  1.54) 

Centrads 

Tangent 

(P.D.) 

Ref.  angle 
(Index  1.54) 

1 

1.0000 

1°.06 

12 

12.057 

12°.34 

2 

2.0001 

2°. 12 

14 

14.092 

14°.23 

3 

3.0013 

3°. 18 

16 

16.138 

16°.08 

4 

4.0028 

4°.23 

18 

18.196 

17°.85 

5 

5.0045 

5°.28 

20 

20.270 

19°.45 

6 

6.0063 

6°.32 

30 

30.934 

26°. 81 

7 

7.0115 

7°.35 

40 

42.28 

32°. 18 

8 

8.0172 

8°.38 

50 

54.514 

35°.94 

9 

9.0244 

9°.39 

60 

68.43 

38°.31 

10 

10.033 

10°. 39 

THE  BUILDING  OF  LENSES  FROM  PRISMS. 

Knowing  the  action  which  a prism  has  upon  light,  can  readily 
premise  the  refractive  effect  of  spheric  and  cylindric  lenses,  all  of  which 
are  simply  aggregations  of  prisms.  Thus,  in  Fig  39*,  if  six  truncated 
prisms  be  placed  with  their  bases  in  apposition,  T iyr  passing  through  them 
will  be  brought  to  a focus;  we  have  thus  forme  I what  is  practically  a 
biconvex  lens.  Likewise,  in  Fig.  400  the  prisms  are  placed  with  apices 
touching,  causing  the  rays  to  diverge;  practically  this  disposition  of  the 
prisms  forms  a biconcave  lens.  It  matter i not  how  intricate  the  surfaces 
of  lenses  may  be:  they  can  all  be  r^olved  into  the  apposition  of  a greater 
or  less  number  of  prisms.  The  convex  cylindric  lens  is  formed  of  such  a 
series  of  truncated  prisms,  with  ucocs  touching,  slid  along  a common  plane 
at  right  angles  to  a centre  hue.  Similarly,  the  concave  cylinder  is  made 
of  prisms  whose  apices  ere  in  apposition. 

Facts  Common  ,o  A u Lenses. — A line  which  joins  the  centre  of  cur- 
vature of  each  surface  jf  a lens  is  known  as  the  principal  axis  (A-Au  in 
Fig.  402) . A ray  of  light  passing  in  the  principal  axis  will  not  be  refracted. 
Such  a ray  ’o  known  as  the  primary  ray.  The  optical  centre , or  nodal 
point , of  a lens  (M,  in  Fig.  402)  is  a point  in  the  lens  at  which  secondary 
rays  will  ci^s.  It  is  not  always  the  geometric  centre.  After  parallel  rays 
of  liglh  nave  passed  through  a lens  they  are  brought  to  a focus — principal 
focus  yF2,  in  Fig.  402).  The  distance  from  the  principal  focus  to  the 
]ei±:  is  the  focal  distance.  Rays  which  are  divergent — coming  from  a 
njint  less  than  twenty  feet  away — will  still  be  divergent  when  striking 
the  lens,  and  will  be  brought  to  a point  known  as  the  secondary  focus 
(F2,  in  Fig.  403).  When  a luminous  body  situated  beyond  the  principal 
focus  sends  rays  to  a convex  lens  the  emergent  rays  will  converge  to  another 
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point;  the  two  points  are  cafled  conjugate  foci  {l’ , and  I' 2>  in  Fig.  403). 
A collection  of  foci  corresponding  to  a luminous  object  is  known  as  an 
image.  An  image  may  be  erect  or  inverted,  real  or  virtual.  A real  image 
(p-r,  in  Fig.  404)  is  formed  by  the  intersection  of  refracted  and  non- 
refracted  rays  after  their  passage  through  a lens;  a virtual  image  {P-R,  in 


Fig.  399. — Formation  of  a biconvex  Fig.  400— Formation  of  a biconcave 
lens  from  prisms.  (Oliver.)  lens  from  prisms.  (Oliver.) 


Fig.  405)  is  one  that  is  formed  by  tracing  rays  backward  to  a point,  on 
the  same  side  as  that  on  which  the  luminous  body  is  situated.  A real 
image  can  be  thrown  upon  a screen.  The  strength  of  a lens  is  measured 
by  its  focal  distance,  and  this  depends  upon  its  radius  of  curvature  the 
greater  the  curvature,  the  shorter  is  the  focal  distance 


2 3 4 5 6 7 B 9 10  II  12 


Fig.  401. — Types  of  ophthalmic  lenses. 

1,  Plano  lens;  2,  Biconvex;  2,  r am -convex;  4,  Biconcave;  5,  Plano-concave;  6, 
Periscopic  convex;  7,  Periscom.'  t'Ui’ave;  8,  Coquille;  9,  Mi-coquille;  10,  Piano- 
prism;  11,  Plano-convex  cylinder;  12,  Plano-concave  cylinder. 

REFRACTION  BY  LENSES. 

A lens  is  a diop  hie  medium  hounded  by  two  surfaces,  of  which  at 
least  one  is  curved.  They  are  generally  spherical  in  contour.  Lenses  are 
divisible  into  spuenc  and  cylindric  forms,  which  may  he  either  convex  or 
concave.  Spheres  and  cylinders  may  he  combined  in  the  same  piece  of 
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glass,  forming  a spherocylinder  which  may  be  convex  or  concave.  Another 
type  of  lens  is  the  torus,  in  which  both  spheric  and  cylindric  curves  are 
ground  on  the  outer  surface,  the  inner  surface  being  deeply  concave.  In 
ophthalmic  practice  the  toric  lens  is  used  to  give  a large  field  with  the 
minimum  weight  and  thickness  of  glass.  Fig.  401  shows  the  various  types 
of  lenses  used  in  ophthalmic  practice,  with  the  exception  of  the  torus. 

The  lenses  described  above  are  segments  of  spheres;  each  lens 
possesses  an  optical  centre  (If,  in  Fig.  402),  which  is  so  placed  that  rays 


Fig.  402. — Principal  focus  of  a convex  lens. 

A-Alt  Axis  of  the  lens;  F2,  Anterior  or  principal  focus;  Fx,  Posterior  focus;  V,  Optical 
centre;  F2-M,  Anterior  focal  distance;  Fi-M,  Posterior  focal  distal 


passing  through  it  emerge  from  the  lens  in  a direction  para’ id  to  that  in 
which  they  entered  it.  In  a doubly  convex  or  concave  lens  the  optical 
centre  is  within  the  lens;  in  plano-convex  or  plano-concave  lenses  it  is  on 
the  convex  or  the  concave  surface;  and  in  a concavo-convex  lens  it  is  out- 
side the  lens.  A straight  line  passing  through  the  optical  centre  is  known 
as  a secondary  axis. 

Refraction  by  a Convex  Lens. — A c«  <ivex  lens  is  a positive  lens,  i.e.f 
it  collects  rays  of  light  which  pass  through  it.  Parallel  rays  are  brought 


Fig.  403. — Conjugate  foci  of  a biconvex  lens. 
Fi-Fo,  Conjugate  foci. 


to  a point  which  is  the  principal  focus  of  the  lens.  ( F2 , in  Fig.  402).  Pays 
emanating  from  the  point  F 2 will  emerge  from  the  lens  as  parallel  lines. 
If  divergent  rays  strike  a biconvex  lens  from  a point  farther  from  the 
lens  than  the  principal  fogus,  they  will  cross  at  a point  beyond  the  principal 
focus,  thus  forming  conjugate  foci  (Fx-F2,  in  Fig.  403). 

Images  Formed  by  a Convex  Lens. — The  kind  of  image  formed  by 
a convex  lens  depends  upon  the  distance  of  the  object  from  the  lens. 

I.  The  object  is  situated  at  a greater  distance  than  the  principal  focus. 
Here  the  image  will  be  real  and  inverted.  Thus,  in  Fig.  404  the  arrow 
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P-P  will  cast  its  image  at  p-r.  The  image  will  be  smaller  than  the  object, 
provided  that  the  object  is  placed  farther  than  twice  the  focal  distance 
from  the  lens. 

II.  The  object  is  placed  nearer  to  the  lens  than  the  focal  distance. 
Here  the  image  will  be  virtual,  upright,  and  larger  than  the  object.  Thus, 
in  Fig.  405  the  arrow  p-r  will  cast  its  image  at  P-R. 


Fig.  404. — Real  image  formed  by  a biconvex  lens. 


Refraction  by  a Concave  Lens. — The  concave  lens  is  a negative  lens, 
i.e.,  it  scatters  rays  of  light.  Rays  passing  through  such  a lens  are  re- 
fracted divergent  regardless  of  the  distance  of  their  source.  It  is  evident 
that  such  a lens  cannot  have  a real  focus.  All  foci  of  a biconcave  lens  are 
virtual , and  are  formed  at  the  principal  focus  or  nearer  the  lens  than  the 
principal  focus.  If  parallel  rays  striking  a biconcave  lens  be  continue*1 


Fig.  405.— Virtual  image  formed  by  a biconvex  lens. 


backward  to  cross  at  a point  situated  between  the  lens  and  the  luminous 
body,  this  point  will  be  the  principal  (virtual)  focus  (Flf  in  Fig.  406). 

If  divergent  rays  strike  su^h  a lens  they  will  become  more  divergent 
and  their  conjugate  foci  wiF  be  situated  between  the  lens  and  the  luminous 
body.  Thus,  in  Fig.  407  the  candle  is  placed  at  F,  outside  the  principal 
focus  of  the  lens,  fcpch  rays  after  refraction  will  diverge,  but  their  pro- 
longations will  n jet  at  CF,  inside  the  principal  focus.  The  point  CF 
is  the  conjugat?  tocus  (virtual)  of  F. 

45 
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Images  Formed  by  a Concave  Lens. — Since  the  focus  of  a concave 
lens  is  virtual,  an  image  formed  .by  such  a lens  will  be  virtual ; it  will  be 
erect  and  smaller  than  the  object.  Thus,  in  Fig.  408  the  image  of  A-B 
will  appear  at  C-D,  within  the  principal  focus  F. 

Refraction  by  Cylindric  Lenses. — A cylindric  lens  is  one  which  has  one 
or  both  surfaces  composed  of  segments  of  a cylinder,  and  is  formed  of 


Fig.  406. — Principal  focus  of  a concave  lens. 

a series  of  prisms  placed  side  by  side.  The  resulting  co:i  rergent  points  of 
every  individual  series  composing  the  row  must  make  a line  of  convergence. 
Cylindric  lenses  may  have  any  of  the  general  forms  oj  spheric  lenses.  If 
the  series  of  prisms  are  arranged  with  their  ba^es  together,  a convex 
cylindric  lens  is  formed ; if  the  prisms  are  pucod  with  apices  together,  a 
concave  cylindric  lens  will  be  made.  The  utmost  refraction  of  a cylindric 
lens  always  occurs  at  right  angles  to  it.?  axis.  It  acts  only  in  one  plane. 


Fig.  407. — Conjugate  foci  of  a concave  lens. 


Rays  parsing  through  such  a lens  in  t lie  direction  of  its  axis  are  not  re- 
fracted, but  pass  through  in  straight  lines.  As  regards  rays  passing  op- 
posite to  its  axis,  the  cylindric  lens  acts  like  a corresponding  spheric  lens. 

The  axis  of  a cylindric  lens  is  opposite  the  meridian  of  greatest  re- 
fraction. To  find  the  axis,  hold  the  lens  so  as  to  see  through  it  a part  of 
some  straight  line;  then  turn  the  lens  in  its  own  plane  until  the  part  of  the 
line  seen  through  it  appears  continuous  with  the  parts  of  the  line  above 
and  below,  the  axis  being  then  parallel  to  this  line. 
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Tome  Lenses. — For  spherocylindric  combinations  the  toric  lenses  are 
desirable,  as  they  increase  the  field  of  vision  and  reduce  spheric  aberration. 
The  toric  lens  has  the  difference  of  refraction  of  the  two  principal  meridians 
ground  on  one  surface  and  the  other  surface  ground  concave,  giving  a 
periscopic  spherocylindric  lens  much  superior  to  the  universal  grindings. 


Fig.  408. — Image  formed  by  a concave  lens. 


Numbering1  of  Lenses. — Formerly  lenses  were  numbered  according  to 
their  radii  of  curvature  expressed  in  the  Paris  inch  (27.07  millimetres). 
Since  there  is  a difference  between  this  and  the  English  and  the  German 
inch,  this  method  of  numeration  has  fallen  into  disuse.  Lenses  are  now 


Fig.  409.— Refraction  by  a Fig.  410.— Refraction  by  a 

convex  cylindric  lens.  concave  cylindric  lens. 


numbered  to  indicate  their  focal  distance  on  the  basis  of  the  metric  system, 
the  unit  being  a lens  having  a focal  distance  of  one  metre  and  called  a 
dioptre f the  numbers  expressing  the  refractive  powers  being  multiples  of 
this  lens. 

A lens  having  a focal  distance  of  one  metre  would  have  the  sign  1 D. 
to  represent  it,  a plus  or  positive  sign  is  prefixed  (+  1 IX)  if  convex,  and  a 


708 


MODERN  OPHTHALMOLOGY. 


negative  or  minus  sign  ( — 1 D.)  if  concave.  Should  the  lens  be  a spheric 
one,  the  sign  S.  is  placed  between  the  characters  and  the  strength  sign. 
If  it  be  a cylinder,  the  sign  C.  is  substituted  for  the  letter  S.  and  the  axis- 
angle  is  expressed  by  the  abbreviation  ax.  with  the  degree  of  angle  added 
(-f-  C.  1 I).;  ax.,  90°).  The  combination  of  a sphere  and  a cylinder  would 
be  written,  if  convex,  in  the  following  manner:  (-j-  S.  1 D.^  + C.  1 D.; 
ax.,  90°).  Under  the  metric  system  the  recorded  strength  of  a lens  is 
inverse  to  its  focal  distance.  A lens  of  two  dioptres*  power  (2  D.)  focuses 
at  one-half  metre;  a 4 D.  lens  at  one-fourth  metre.  A lens  that  focuses 
at  two  metres  is  known  as  0.50  T).  One  at  four  metres*  distance  ==  0.25  I). 


Fig.  411. — Spherotoric  surfaces.  (Copyright  by  C.  F.  1'Hi.vucE.) 

To  find  the  focal  length  of  a lens  in  the  dioptric  system  divide  one 
metre,  or  one  hundred  centimetres,  by  the  number  of  dioptres;  thus,  the 
focal  length  of  a lens  of  4 D.  is  100/4  = 25  centimetres.  The  inch  system  was 
the  old  way  of  numbering  lenses  according  to  t leir  radii  of  curvature  ex- 
pressed in  inches.  The  unit  1 was  a lens  with  a focus  of  about  one  inch. 
The  successive  strengths  were  expressed  by  fractional  parts  of  1 ; as,  a lens 
of  4-inch  focus  was  expressed  as  y4.  and  one  of  40-inch  as  *4 o- 

To  convert  any  strength  of  dmpire  lens  into  an  equivalent  one  of  the 
old  system,  divide  the  dioptric  ] umber  into  40  (there  are  39.37  inches  in  a 


Fig.  41^.  -Spherotoric  lens.  ( Han  sell  and  Sweet.) 

metre)  and  the  inches  of  focal  distance  will  be  obtained.  Or,  having  the 
number  of  inches  of  focal  distance  of  a lens  and  dividing  it  into  40,  we  get 
the  nvmbc^  of  the  lens  in  the  dioptric  system. 

Vhh  the  dioptric  system  the  calculation  necessary  for  any  combina- 
tion of  lens-power  is  very  easy.  As  example,  a + S.  2 D.  added  to 
n S.  4 D.  gives  a lens  of  S.  6 D.  Or,  with  unlike  combinations,  a 
•[-  8.  4 D.  and  a — S.  1 D.  added  together  give  a resultant  of  + S.  3 I). 

Similarly  formed  lenses  produce  results  equal  to  their  added  powers, 
while  dissimilarly  formed  lenses  give  results  equal  to  their  differences. 
The  same  rule  lmlds  good  for  cylinders  in  similar  axes,  while  prisms  in- 
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crease  in  strength  when  placed  base  to  base,  and  decrease  in  strength  when 
placed  edge  to  base.  4 

The  Trial  Case . — A box  containing  the  lenses,  frames,  and  accessories 
used  in  the  examination  of  the  refraction  of  the  eye  is  called  a trial  case . 
The  lenses  include  spheric  types,  both  convex  and  concave,  ranging  by  easy 
gradations  from  0.12  to  20  D. ; cylindric  lenses,  from  0.12  D.  to  8 D. ; 
and  prisms  from  y2°  to  6°  in  pairs,  and  single  prisms  of  higher  strengths 
ranging  from  7°  to  20°.  The  intervals  between  the  lenses  should  be  0.12 
1).  for  the  lower  and  0.25  D.  or  0.50  D.  for  the  higher  strengths.  The  trial 
frames  should  include  one  with  one  cell,  one  with  two  cells,  and  one  with 
three  cells,  each  having  a pupillary  adjustment  and  a hemispheric  axis 
scale.  In  addition  to  the  above  the  trial  case  should  contain  obturators, 
stenopeic  discs,  a Maddox  rod,  a Maddox  double  prism,  a red  glass,  a cobalt- 
blue  glass,  etc.  For  the  sake  of  convenience  extra  space  should  be  pro- 
vided for  the  ophthalmoscope,  the  retinoscope,  and  for  lenses  for  focal 
illumination.  A complete  trial  case  will  have  40  convex  and  40  concave 
spheres  in  pairs,  24  pairs  of  convex  and. concave  cylindric  lenses,  and  a 
suitable  number  of  prisms. 

ABBREVIATIONS  AND  SIGNS  USED  IN  OPHTHALMOLOGY. 


A.  or  Acc Accommodation. 

Am Ametropia. 

As Astigmatism,  astigmatic. 

As.  H Hypermetropic  astigmatism. 

As.  M Myopic  astigmatism. 

Ax Axis  (of  cylindric  lens). 

B Base  (of  prism). 

O.  or  Cyl Cylindric  lens  or  cylinder. 

Centimetre. 

Cr Centrads. 

j) Dioptre. 

E Emmetropiar  or  emmetropic. 

E Field  of  vision. 

B llypermetr  jpit,  hypermetropic,  horizontal. 

IXa.  Axial  hypermetropia. 

XXc Curvature  hypermetropia. 

XXi Index  hypermetropia. 

XU Hypermetropia  latent. 

Xim Hypermetropia  manifest. 

XXt • . . .Hypermetropia  total. 

L.  or  L.  E Left  eye. 

\ [ Myopia  or  myopic. 

Ma Axial  myopia. 

;\[c Curvature  myopia. 

Index  myopia. 

m Metre. 

AT.  A * . . Metre  angle. 

Millimetre. 

n Nasal. 
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O.  D.  (R.  or  R.  E.)  Oculus  dexter  (right  eye). 

0.  S.  (L.  or  L.  E.)  Oculus  sinister  (left  eye). 

O.  U Oculus  uterque  (both  eyes). 

Oph Ophthalmoscope  or  ophthalmoscopic. 

p.  l Perception  Of  light. 

p p Punctum  proximum  (near  point). 

p Punctum  remotum  (far  point). 

pr Presbyopia. 

R.  or  R.  E Right  eye. 

S.  or  Sph Spheric  lens. 

t Temporal. 

X Tension. 

y Vision,  visual  acuteness,  vertical. 

w*  With. 

Plus  or  convex. 

Minus  or  concave. 

— Equal  to. 

^ Combined  with. 

qq  Infinity  (20  feet  or  more  distant). 

' Foot. 

" Inch. 

' " Line. 

° Degree  (prism). 

y Ceil  trad  ( prism ) . 

^ Prism-dioptre. 

The  following  signs  are  useful  in  recording  ti..1  state  of  the  ocular- 
muscle  balance : — 

Orth Orthophoria,  or  proper  balance  in  all 

directions. 

Proper  lateral  balance. 

< or  Ex Exophoria,  less  than  normal  convergence, 

tendency  to  divergence. 

> or  Eso Esophoria,  more  than  normal  tendency  to 

convergence. 

||  Vertical  balance. 

V Rt.  Hyperph Right  hyperphoria,  or  tendency  of  the 

right  eye  to  turn  above  the  left. 

/\  Lt.  Hyperph Left  hyperphoria,  or  tendency  of  the  left 

eye  to  turn  above  the  right. 


CHAPTER  XXII. 


NORMAL  OCULAR  REFRACTION. 

Having  studied  catoptrics  and  dioptrics,  we  are  now  to  examine  the 
phenomena  by  which  images  are  projected  on  the  retina.  No)  mat  ucuJai 
refraction  is  an  expression  which  denotes  (1)  the  refractive  properties 
of  the  optical  apparatus  of  the  eye  in  repose,  (2)  the  relation  between  the 
position  of  the  retina  and  the  posterior  principal  focus,  and  (3)  the 
changes  occurring  in  the  dioptric  apparatus  during  accommodation,  bo 
lono-  as  the  eye  is  at  rest  and  its  dioptric  apparatus  is  unchanged,  we  speak 
of  static  refraction.  In  other  words,  the  eye  is  considered  from  the  view- 
point of  being  adapted  to  one  distance  only,  viz.,  its  far  point  (pundum 
remotum).  As  soon  as  the  accommodation  is  brought  into  use,  and  the 
dioptric  apparatus  undergoes  an  active  change  produced  by  muscular  action, 
we  speak  of  dynamic  refraction,  which  considers  the  eye  as  an  organ  capable 
of  adapting  itself  to  objects  placed  at  varying  distances.  It  is  the  former 
static  refraction-which  is  meant  .in  this  text,  unless  otherwise  stated. 
For  our  purpose  the  entire  subject  can  be  divided  into  (A)  normal  ocular 
refraction  and  (B)  normal  ocular  accommodation. 


A.  NORMAL  OCULAR  REFRACTION. 

The  eve  may  be  considered  as  a camera  of  rounded  shape  having  a 
series  of  lenses  which  focus  rays  of  light  upon  a sentient  membrane  rie 
retina.  The  dioptric  apparatus  includes  fixed  and  movable  parts.  Ihus 
the  cornea  is  stable  in  its  contour,  while  the  crystalline  lens  ,s  changeable 
To  determine  the  passage  of  light  through  a system  composed  ol 
several  refracting  surfaces  is  a laborious  process.  T1  e m age  oinl^c 
the  first  surface  becomes  the  object  for  tbe  second  s,r  c oe.  am  o 
By  making  successive  calculations  for  all  of  the  reacting  surfaces  and 
media,  a final  image  is  obtained-an  image  of  an  object  after  its  passage 
through  the  entire  dioptric  system.  Su  *h  calculations  necessan  y mu> 

be  extremely  complicated.  ' » 

The  mathematical  problems  concerning  tbe  optical  properties  o ' 
eye  have  been  studied  by  many  eminent  scientists.  Gauss  m 1340  » owe 
that,  in  a compound  system  of  lenses  which  are  accurately  cen  re  upon 
the  same  optical  axis,  the  resultant  focus  is  in  direct  relation  to  the  re- 
fractive power  of  each  lens-unit.  (His  formulae  were  comp  e e i\ 

Thus,  tbe  dioptric  system  of  the  eye  can  be  reduced  theoretically  o a 
schematic  or  to  a rcdiu'ed  eye  whose  dimensions,  curvature,  am  can  ma 
points  will  form  a basis  for  the  study  of  refraction.  For  a full  account 
of  such  data  the  .cader  can  consult  the  classic  writings  of  Bonders,  Helm- 
holtz, Tsehornii.g,  and  Landolt. 
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The  Refracting’  Media  of  the  Eye. — The  refracting  media  of  the  eve 
are:  (1)  the  cornea.,  (2)  the  aqueous  humor,  (3)  the  crystalline  lens,  and 
(4)  the  vitreous  humor,  each  of  which  presents  an  anterior  and  a posterior 
refracting  surface.  The  anterior  surface  of  the  cornea  is  regarded  as  a 
segment  of  an  ellipsoid  of  revolution.  The  peripheral  (flatter)  part  may 
be  ignored,  since  practically  only  the  central  (spherical)  part  is  used  in 
vision.  Measurement  of  the  posterior  surface  of  the  cornea  presents  great 
difficulties;  it  is  assumed  to  be  parallel  to  the  anterior  surface.  Since  the 
refractive  index  of  the  cornea  is  only  slightly  higher  than  that  of  the  aqueous 
humor,  the  refraction  at  this  surface  is  ignored  in  the  making  of  calcula- 
tions, and  the  cornea  is  considered  to  be  simply  a spherical  surface  bounded 
by  air  externally  and  by  aqueous  humor  internally.  Likewise,  the  aqueous 
and  vitreous  humors,  possessing  almost  identical  indices  of  refraction,  are 
treated  as  one  body. 

The  anterior  surface  of  the  crystalline  lens  is  part  of  the  surface  of  an 
oblate  spheroid,  while  the  posterior  surface  is  described  as  part  of  the  surface 
of  a paraboloid  of  revolution.  But  these  statements  of  curvature  ire  open 
to  possible  errors.  The  problems  of  the  dioptric  system  of  4ae  *_ve  are 
further  increased  by  the  varying  refraction-indices  of  different  layers  of  the 
crystalline  lens,  increasing  from  the  periphery  toward  the  nucmis. 

In  brief,  we  are  dealing  with  three  spherical  refracting  surfaces  which 
are  practically  centred  along  the  optic  axis:  (1)  the  cornea,  placed  between 
air  and  aqueous  humor;  (2)  the  crystalline  lens,  rating  between  the  aqueous 
and  vitreous  humors,  and  (3)  the  aqueous  and  vinous  humors,  which,  for 
purposes  of  calculation,  are  regarded  as  one  boc  y. 

If,  now,  there  can  be  given  (1)  the  i\  dius  of  curvature  of  each  surface, 
(2)  the  refraction-index  of  each  med'un  , and  (3)  the  distances,  on  the 
optic  axis,  separating  the  refracting  suriaces,  then,  applying  the  theory  of 
Gauss,  all  the  data  are  present  fo ' t Ling  the  problem  of  the  dioptric  value 
of  the  eye. 

To  simplify  the  problem,  it  is  assumed  that  the  system  of  surfaces  and 
media  described  above  ca:,  be  condensed  to  a hypothetical  one  which  possesses 
only  two  surfaces.  In  this,  which  is  the  schematic  or  diagrammatic  eye  of 
Listing,  the  principal  points  are  placed  close  to  one  another  in  the  front 
part  of  the  aqueous  humor,  while  the  nodal  points  likewise  lie  in  close 
proximity  at  the  back  part  of  the  crystalline  lens.  Finally,  in  order  to 
simplify  the  pr  jblem,  the  slight  separation  of  the  principal  points  and  the 
nodal  points  is  assumed  to  disappear  by  fusion ; and  in  this  way  we  come  to 
the  rtduced  eye,  which  is  the  simplest  expression  of  the  ocular  dioptric 
apparatus. 

Cardinal  Points  of  the  Eye. — To  understand  the  course  of  rays  of  light 
t lrough  the  dioptric  media  of  the  eye,  it  is  necessary  to  know  the  cardinal 
points  (or  optical  constants  of  Gauss)  of  this  organ.  They  are : two  prin- 
cipal points,  two  nodal  points,  and  two  principal  foci,  all  of  which  are 
situated  on  the  optical  axis  (Fig.  413). 
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The  Principal  Points. — -The  anterior  principal  point  ( li)  is  placed 
1.7  millimetres  behind  the  summit  of  the  cornea.  The  posterior  principal 
point  (V)  is  situated  2.1  millimetres  behind  the  summit  of  the  cornea. 
These  points  are  conjugate  foci,  and  therefore  rays  passing  through  one 
point  will  pass  through  the  other  also. 

The  Nodal  Points.— The  anterior  nodal  point  (h)  is  placed  G.9 
millimetres  behind  the  summit  of  the  cornea.  The  posterior  nodal  point 
(V)  is  7.3  millimetres  from  the  summit  of  the  cornea.  The  nodal  points 
correspond  practically  to  the  optical  centre  of  the  dioptric  system.  An  in- 
cident ray  passing  through  the  first  nodal  point  (k)  will  correspond 


Fig.  413. — Schematic  eye  of  Listing.  (Foltjn.) 

F,  Anterior  focal  point;  F Posterior  focal  point;  h,  A 'tenor  principal  point; 
h',  Posterior  principal  point;  k,  Anterior  nodal  point;  Posterior  nodal  point;  L, 
Crystalline  lens;  o,  Centre  of  the  figure;  Pk,  First  ine  of  direction;  Pk  Second 
line  of  direction,  paralleling  and  determining  the  p"fe.vion  of  the  point  P ana  ns 
image  P';  n,  Optic  nerve. 


to  an  emergent  ray  which  will  pass  through  the  second  nodal  point  (V), 
and  both  rays  will  be  parallel  to  mi  another.  Thus  fc  and  h'  represent 
the  optical  centres  for  the  surf.  ce.  to  which  F and  F belong. 

The  Principal  Foci.-  —The  first  principal  focus,  or  anterior  focal 
point  ( F , in  Fig.  413),  is  that  point  from  which  all  diverging  rays,  pass- 
ing through  the  refractive  media,  come  from  the  media  in  a direction 
parallel  to  the  optic  axis.  It  is  situated  about  14  millimetres  in  front  of 
the  cornea. 

The  second  principal  focus , or  posterior  focal -point  (F'),  is  that  point 
on  the  ontie  axis  at  which  parallel  rays  meet  after  passing  through  the 
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dioptric  media  of  the  eye.  It  is  situate^  between  the  macula  lutea  and 
the  optic  disc,  about  23  millimetres  behind  the  cornea. 

The  optical  axis  ( F-F’ ) is  a line  passing  through  the  centre  of  the 
cornea,  the  nodal  points,  and  the  posterior  principal  focus. 

The  visual  tine  (P-P')  is  a line  passing  from  the  object  viewed,  through 
the  nodal  points,  to  the  fovea  centralis. 

The  centre  of  rotation  ( o)  of  the  eyeball  is  situated  in  the  vitreous 
humor,  about  10  millimetres  in  front  of  the  retina. 

The  line  of  fixation  is  the  line  connecting  the  object  viewed  with 
the  centre  of  rotation.  Practically  it  is  the  same  as  the  visual  line. 

The  position  of  the  cardinal  points  of  the  eye  can  be  determined 
mathematically,  provided  we  know  the  indices  of  refraction,  the  radii  of 
curvature,  and  the  thickness  of  the  different  media.  From  the  data  given 
by  Donders,  Helmholtz,  Listing,  and  others,  the  following  measurements 
for  the  schematic  eye  have  been  obtained : — 


Distances.  Millimetres. 

From  summit  of  cornea  to  first  principal  point 1.7532 

From  summit  of  cornea  to  second  principal  point 2 110 

From  summit  of  cornea  to  first  nodal  point G.9685 

From  summit  of  cornea  to  second  nodal  point 7.3254 

Distance  between  principal  planes  equal  the  distance  between  tne 

nodal  points  0.3569 

First  nodal  point  in  front  of  posterior  pole  of  lens 0.2315 

Second  nodal  point  behind  posterior  pole  of  lens 0.1254 

Anterior  focal  distance  (measured  from  firs*  prir\cT.,*il  plane)  . . . 15.4983 
Posterior  focal  distance  (measured  fro*i  second  principal 

plane)  20.7136 

Anterior  focus  in  front  of  summit  of  cornea 13.7451 

Posterior  focus  behind  summit  of  com™ 22.8237 

Posterior  nodal  point  to  posterior  foe us 15.4983 


Refracting  Power  of  the  ^vHVes  of  the  Eye. — According  to  Tschern- 
ing,  the  refracting  power  these  structures  has  been  computed  as 
follows : — 

Anterior  surface  of  the  cornea + 47.24  D. 

Posterior  surface  o*  the  cornea — 4.73  D. 

Anterior  surface  of  the  crystalline  lens -f  6.13  D. 

Posterior  dirface  of  the  crystalline  lens 9.53  D. 

Total  +58.17  D. 

CVicil  Defects  of  the  Normal  Eye. — Far  from  being  a scientifically 
exact  organ,  the  eye  presents  optical  defects  of  such  moment  that,  as 
Htlmholtz  has  said,  if  they  occurred  in  a piece  of  physical  apparatus  the 
maker  thereof  would  be  censured.  These  defects  include:  monochromatic 
or  spheric  aberration,  chromatic  aberration,  defective  centring  of  the  re- 
fracting surfaces,  astigmatism,  and  a relative  lack  of  transparency — all  of 
which  have  been  mentioned  in  the  chapter  on  “Physiology  of  Vision.” 
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Course  of  a Ray  in  Normal  Refraction. — A ray  of  light  striking  the 
convex  outer  surface'  of  the  cornea  will  be  refracted  inwardly,  i.e.,  toward 
the  optic  axis.  Beaching  the  concave  posterior  corneal  surface  it  would, 
if  now  passed  into  air,  diverge;  hut  instead  of  meeting  such  a medium  it 
meets  the  aqueous  humor,  whose  refractive  index  is  practically  the  same 
as  that  of  the  cornea.  Hence  the  ray  continues  in  an  uninterrupted 
course  until  it  comes  to  the  anterior  surface  of  the  crystalline  lens.  This 
lens  has  the  property  of  changing  its  thickness,  and  consequently  its  re- 
fractive  power,  under  varying  circumstances.  It  is  unequally  curved  on 
its  two  surfaces,  and  is  not  homogeneous  in  its  structure.  The  refractive 
index  of  the  entire  lens  body  is  1.437.  Its  thickness  varies:  m distant 
vision  it  is  less  than  in  near  vision  (accommodation).  The  measurements 


in  distant  vision  are  as  follows : — 
Radius  of  the  anterior  surface. 
Radius  of  the  posterior  surface. 

Thickness  

Focal  distance 


10.20  millimetres. 
6.17  millimetres. 
3.60  millimetres. 
43.71  millimetres. 


Fig.  414.— Crystalline  lens  at  rest,  and  in  accommodation. 


In  active  accommodation  the  lens  measurements  are . 


Radius  of  the  anterior  surface . . 
Radius  of  the  posterior  surface 

Thickness  

Focal  distance  


6.00  millimetres. 
5.50  n illi  netres. 
4.0n  millimetres. 
33 ,7'j  nillimetres. 


The  effect  of  the  lens  is  to  converge  rays  of  light.  The  ray  now 
passes  into  the  vitreous  humor,  which  has  the  shape  of  a long,  concave 
meniscus.  Placed  in  close  apposition  to  +^e  cr  'stalline  lens,  the  vitreous 
body  acts  as  a converger.  The  effect  oe  thi  combined  system  of  ocular 
lenses  is  to  bring  rays  of  light  to  a focus  on  the  retina. 

Construction  of  the  Retinal  Imago, — Knowing  the  position  of  the 
cardinal  points  of  the  eye,  and  the  r 'fraction  values  of  its  dioptric  media, 
the  construction  of  the  retinal  image  is  easily  understood.  Thus,  in  Fig. 
415  A-B  is  an  object  placed  nwpendicularly  in  front  of  the  eye.  Divergent 
rays  pass  in  all  directions  from  the  object.  Rays  from  A.  will  come  to  a 
point  at  a;  rays  from  B likewise  come  to  a point  at  6.  All  rays  are  re- 
fracted except  those  passing  through  the  nodal  point.  Thus,  an  mverte 
image  of  A-B  is  formed  on  the  retina  at  b-a. 

The  inversion  of  the  image  is  caused  by  the  intercrossing  of  rays  of  light 
which  ha’.e  passed  through  a small  aperture  (Fig.  386)  or  have  been  re- 
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fracted  by  a convex  lens  (Fig.  404).  In  the  eye  both  conditions  are  pres- 
ent: the  pupil  is  the  small  aperture  and  the  dioptric  media  are  equivalent 
to  a strong  convex  lens. 

The  Visual  Angle. — The  angle  under  which  vision  occurs  lias  been 
mentioned  elsewhere  in  this  work  (pages  65  and  120),  but  further  study  of 
it  may  be  not  inappropriate  in  this  place.  Visual  acuity  is  measured  by  the 


smallest  interval  which  may  exist  between  two  points  while  tlmy^  can  still 
he  distinguished  as  separate.  This  cannot  he  smaller  than  the  measure  of 
one  sentient  element  of  the  retina,  i.e.,  0.002  millimetre.  Vt  the  second 
nodal  point  this  length  subtends  an  angle  of  less  than  V,  minute. 

Theoretically  this  should  he  the  minimum  visual  angle;  hut  prac- 
tically, owing  to  the  numerous  optical  defects  of  the  eye,  the  visual  angle 
corresponds  to  a linear  distance  of  0.004  millimetre  on  the  retina.  On 


Fig.  416. — The  visual  angle. 

this  basis  Snellen,  in  1862,  constructed  his  series  of  test  types,  in  which 
each  letter  subtends  an  angle  of  5 minutes  and  each  stroke  of  the  letter 
subtends  an  angle  of  1 minute.  The  apparent  size  of  an  object  depends 
upoi  the  visual  angle,  and,  the  smaller  the  visual  angle  under  which  dis- 
tinct vision  is  possible,  the  more  acute  is  the  vision.  Thus,  visual  acuity 
is  inversely  as  the  size  of  the  visual  angle. 

The  size  of  the  visual  angle  varies  in  different  eyes.  In  the  emme- 
tropic, or  theoretically  normal,  eye  it  is  of  standard  size.'  In  the  hyper- 
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metropic  eye  it  would  be  smaller,  and  in  the  myopic  eye  it  would  be  larger 
(Fig.  417),  provided  these  eyes  could  receive  sharp  images — but  this  is  an 
impossibility.  In  place  of  sharp  images,  they  receive  only  diffusion  circles. 

Evidently  the  size  of  the  visual  angle  will  be  influenced  by  several 
factors.  If  the  object  be  brought  nearer,  the  angle  will  be  larger;  or,  if 
the  object  is  increased  in  size,  the  angle  will  be  increased.  While  the  size 


Fig.  417— Visual  angle  in  normal  and  in  ametropic  eyes. 

II,  Hypermetropic  eye;  E,  Emmetropic  eye;  M,  Myopic  eye. 

of  the  retinal  image  depends  npon  the  position  of  the  second  nodal  point 
(the  nearer  it  is  to  the  retina  the  larger  will  be  the  image),  the  size  of  the 
visual  angle  depends  upon  the  position  of  the  first  nodal  point.  The  fai- 
ther  it  is  from  the  retina,  the  greater  is  the  visual  angle.  In  the  correc- 
tion of  ametropia  by  glasses,  the  distance  between  the  nodal  points  will 
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Fig.  418. — Diagram  showing  the  corneal  axis,  U-E;  the  optic  axis, 

O-A;  the  visual  line,  R-Y;  the  line  oi  fixation,  R-J ; and  the  three  angles. 

TS,  temporal  side;  NA,  nasal  sid ‘. 

vary:  consequently,  the  s:‘zt  of  the  visual  angle  will  not  bear  a constant 

relation  to  the  size  of  the  retinal  image. 

The  Angles  Alpha  nu  4 Gamma. — Since  the  line  of  vision  and  the  line 
of  fixation  do  not  coincide  with  the  optical  axis  of  the  eye,  certain  angles 
are  formed:  the  angle  alpha,  the  angle  gamma,  and  the  angle  beta. 

Thus,  in  Mg.  418  the  angle  between  U-E  and  the  visual  line,  R-Y , is 
the  angle  ctL>hu,  averaging  5 degrees.  The  angle  between  the  optic  axis, 
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O-A , and  the  line  of  fixation,  R-J,  is  the  angle  gamma.  The  angle  be- 
tween the  optic  axis,  O-A,  and  the  line  of  vision,  R-Y,  is  the  angle  beta. 

The  Angle  Alpha. — Often  the  cornea  is  the  segment,  not  of  a per- 
fect sphere,  but  of  an  ellipse  whose  apex  is  located  temporally  to  the  optic 
axis.  In  such  an  eye  the  angle  alpha  (Fig.  418)  will  be  well  marked.  The 
size  of  this  angle  varies  with  the  refractive  condition  present.  It  measures 
about  5 degrees,  and  is  wider  in  the  hypermetropic  and  longer  and  nar- 
rower in  the  myopic  eye  (Fig.  419).  Practically  the  angle  alpha  is  of 
little  importance. 

The  Angle  Gamma. — This  is  the  angle  formed  between  the  line  of 
fixation  and  the  optical  axis.  Its  average  value  is  5 degrees  in  the  em- 
metropic eye,  but  it  may  be  as  much  as  10  degrees  in  the  hypermetropic 
eye.  In  the  myopic  eye^  with  its  increased  antero-posterior  diameter  and 
its  nodal  point  farther  removed  from  the  retina,  this  angle  is  less,  or  it 
may  be  entirely  negative.  The  angle  gamma  is  of  practical  importance. 
“As  the  visual  line  normally  lies  to  the  inner  side  of  the  optic  axes,  an 


ABC 


Fig.  419. — Relative  sizes  of  angle  alpha.  (After  i-O^EBS.) 
A,  Emmetropic  eye;  B,  Myopic  eye;  C,  Hype rim  troj  ic  eye. 


angle  gamma  of  5 degrees  will,  when,  the  visual  lines  are  parallel,  imply 
a divergence  of  the  optic  axes  to  an  extend  o*  10  degrees,  and  a large 
angle  gamma  may  thus  give  rise  to  a decretive  appearance  of  a divergent 
strabismus.  Similarly,  a negative  angle  gimma,  when  the  visual  line  lies 
to  outer  side  of  the  optic  axis,  will  cause  a convergence  of  the  optic  axes 
which  may  be  mistaken  for  a convergent  strabismus”  (Lawson).  The 
differential  diagnosis  can  be  made  by  the  screen  test. 

B.  NORMAL  ocular  accommodation. 

The  term  accounmoCation  means  the  power  of  the  eye  to  form,  upon 
the  retina,  distinct  images  of  both  remote  and  near  objects.  This  pre- 
supposes the  existence  of  a convex  lens, — the  crystalline  lens, — which  may 
become  more  or  less  convex  according  as  a near  or  a far  object  is  viewed. 
Remova1  oc  the  crystalline  lens  abolishes  the  power  of  accommodation. 

Shcc^ues  Concerned  in  Accommodation. — These  are  the  crystalline 
lens,  the  ciliary  muscle,  and  the  suspensory  ligament  which  connects  the 
lem  and  muscle. 

Theories  of  Accommodation. — Physiologists  are  not  entirely  in  accord 
c.s  to  the  mechanism  of  accommodation.  The  chief  theories  which  have 
been  advanced  to  explain  the  phenomenon  are  those  bearing  the  names  of 
Helmholtz  and  Tscherning. 
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Helmholtz’s  view  is  that  the  emmetropic  eye  at  rest  is  focused  for 
parallel  rays  by  reason  of  the  crystalline  lens  being  kept  in  a flattened 
state  due  to  traction  exerted  by  the  zonula.  As  soon  as  the  need  tor 
accommodation— and  increased  refraction— arises,  a reflex  contraction  ot 
the  ciliary  muscle  takes  place,  drawing  the  cliorioid  slightly  forward  and 
relaxing  the  suspensory  ligament  of  the  lens,  which,  by  virtue  of  its  in- 
herent elasticity,  becomes  more  convex  and  assumes  almost  a spheric  iorm. 
The  change  in  the  curvature  of  the  lens  is  limited  practically  to  its 

anterior  surface.  , 

Tscherning’s  theory  attributes  accommodation  to  the  formation  o a 
temporary  anterior  lenticonus.  According  to  this  scientist,  the  increased 
convexity  of  the  lens  in  accommodation  is  greatest  at  its  centre  and  dimin- 
ishes peripherally,  so  that  the  most  peripheral  zone  of  the  lens  is  un- 


A 


B 


Fig.  420. — Purkinje-Sanson  images.  (Follin.) 

A Eye  at  rest  with  dilated  pupil.  B,  In  accommodation,  c,  Imap 
cornea,  a,  Image  from  the  anterior  surface  of  the  crystalline  lens, 
the  posterior  surface  of  the  crystalline  lens. 


tram  the 
k,  Tmi  ge  from 


changed.  The  lens  thus  assumes  not  a spheric  but  a hyperbolic  curve. 
Tscherning  claims  that  this  effect  is  produced  by  a cighccmng  of  the  sus- 
pensory' ligament,  the  increase  in  the  curvature  of  the  central  portion  of 
the  lens-surface  being  effected  by  direct  traction.  The  whole  question  of 
the  mechanism  of  accommodation  must  ho  considered  at  presen  as  su 
judice.  There  is  no  doubt,  however,  that  the  anterior  surface  of  the  ens 

becomes  more  convex  in  accommodation. 

Proofs  of  Lenticular  Change  in  Accommodation.— A number  of  experi- 
ments  may  be  cited  to  show  that  the  anterior  surface  of  the  lens  increases 
its  curvature  in  accommodation,  but  one  must  suffice.  It  is  known  as  the 
catoptric  test  If  a person  placed  in  a dark  room,  directing  his  gaze  to  a 
distant  object,  has  .•>  candle  held  in  front  of  his  eyes  at.  an  angle  of  30 
degrees,  the  obseiver,  looking  from  the  other  side  of  the  eye  will  see  three 
reflected  imag^  of  the  light.  In  this,  known  as  Purkmje  s experiment, 
the  images  as  follows  (A,  in  Fig.  4S0) : the  smaller,  upright  image 
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comes  from  the  cornea;  the  larger,  upright  image  arises  from  the  anterior 
surface  of  the  lens,  and  the  small,  inverted  image  is  reflected  from  the 
posterior  surface  of  the  lens.  If  the  patient  now  looks  at  a near  point,  the 
following  changes  will  be  noted  (B,  in  Fig.  420)  : the  first  image  is  un- 
changed, the  second  one  becomes  smaller  and  approaches  the  first  image, 
and  the  third  one,  while  not  changing  its  position,  becomes  slightly  smaller. 
Thus,  the  only  marked  change  is  that  occurring  in  the  case  of  the  second 
image,  which  is  derived  from  the  anterior  surface  of  the  lens. 

Associated  Phenomena. — During  the  normal  accommodation  of  the  eve 
certain  associated  phenomena  are  observed : — 

1.  In  distant  vision  the  pupil  dilates;  in  accommodation  it  contracts, 
the  contraction  occurring  slightly  later  than  accommodation.  This 
phenomenon  is  explained  by  the  facts  that  (1)  both  the  ciliary  muscle  and 
the  sphincter  pupillae  are  supplied  by  the  motor  oculi  nerve,  and  (2)  con- 
traction of  the  pupil  cuts  off  the  peripheral  rays  of  light  and  makes  vision 
more  distinct.  The  integrity  of  the  sphincter,  however,  is  not  essential  to 
accommodation,  since  after  an  iridectomy  the  patient  will  be  abn  to  see 
small  print  with  the  operated  eye;  nor  does  complete  absence  of  the  iris 
(aniridia)  interfere  materially  with  the  accommodation. 

2.  During  binocular  accommodation  the  eyes  turn  inward,  producing 
convergence  of  the  optic  axes.  Evidently  this  inward  movement  of  the 
eyeballs  is  necessary,  since  perfect  binocular  vision  r ^qi  ires  that  the  visual 
lines  be  directed  properly.  In  the  normal  eye  thc-t  is  a constant,  definite 
relationship  between  the  amount  of  accommodation  and  the  extent  of 
convergence. 

Convergence  and  Accommodation. — When  the  eyes  are  directed  at  an 
object  situated  6 metres  or  farther,  the  optic  axes  are  practically  parallel, 
and  without  effort  we  obtain  perfer  i binocular  vision,  i.e.,  both  eyes  regard 
the  same  object,  but  see  it  as  one  image.  On  looking  at  a nearer  object 
the  rays  coming  from  it  become  livergent,  and,  to  maintain  binocular 
vision,  the  optic  axes  converge.  As  the  object  is  brought  still  nearer,  and 
more  of  the  accommod?  cion  is  brought  into  use,  there  is  a corresponding 
inward  rotation  of  Hie  evos.  In  emmetropia  there  is  a definite  relationship 
existing  between  accommodation  and  convergence.  Thus  convergence  may 
be  defined  as  “he  direction  which  the  eyes  must  give  to  their  lines  of 
fixation  in  order  that  they  may  he  simultaneously  directed  toward  the  point 
of  fixation  ^T.andolt).  While  convergence  and  accommodation  are  closely 
related  they  are  independent.  Convergence  may  be  abolished,  as  in  re- 
move! of  one  eye,  without  loss  of  accommodation;  and  convergence  may 
be  of  normal  range  in  a case  in  which  accommodation  is  paralyzed.  The 
method  of  measuring  and  recording  convergence  has  been  described  on 
page  123. 

Reserve  Accommodation. — It  might  seem  possible  for  the  emmetropic 
eye  to  work  indefinitely  at  a near  point,  provided  the  work  is  placed  not 
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closer  than  the  punctum  proximum.  Such,  however,  is  not  the  case.  The 
ciliary,  like  any  other  muscle  which  is  called  upon  to  show  its  maximum 
power,  can  maintain  that  effort  only  for  a limited  time.  If  long-continued 
work  is  to  be  done,  it  is  imperative  that  a certain  amount  of  strength  he 
held  in  reserve,  in  order  to  offset  the  duration  of  the  effort.  Landolt  has 
estimated  that  one-third  or  one-fourth  of  the  total  accommodative  power 
must  be  held  in  reserve,  if  continuous  work  is  to  be  done.  Hence  the  term 
reserve  acco mmodation. 

INFLUENCE  OF  AGE  UPON  REFRACTION  AND 
ACCOMMODATION. 

Like  other  organs,  the  eye  undergoes  changes  with  advancing  years. 
These  changes  come  so  quietly  and  certainly  that  they  must  be  regarded  as 
physiologic  phenomena.  If  neglected,  they  may  cause  not  only  discomfort, 
but  actual  pathologic  states.  Hence,  we  are  now  considering  a subject  which 
forms  the  borderland  between  normal  and  abnormal  ocular  refraction.  The 
static  refraction  of  the  eye,  i.e.,  the  position  of  the  punctum  remotum,  does 
not  change  until  about  the  age  of  55  years.  Then  the  emmetropic  eye  ac- 
quires a certain  amount  of  hypermetropia ; the  myopic  eye  shows  a lessening 
in  the  amount  of  its  error  ; and  the  hypermetropic  eye  presents  an  increase 
in  its  hypermetropia.  The  lessening  of  the  refractive  power  of  the  eye  is 
independent  of  the  nature  of  the  ocular  refraction,  and  is  due  solely  to  age. 
From  early  youth  until,  the  end  of  life  there  is  a steady  loss  in  refraction, 
which  is  due  to  two  factors:  (1)  change  in  the  crystalline  lens,  and  (2) 
change  in  the  ciliary  muscle.  With  advancing  years  the  crystalline  lm: 
shows  an  increasing  hardening  of  its  fibres  with  a corresponding  diminution 
of  its  elasticity.  The  ciliary  muscle,  like  other  muscles,  shows  a gradual 
loss  of  power.  At  60  years  of  age  the  refraction  has  diminished  one- 
third  dioptre  (Landolt).  As  the  result  of  age  still  greatu  changes  occur 
in  the  dynamic  refraction.  The  accommodative  power  diminishes  with 
advancing  years:  the  punctum  proximum  gradual1  > regies  until,  about  the 
sixtieth  or  sixty-fifth  year,  it  is  as  far  distant  as  tne  punctum  remotum 
formerly  was.  The  range  of  the  accommodation,  which  equals  14  D.  at  the 
tenth  year,  is  reduced  to  1 D.  at  the  sixtieth  year.  The  clinical  aspects  of 
this  subject  will  be  considered  (in  the  following  chapter)  under  the  name 
“Presbyopia.” 

EMM£T!*<)PIA. 

Emmetropia  is  that  condition  in  which  the  eye,  in  a state  of  rest, 
focuses  parallel  rays  of  light  exactly  on  the  layer  of  rods  and  cones  of  the 
retina  (Fig.  421).  While  this  is  the  mathematical  definition  of  emme- 
tropia, it  is  impossible  to  consider  the  functions  of  the  visual  organ  as 
dominated  by  fixed  matnematical  laws.  Such  an  eye  cannot  be  termed  a 
normal  eye,  for  ;t  u»Ly  easily  be  abnormal  or  morbid  and  nevertheless  be 
emmetropic.  H Lie  emmetropic  eye  be  considered,  as  it  scientifically 
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should  be,  as  a perfect  visual  mechanism,  in  which  parallel  rays  of  light  are 
brought  to  a focus  exactly  on  that  part  of  the  retina  devoted  to  distinct 
vision  when  the  eye  is  in  a state  of  rest,  it  is  doubtful  that  it  has  any 
existence  at  all.  The  emmetropic  eye,  as  it  is  clinically  seen  at  times,  is 
but  a temporary  condition  in  what  is  known  as  diminishing  hypermetropia 


Fig.  421. — Refraction  of  parallel  rays  of  light  in  emmetropia. 

— the  transitional  stage  between  hypermetropia  and  myopia,  a refractive 
halt  in  an  irritated  or  inflamed  eye  that  needs  treatment. 

An  eye  is  normal  in  wdiich  the  structures  are  free  from  disease  asso- 
ciated with  undisturbing  physiologic  action  giving  as  nearly  a normal 


Fig.  422. — Types  of  the  human  eye.  (Heine.) 

A,  L;'e  of  a newborn  infant.  E,  Eye  in  emmetropia.  .If,  Eye  with  12  D.  of  myopia. 

visual  result  for  both  near  and  far  as  possible.  The  size  or  the  shape  is 
< 4 no  consequence.  If  it  be  healthy  and  acting  properly,  it  is  normal. 

An  eye  in  which  the  principal  focus  falls  on  the  retina  may  vary  in 
its  dimensions:  the  shorter  the  radius  of  curvature  of  the  cornea  or  of  the 
lens,  the  closer  the  retina  would  have  to  be  to  the  dioptric  surfaces.  Con- 
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versely,  the  longer  the  radius  of  curvature  of  the  cornea  or  lens,  the  far- 
ther the  retina  must  he  from  the  dioptric  surfaces.  As  extremes  we  may 
have  an  emmetropic  eye  with  a corneal  radius  of  8.04  millimetres  and  an 
axis  of  24.94  millimetres,  or  one  with  a corneal  radius  of  6.95  millimetres 
and  a visual  axis  of  20.95  millimetres.  Arlt  adopts  a corneal  curve  of  7.6 
millimetres  and  an  axis  of  24  millimetres  as  the  average  standard  in 
emmetropia. 

In  the  newborn  babe  the  average  diameter  in  the  visual  axis  is  17.495 
millimetres,  the  average  horizontal  diameter  is  17.2  millimetres,  and  the 
average  vertical  diameter  is  16.38  millimetres. 

Theoretically,  the  emmetropic  eye  is  probably  the  best  adapted  for 
comfort,  and  should  always  be  sought  for,  even  though  it  is  a theoretic 
standpoint  that  cannot  be  gained.  While  it  may  be  a broad  general  rule 
to  restore  the  eye  to  a condition  of  emmetropia  by  suitable  glasses,  the  con- 
dition artificially  obtained  is  not  always  the  best  for  the  well-being  of  the 
organ.  A perfect  vision  obtained  by  neutralizing  lenses  may  be  fraught 
with  increased  physiologic  action  that  is  detrimental  to  the  disturbed  physi- 
cal material. 

The  far  point  (punctum  remotum)  of  the  emmetropic  eye  is  at  in- 
finity (oo).  The  position  of  the  near  point  (punctum  proximum)  varies 
with  age  and  accommodation.  A biconvex  spheric  lens  placed  before  such 
an  eye  will  reduce  the  vision  for  far,  for  the  reason  that  parallel  rays 
will  then  come  to  a point  in  front  of  the  retina.  To  use  the  accommoda- 
tion under  such  conditions  will  make  vision  worse.  Kays  coming  t orn 
the  principal  focus  of  a convex  lens  will  be  brought  to  a focus  on  the 
retina.  A biconcave  spheric  lens  placed  in  front  of  an  emmetropic  eye 
will  make  the  rays  divergent  and  will  blur  far  vision,  except  the  eccommoda- 
tion  be  brought  into  use.  With  the  accommodation  eliminated  by  a cyclo- 
plegic  (atropin),  the  emmetropic  eye  will  have  vision  c±  6/6  or  better 
for  far,  without  the  aid  of  a glass. 


CHAPTER  XXIII. 

ERRORS  OF  REFRACTION. 


Cases  of  errors  of  refraction  form  a large  part  of  the  practice  of 
ophthalmic  surgeons  and  comprise  a field  in  which  much  good  can  be  done. 
A skilled  refractionist  is  enabled  not  only  to  improve  visual  acuity  and 
relieve  distressing  symptoms,  but,  by  correcting  the  optical  defect  and  by 
giving  proper  advice,  he  is  often  able  to  prevent  serious  lesions  in  the 
deeper  ocular  structures. 

Although  much  has  been  written  on  this  subject,  it  is  doubtful  if  the 
medical  profession,  as  a body,  has  as  yet  appreciated  the  importance  of  this 
part  of  ophthalmology.  It  is  a condition  to  be  deplored  that  this  line  of 
work  should  have  fallen,  in  many  instances,  into  the  hands  of  persons  who 
are  not  physicians,  and  who,  therefore,  cannot  appreciate  the  impor'ance  of 
the  subject. 

AMETROPIA. 

Optical  variations  of  the  eye  from  the  normal  standard  may  concern 
either  its  refraction  or  its  accommodation.  The  e?ro/s  of  refraction  are 
not  to  be  confused  with  defects  of  accommodation.  vVrhile  both  of  these 
abnormal  states  often  exist  in  the  eyes  of  the  same  patient,  the  two  sub- 
jects must  be  studied  separately. 

When  the  dioptric  surfaces  of  the  ej  e do  not  perfectly  focus  the  light 
passing  through  them,  or  when  they  dc  correctly  focus  it,  but  not  upon  the 
retina,  the  condition  is  called  am?4>'opia.  According  to  Parsons,  the  re- 
fraction of  the  eye  is  determined  iy  a number  of  conditions: — 

1.  The  Length  of  the  Anteroposterior  Diameter. — Alteration  of  the 
antero-posterior  diameter  of  !he  eye,  by  which  the  rays  either  do  not  cross 
properly  or  come  to  a fo^us  in  front  of  or  back  of  the  retina,  is  known  as 
axial  ametropia . Tx  this  diameter  is  too  short,  the  condition  is  named 
hypermetropia;  if  the  diameter  is  too  long,  the  condition  is  called  myopia . 

2.  The  Cm  vn+ure  of  the  Dioptric  Media. — Error  in  the  curvature  of 
the  cornea,  m*  of  the  crystalline  lens,  is  known  as  meridional  ametropia. 
The  curvature  may  be  alike  in  all  meridians,  but  too  flat  ( curvature  hyper- 
metropic t ; the  curvature  may  be  too  acute  (curvature  myopia);  it  may 
be  regular,  but  vary  in  different  meridians  (regular  astigmatism) ; or  the 
curvature  may  be  irregular  ( irregular  astigmatism). 

3.  The  Refractive  Indices  of  the  Media. — Changes  in  refractive 
strength  dependent  on  peculiarities  in  the  substance  of  the  dioptric  media 
are  known  as  medial  ametropia.  If  the  index  of  refraction  of  the  cornea, 
aqueous  humor,  or  crystalline  lens  be  too  low;  or,  if  the  index  of  the 
vitreous  humor  be  too  high,  there  will  exist  index  hypermetropia.  If  the 
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index  of  refraction  of  the  cornea,  aqueous  humor,  or  the  crystalline  lens 
be  too  high;  or,  that  of  the  vitreous  humor  be  too  low,  index  myopia 
will  exist. 

4.  Lenticular  Displacement.— If  the  crystalline  lens  be  dislocated  for- 
ward, myopia  will  exist ; if  backward,  hypermetropic,.  If  the  lens  is  tilted, 
astigmatism  is  caused. 

5.  Lenticular  Absence—  Absence  of  the  lens,  known  as  aphakia , pro- 
duces hypermetropia.. 

6.  Combination  of  two  or  more  of  the  above  conditions  mag  exist. 
Causes  of  Ametropia. — Among  the  causes  of  ametropia  are  heredity, 

congenital  influences,  peculiarities  in  the  conformation  of  the  orbits, 
traumatism,  and  the  numerous  conditions  of  environment  (demanding  ex- 
cessive use  of  the  eyes,  or  their  use  under  injurious  conditions)  which  are 

incident  to  civilized  life. 

Varieties  of  Ametropia. — From  a clinical  viewpoint  cases  of  ame- 
tropia  are  divisible  into  three  groups:  (1)  cases  in  which  the  principal 


Fig.  423- — Diagram  showing  emmetropia 
H,  Hypermetropia.  E,  Emmetropia. 


and  ametropia. 
M,  Myopia. 


focus  falls  behind  the  retina  (hypermetropia) ; (2)  those  in  winch  the  prin- 
cipal focus  falls  in  front  of  the  retina  (myopia),  and  (31  those  m which 
there  is  more  than  one  principal  focus  (astigmatism). 


HYPERMETROPIA. 

Definition.— Hypermetropia,  or  far-sight,  is  hat  form  of  ametropia  in 
which  the  retina  is  situated  in  front  of  the  focus  of  the  dioptric  system 
of  the  eye;  and  in  such  an  eye,  if  it  is  in  a state  of  rest,  parallel  rays 
form  a circle  of  diffusion  upon  the  rerma.  The  rays,  if  they  were  to  be 
continued,  would  come  to  a focui  behind  the  retina  (Fig.  424).  I he 
hypermetropic  eye  is  sometime,  called  the  “natural  eye,  or  the  s 101 
eye.”  The  word  hyperopia  f Helmholtz),  which  is  often  used,  is  not  a* 
expressive  of  the  condition  as  is  hypermetropia  (Bonders). 

Optical  Condition.-  The  refraction  power  of  the  hypermetropic  eye  is 
so  low,  or  its  axis  is  so  snort,  that,  when  the  eye  is  in  a state  of  rest,  parallel 
rays  are  not  united  upon  the  retina,  but  behind  it,  and  only  convergent 
rays  are  brou  chc  to  a focus  upon  that  membrane  The  punctum  remotum 
of  the  hypermetropic  eye  is  the  point  toward  which  rays  should  converge 
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in  order  to  be  focused  on  the  retina;  but  in  the  hypermetrope  the  punctum 
remotum  is  situated  behind  the  eye,  i.e.,  it  is  on  the  same  side  of  the  optical 
system  as  its  image.  Hence  in  ithis  case  the  punctum  remotum  is  negative 
( — R).  Its  distance  behind  the  eye  is  equal  to  the  focal  length  of  the  convex 
lens  which  corrects  the  hvpermetropia.  Since  its  retina  is  placed  anterior 
to  the  focus  of  the  dioptric  media,  the  hypermetropic  eye,  in  order  to  form 
an  image,  must  have  the  object  carried  beyond  infinity — an  impossibility. 


Fig.  424. — Inability  to  focus  parallel  rays  of  light  on  the  retina  of  the 
hypermetropic  eye. 

Inasmuch  as  all  objects  reflect  either  divergent  or  parallel  rays  (there 
are  no  convergent  rays  in  nature),  such  an  eye  is  unable  in  a state  of  rest 
to  see  distinctly  at  any  distance,  unless  it  can  afld  to  it*  1 ^tractive  power, 
this  is  accomplished  by  using  its  accommodation.  It  °an  then  cause  its 
lens  to  become  more  convex  and  thus  refract  the  rays  more  strongly,  thus 
making  them  convergent  and  thereby  causing  cho  principal  focus  to  be 
thrown  on  the  retina  (Fig.  425). 


Fig.  425. — Accommodation  is  necessary  to  bring  parallel  rays  on  the 
retina  of  the  hypermetropic  eye. 

4 his  addit’onal  convexity  takes  away  a portion  of  the  accommodation 
power  merel)  to  preserve  a proper  distant  vision,  leaving  more  or  less  of  a 
minimum  for  purposes  of  accommodation.  The  result  is  that  the  near 
point  viJl  be  farther  removed  from  the  eye;  there  will  be  a weakening  of 
the  dynamic  or  changeable  power.  Thus,  in  Fig.  426  the  parallel,  dotted 
r lye  have  been  sufficiently  converged  to  be  received  upon  the  retina  by  the 
additional  action  of  the  lens,  as  shown  by  the  dotted  curve.  A certain 
amount  of  lens  action  has  been  lost  in  this  procedure.  The  remaining 
portion  is  useful  only  for  accommodation.  There  being  less  dynamic  play 
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of  lens-strength,  the  near  point  will  be  situated  at  a much  greater  distance 

than  in  either  emmetropia  or  myopia. 

Amount  of  Hypermetropia.— A majority  of  hypermetropes  have  from  2 
D to  5 D.  of  error;  cases  of  6 D.  to  8 D.  are  unusual.  Rare  instances  of 
hypermetropia  of  20  D.  to  24  D.  have  been  cited,  without  the  presence  of 
other  anomalies,  such  as  coloboma  or  microphthalmia. 

Amount  of  Axial  Shortening. — The  following  table  gives  the  amount 
of  shortening  of  the  axial  line  in  varying  amounts  of  hypermetropia,  the 
axial  line  in  emmetropia  equaling  22.824  millimetres . 


Amount  of  H. 
0.50  D.  . . 

1.00  D.  . . 

1.50  D.  • • 

2.00  D.  . . 

2.50  D.  . . 

3.00  D.  . . 

3.50  D.  . . 

4.00  D.  . . 

4.50  D.  . . 

5.00  D.  . . 

6.00  D.  . 

7.00  D.  • 

8.00  D.  . 

9.00  D.  . 
10.00  D.  . 


Shortening. 

0.16  millimetre. 
0.31  millimetre. 
0.47  millimetre. 
0.62  millimetre. 
0.77  millimetre. 
0.92  millimetre. 
1.06  millimetres. 
1.22  millimetres. 
1.40  millimetres. 

1.60  millimetres. 

1.90  millimetres. 

2.20  millimetres. 

2.60  millimetres. 

2.90  millimetres. 

3.20  millimetres. 


Varieties  of  Hypermetropia. — If  the  condition  is  due  to  a shortening 
of  the  eye,  it  is  called  axial  hypermetropia  (Ha.).  If  the  length  die 
eye  is  normal  and  the  lessened  refraction  power  is  due  to  a lack  of  con- 
vexity of  the  refractive  surfaces,  it  is  known  as  curvature  hypermetropm 
(He.).  If  there  is  a reduction  of  the  refraction-index  if  the  aqueous 
humor  and  crystalline  lens;  or,  if  the  refraction-index  of  the  vitreous  humor 
is  increased,  the  state  is  one  of  index  hypermetropia  (IK). 

The  concealing  power  of  the  ciliary  muscle  a id  lens  has  given  rise 
to  the  description  of  three  clinical  varieties  or  i.,pes  of  hypermetropia. 
When  the  defect  is  completely  concealed  b;  the  accommodation  in  both 
far  and  near  vision,  it  is  known  as  latent  iyptrmetropia,  and  has  the  symbol 
HI.  That  portion  which  remains  uncorrecied  and  is  exposed,  giving  rise 
to  painful  and  indistinct  vision  ot  n«a>  objects,  or  misty  outlines  of  dis- 
tant ones,  is  designated  manifest  xypermetropia,  expressed  by  the  abbrevia- 
tion Hm.  In  other  words,  it  is  that  part  of  the  defect  that  can  be  corrected 
by  convex  lenses  without  rhe  use  of  a cycloplegic,  whereas  the  latent  part 
can  be  developed  only  by  completely  paralyzing  the  ciliary  muscle  The 
entire  amount  of  the  error  obtained  by  adding  the  manifest  and  latent 
parts  is  termed  iota’  hypermetropia— expressed  by  the  abbreviation  Ht 

Manifest  hypermetropia  is  further  divided  into  facultative  hyper- 
metropia  (F.f  ),  which  exists  when  objects  can  be  seen  accurately  at  in- 
finity with  and  without  convex  lenses,  and  without  any  convergence  being 
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necessary;  relative  hypermetropia  (Hr.),  in  which  there  is  only  sufficient 
accommodation  to  neutralize  the  defect  by  an  undue  effort  at  convergence, 
and  absolute  hypermetropia  (Ha.)  when,  even  with  the  strongest"  con- 
vergence of  the  visual  lenses,  accommodation  for  near  and  far  vision  is 
impossible,  objects  being  seen  indistinctly  at  any  distance. 

Etiology. — The  hypermetropic  construction  of  the  eyeball  is  congenital 
and  often  is  hereditary.  It  is  generally  an  imperfectly  developed  eye;  the 
expansion  of  the  retina  is  less,  and  there  is  a smaller  optic  nerve  with  a 
smaller  number  of  fibres.  The  normal  eyeball  at  birth  is  smaller  in  all 
the  axes,  as  has  been  previously  shown,  and  there  is  an  hypermetropia  of 
about  3 dioptres,  which  is  diminished  by  about  one-third  or  one-half,  not 
only  by  further  development  of  the  eye,  but  in  many  cases  by  pathologic 
change. 

The  cornea  in  hypermetropia  is  more  decentred  than  in  emmetropia 
01  in  myopia;  and  the  angles  gamma  and  alpha  are  unusually  large.  The 
line  of  fixation  passes  to  the  inside  of  the  visual  axis  through  the  centre 


object  at  the  near  point  upon  the  retina  f ar  hypermetropic  eye. 

of  the  cornea,  thus  making  the  angle  gamma  positive.  Doiulers  has  found 
that  the  macula  in  an  hypermetropia  eye  is  situated  farther  from  the  tem- 
poral border  of  the  optic  papilla  tl  is  the  case  in  either  emmetropia  or 
myopia. 

In  addition  to  the  ordinary  congenital  abnormality  of  having  too 
short  a visual  axis,  or  too  weak  a dioptric  apparatus,  the  shortening  of  the 
antero-posterior  diamete.-  o even  an  emmetropic  or  of  a myopic  globe,  so 
as  to  produce  a marked  hypermetropia  by  pressure,  has  been  attributed  to 
augmentation  of  the  retrobulbar  contents  of  the  orbit  from  vascular 
change,  to  excessive  adipose  tissue,  to  tumors,  etc.  Forward  displacement 
of  the  retina  in  the  macular  region  by  the  presence  of  an  intra-ocular 
tumor,  cr  by  on  exudate,  may  increase  an  already  existing  hypermetropia, 
or  red  ico  o myopia  or  an  emmetropia  to  an  hypermetropia.  Swelling  of 
the  nerve-head  found  in  cases  of  optic  neuritis  will  cause  axial  hyperme- 
tropia, Flattening  of  the  cornea  from  traumatism  and  inflammation,  and 
lie -pressure  on  the  anterior  part  of  the  eyeball,  are  also  causes.  Reduction 
in  the  index  of  refraction  of  the  cornea,  aqueous  humor,  or  crystalline  lens 
will  produce  index  hypermetropia.  Aphakia,  or  absence  of  the  lens,  is 
one  of  the  most  frequent  causes  of  acquired  hypermetropia. 
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Hypermetropia  is  by  far  the  most  frequent  of  the  errors  of  refraction, 
forming  about  80  per  cent,  of  cases  of  defect  in  school-children.  Lawson, 
of  London,  found  this  error  of  refraction  in  44  per  cent,  of  all  children 
over  7 years  of  age.  At  birth  more  than  90  per  cent,  of  eyes  are  hyper- 
metropic. 

Pathology. — In  many  cases  of  hypermetropia  the  orbits  are  more 
shallow  than  in  emmetropia  or  in  myopia;  the  orbital  margins  are  flattened 
and  widely  separated;  the  eyes  are  wide  apart;  the  nasal  bones  are  de- 
pressed, and  the  face  resembles  the  Mongolian  type.  This  relationship 
between  the  skull  and  the  eye  is  emphasized  in  cases  of  facial  asymmetry ; 
here  the  eve  belonging  to  the  less-developed  half  of  the  head  is  often  more 
hypermetropic  than  its  fellow. 

Many  hypermetropes  show  congestion  of  the  lids  and  conjunctive, 
with  the  formation  of  pustules  along  the  margin  of  the  lids — in  the 
majority  of  instances  associated  with  microbic  invasion.  Hordeola  and 
Meibomian-gland  cysts  are  of  frequent  occurrence.  There  is  hypertrophy 
of  the  internal  recti  muscles.  The  sclerotic  is  thickened  and  dense.  The 
circular  fibres  of  the  ciliary  muscle  are  generally  hypertrophied.  In  the 
higher  degrees  of  hypermetropia  the  hypertrophy  is  so  great  that  there  is 
either  a right  angle  or  an  obtuse  angle  formed  at  the  junction  of  the  an- 
terior and  the  external  surfaces.  This  is  less  in  emmetropia.  In  high 
myopia  the  angle  is  often  quite  acute.  The  extra  exertion  put  upon  the 
ciliary  muscle  to  overcome  the  optical  defect  causes  an  increased  flow  or 
blood  to  the  eye.  The  optic  disc  at  times  exhibits  a low-grade  inflamma- 
tion. The  lymph-channels  of  the  main  retinal  vessels  are  often  thickened 
and  opaque,  while  the  veins  may  be  somewhat  engorged.  The  rt+im„  and 
the  chorioid  are  not  infrequently  congested,  especially  in  the  region  of  the 
macula  lutea  and  of  the  optic  disc. 

Symptoms. — The  symptoms  are  (1)  subjective  and  ( 2)  objective. 

1.  Subjective  Symptoms. — Low  and  medium  grades  of  hypermetropia 
are  normal  in  the  eyes  of  all  the  human  race  which  are  11  at  excessively  and 
constantly  used  for  near  work.  It  is  only  when  the  nsion  becomes  indistinct 
or  painful  because  of  diminished  power  of  i ccc  mmodation,  or  in  higher 
grades  of  hypermetropia,  that  the  patient  se:ks  relief. 

In  the  lower  grades  of  hypermetropia,  especially  in  the  middle-aged 
or  in  those  using  their  eyes  for  observation  of  minute  objects  at  close 
distances  many  hours  daily,  the  pa  iei  t complains  of  the  eyes  tiring  easily. 
Such  persons  finally  get  sleeoy.  thtir  lids  become  heavy,  their  eyes  itch  or 
burn,  and  the  print  begins  to  blur  during  continuous  near  work.  They  are 
compelled  to  stop,  and  a seose  of  relief  is  felt  by  pressing  the  eyes  and 
forehead  with  the  hand;  Work  is  resumed,  but  the  symptoms  recur.  This 
is  repeated  until  the  accommodation  becomes  exhausted  (accommodative 
asthenopia)  and  Lhe  patient,  as  the  result  of  continued  eye-strain,  is  forced 
to  discontinue  wm-k.  The  symptoms  are  always  aggravated  by  artificial 
light.  If  York  is  persisted  in,  headache  over  the  eyebrows  and  in  the  tern- 


730 


MODERN  OPH THA LMOL<  >G  V. 


pies  generally  appears.  In  some  cases  the  pain  is  referred  to  the  back  of 
the  eye  or  to  the  back  of  the  neck. 

In  the  higher  degrees  of  hypermetropia  effort  and  strain  on  the  part 
of  the  ciliary  muscle  are  shown  by  pain  in  the  eye  or  temple  and  forehead. 
In  aggravated  cases  the  pain  shoots  through  the  top  of  the  head  to  the 
occipital  region.  Often  the  neuralgia  is  so  intense  that  any  change  of 
tension  in  the  ciliary  muscle  becomes  painful,  and  reflex  disturbances, 
usually  consisting  in  sensations  of  dizziness  and  nausea,  are  developed. 
These  symptoms  are  excited  by  work  requiring  rapid  change  of  focus,  as 
in  bookkeepers,  pianists  who  alternately  glance  at  a sheet  of  music  and  the 
keyboard,  or  in  those  learning  typewriting  before  the  necessary  manual 
movements  have  become  sufficiently  automatic  not  to  require  any  fixity  of 
gaze  upon  the  variously  placed  characters.  Less  severe,  but  similar,  symp- 
toms occur  in  low  grades  of  hypermetropia  in  persons  who  are  convalescent 
from  acute  disease;  or  in  those  who  have  enfeebled  or  broken-down  nervous 
systems;  and  in  women  with  pelvic  disease,  uterine  displacement,  etc.,  espe- 
cially marked  at  the  menopause,  and  during  irregular  menstruation,  appear- 
ing after  prolonged  periods  of  abuse  of  the  eyes,  or  during  me,  tat  , nxiety 
or  undue  fatigue.  The  sym ptoms  are  most  severe  soon  after  iking.  The 
patient  complains  of  pain  in  the  back  and  top  of  the  head,  accompanied  by 
great  discomfort  and  dull  pain  deep  in  the  orbits  imm; di.tely  back  of  the 
eyes.  The  ready  fatigue  of  the  eyes  on  very  slight  lse  and  the  neuralgia, 
discomfort,  and  blur  caused  by  slight  and  modmate  degrees  of  hyper- 
metropia may  also  be  very  early  symptoms  o i 'inferior  spinal  sclerosis. 

In  the  hypermetropic  eye  the  acutenes.  of  vision  is  often  diminished. 
In  the  slight  degrees  of  error  there  is  sek.  >m  any  difference  to  be  observed; 
but  in  the  higher  degrees  of  hypermetr  >pi,  >.  among  the  young,  and  in  nearly 
every  case  in  subjects  who  are  beyond  45  or  50  years,  visual  acuity  for 
both  distant  and  near  work  is  red  mod. 

In  the  very  highest  degree,  of  hypermetropia  the  retinal  images  be- 
come so  small  that  the  paticn;®  oring  objects  close  to  their  eyes  in  order  to 
make  the  images  larger.  the  same  time  they  nip  their  eyelids  so  as  to 
reduce  the  diffusion  circus.  This  symptom  may  be  mistaken  for  myopia, 
but  can  be  distinguished  by  the  want  of  uniformity  in  the  distance  at  which 
the  patient  plac<  s Ms  book.  He  holds  the  book  far  off,  then  again  closer, 
and,  even  if  the  print  is  large  and  distinct,  he  is  often  unable  to  read 
fluently  at  any  distance. 

What  properly  characterizes  the  vision  of  the  hypermetrope  is  not  the 
diminished  acuity  of  vision,  but  the  recession  of  the  near  point,  which  is 
especially  pronounced  during  monocular  vision.  The  emmetropic  person 
vela  Kes  his  power  of  accommodation  as  much  as  possible  and  then  sees 
acutely  at  any  distance;  but  the  hypermetropic  individual  in  order  to  see 
at  a distance  must  bring  his  power  of  accommodation  into  action;  con- 
sequently there  is  less  power  left  to  focus  near  objects,  the  lens  reaches  its 
maximum  tension  earliest,  and  for  that  reason  the  patient  is  forced  to 
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hold  objects  farther  from  the  eye.  This  constant  contraction  of  the  ciliary 
muscle  frequently  produces  a spasm  of  the  accommodation,  especially  in 
neurasthenic  individuals,  giving  rise  to  annoying  blurring  of  distance  vision. 
Both  the  near  and  the  far  point  are  brought  nearer  the  eye,  and  vision  is  im- 
proved by  concave  lenses,  which,  of  course,  should  never  be  ordered,  as  they 
would  only  increase  the  trouble.  The  condition  simulates  myopia,  and 
might  be  mistaken  for  such  by  a careless  observer,  unless  the  eye  is  brought 

thoroughly  under  the  influence  of  a cycloplegic. 

2 Objective  Symptoms.— The  physiognomy  which  is  often  character- 
istic of  hypermetropia,  especially  in  the  higher  degrees,  lias  been  men- 
tioned. Not  infrequently  there  is  thickening  of  the  conjunctiva,  with 
stillicidium  and  epiphora,  and  a predisposition  to  herpetic  disease  of  the 
cornea.  Immediately  around  the  cornea  the  sclera  has  a flat,  slig  y 
curved  appearance.  At  the  equator  the  eyeball  is  sharply  curved  and 
bulging.  The  cornea  does  not  share  in  the  imperfect  development  of  the 
remaining  structures,  which  prevents  the  hypermetropic  eye  from  being 
classed  as  true  microphthalmos.  It  lias  the  appearance  of  being  more 
convex,  due  solely  to  the  shallow  anterior  chamber  and  small  pupil. 

In’  hypermetropia  there  is  an  apparent  divergent  strabismus  when  looking  at  a 
distance,  due  to  the  increased  width  of  angle  alpha- the  angle  formed  by  the  visual 
£ -which  proceeds  from  an  extraneous  object  directly  through  the  nodal  point  to 
Urn ’macula  lutea  of  the  eye,  and  a line  through  the  axis  of  the  «ea  »n  b e jmri- 
zontal  plane.  The  visual  line  in  emmetropia  passes  to  the  nasal  side  of  the 
the  cornea.  The  macula  lutea  in  tl.e  hypermetropic  eye  is  situated  farther  to- 
temporal  side  of  the  optic-nerve  head  than  in  emmetropia.  Consequently  the  vium 
linePcuts  the  cornea  farther  to  the  nasal  side,  increasing  the  angle  alp  m in  high- 
Brade  cases  to  nearly  double  the  width  of  that  which  is  found  in  emmetropia:  so  that 
SZP2*.  a — t.  give  , parallel  direction  to  the  — 
dinary  divergence  of  the  visual  axes  is  necessary,  and,  if  in  di-tance  vision  the 
necessary  divergence  of  tl.e  corneal  axes  is  insufficient,  the  convergence  in  looking  at 
near  objects  will  be  relatively  too  great— a condition  that  facilitates  the  developmen 

of  convergent  strabismus.  „awiaii_ 

In  hypermetropia  the  patient  must  make  an  effc-t  if  accommodation  to  remedy 
the  insufficiency  of  his  static  refraction.  For  every  increment  of  nerve-force  sent  to 
the  accommodation  an  equal  amount  is  sent  to  tae  divergence,  and,  as  an  equal 
amount  of  nerve-force  is  sent  to  the  accommodation  and  convergence  of  the  two  eyes 
there  must  be  an  excess  of  convergence  product,  which  is  still  further  exaggera  e 
when  the  patient  looks  at  a near  object  ibis  effort  on  the  part  of  accommoda  ion 
and  convergence  being  in  constant  use  in  omer  for  the  lo^ermctrope  to  have  dear 
vision,  the  habit  of  convergence  is  fo.mel,  which  causes  an  .ncrease  .n  the  devekip 
me, it  of  the  converging  muscles  vith  a corresponding  weakenin^^^ 
and  the  convergence  becomes  mtnoiogic,  but  does  not  manifest  itself  at  the  same 

tune  nece;  sary  t0  keep  the  eye  directed  upon  the  object  i»  ejMJOy 

divided  between  the  muscles  of  the  two  eyes,  but  in  one  it  maintains  the  equil  bnum 
between  abductor  ana  adductor  muscles,  while  in  the  other,  in  ^’c''  the  s^ht  is 
more  feeble  and  the  image  is  more  easily  suppressed,  it  goes  entirely  to  the  adductor 
forming  an  a,,'e  aoulde  that  which  would  be  necessary  if  the  convergence  w e 
symmetrica’.  Therefore  we  ordinarily  see  but  one  eye  “squinting  Squint  usually 
develop  early  in  life,  in  poorly  nourished  children,  when  they  begin  o x 
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attention  ui>on  objects  shown  them  or  upon  first  entering  school.  It  generally  begins 
by  being  periodic,  or  alternating;  later  it  becomes  permanen  t and  localized  to  one  eye, 
generally  the  weaker,  although  it  may  alternate  for  years.  It  occurs  principally  in 
the  medium  degrees  of  hypermetropia.  The  higher  degrees  do  not  “squint,”  because 
good  vision  is  out  of  the  question  under  any  circumstance. 

Not  all  hypermetropes  have  strabismus,  because  of  the  innate  tendency  to 
binocular  vision  and  the  changeable  relations  between  accommodation  and  conver- 
gence. Furthermore,  it  is  now  generally  believed  that  the  essential  cause  of  squint 
is  a defect  of  the  fusion  faculty.  Convergent  strabismus  from  hypermetropia  tends 
gradually  to  diminish  as  the  patient  grows  older  and  often  passes  off  spontaneously; 
so  that  it  is  rare  after  the  age  of  forty.  Of  course,  there  are  other  causes  of  con- 
vergent strabismus  which  are  discussed  elsewhere  in  this  book. 

Complications  and  Sequelae. — As  lias  been  mentioned  above,  many 
hypermetropes  show  astigmatism,  amblyopia,  spasm  of  the  accommodation, 
asthenopia,  and  strabismus.  The  small  size  of  the  cornea  and  shallow 
condition  of  the  anterior  chamber,  with  the  relatively  larger  size  of  the 
crystalline  lens,  predispose  the  hypermetropic  eye  to  attacks  of  glaucoma. 
The  mental  results  of  an  uncorrected  hypermetropia  are  shown  in  the 
languid,  sleepy  manner  and  in  the  dullness  of  intellect  so  offer  touid  in 
backward  children.  Remarkable  improvement  in  facial  expression  and  in 
educational  progress  often  follows  the  use  of  proper  gins.  s Whether 
hypermetropia  alone  can  cause  epilepsy  or  chorea  is  a o.'esn'on  which  is 
still  sub  jttdice. 

Ophthalmoscopic  Appeakance. — In  examining-  a n hypermetropic 
eye  with  the  ophthalmoscope  by  the  direct  method,  tie  fundus  appears  bril- 
liantly illuminated;  the  ophthalmoscopic  field  is  greatly  enlarged,  and  a 
blight  reflex,  resembling  watered  silk,  is  often  seen.  An  erect  image  of 
the  fundus  is  visible  at  a distance  of  sever.  1 inches,  and  the  retinal  vessels 
appear  to  move  with  the  movement  of  me  mirror.  The  low  degree  of 
magnifying  power  causes  the  optic  disc  to  appear  smaller  than  In  em- 
metropia,  and  if  the  observer  Ik  emmetropic  and  his  accommodation  he 
relaxed,  it  will  require  a convex  ie  is  revolved  before  the  sight-hole  to  render 
the  image  distinct.  This  it  nil  that  will  he  observed  in  low  grades  of 
hypermetropia. 

In  the  moderate  degrees,  in  addition  to  the  appearance  mentioned, 
there  is  increased  redness  of  the  optic  disc,  congestion,  and  tortuosity  of 
the  retinal  veins,  which  is  most  marked  near  the  disc.  The  thickening  of 
the  lymph-channels  of  the  main  retinal  vessels  produces  a bright  yellowish- 
white  reflex,  shifting  with  the  motion  of  the  mirror.  Often  the  redness, 
slight  swelling  of  the  nerve-head,  and  blurring  of  its  edges  will  simulate 
a beginning  papillitis.  This  condition  (hypermetropic  disc  or  pseudo- 
papiiUtis)  remains  unchanged  for  an  indefinite  time  and  is  probably  of 
•on genital  origin  (Nottbeck).  The  epithelium  of  the  chorioid  presents  a 
smooth,  hazy  appearance.  Frequently  there  is  congestion  of  the  chorioid 
and  retina,  especially  in  the  region  of  the  optic  disc  and  the  macula  lutea. 

Tn  the  higher  degrees  of  hypermetropia  the  media  are  clear  and  the 
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disc,  retina,  and  eliorioid  appear  nearly  normal,  because  the  patient  cannot 
overcome  his  defect  by  increasing  the  accommodation  to  secure  distinct 
vision.  Therefore,  with  less  physiologic  action,  less  blood  is  sent  to  the 
eye,  and  the  eye  does  not  present  the  congested  ophthalmoscopic  picture  of 
the  lower  grades,  in  which  the  patient  can  secure  distinct  vision  by  increas- 
ing the  accommodation,  thereby  inviting  an  increase  of  blood  to  the  eye. 

Diagnosis.— The  history  of  headaches  coming  on  during  or  after  the 
use  of  the  eyes;  the  usually  slight  impairment  of  distance  vision,  which  may 
be  improved  by  the  addition  of  convex  lenses;  the  removal  of  the  near 
point  farther  from  the  eye  than  is  proper  for  the  age ; the  fact  that  the 
patient  can  read  fine  print  through  a convex  lens  at  a greater  distance  than 
its  principal  focus;  the  characteristic  mold  of  the  face — the  thickened  and 
irritated  conjunctiva,  the  small  eyeball,  sharply  curved  at  the  equator; 
possibly  a convergent  strabismus;  the  narrow  anterior  chamber;  the  small 
pupil;  the  great  width  of  the  ophthalmoscopic  field  and  small  image  iii 
the  direct  method;  the  fundus-image  test,  and  the  fundus-reflex  test  (de- 
scribed elsewhere),  all  determine  the  presence  of  hypermetropia. 

Measurement  of  the  Amount  of  Hypermetropia. — In  all  persons  below 
middle  age,  provided  the  intra-ocular  tension  is  normal,  a cycloplegic  should 
be  used.  This  permits  the  surgeon  to  measure  the  amount  of  total  hyper- 
metropia. Prior  to  using  a mydriatic  the  manifest  hypermetropia  should 
be  measured.  The  strongest  convex  glass  with  which  the  patient  gets  vision 
of  %,  or  better,  or  with  which  he  gets  the  greatest  acuteness  of  vision  n 
the  measurement  of  the  manifest  hypermetropia.  With  the  eye  uncL- 
cycloplegic,  preferably  atropin,  tbe  total  hypermetropia  may  be  .ne.  s,  .ed 
bv  the  use  of  trial  lenses,  by  retinoscopy,  or  at  times  by  ophthalmoscopy. 
These  tests  have  been  described  in  the  chapter  on  “Examination  of  the 
Eye.”  With  the  accommodation  completely  paralyzed,  the  strongest  convex 
lens  with  which  the  greatest  acuteness  of  vision  is  obtained  will  indicate 
the  amount  of  total  hypermetropia.  The  findings  by  diherent  tests  should 
be  compared;  if  discrepancies  exist,  the  cause  should  be  sought.  Of  the 
tests  mentioned,  retinoscopy  and  the  use  of  trial  tenses  are  universally 
employed.  In  every  case  of  hypermetropia  seirch  should  be  made  also 
for  astigmatism. 

Treatment.— Hypermetropia  cannot  be  cured.  It  admits  only  of 
palliative  treatment— the  wearing  of  convex  lenses.  Since  hypermetropia 
is  the  normal  state  of  most  eyes,  ti  e condition  calls  for  treatment  only 
when  it  produces  discomfort  or  causes  definite  symptoms.  Theoretically 
we  should  make  such  ejes  artificially  emmetropic  by  means  of  convex 
lenses;  but'  practically  this  is  impossible,  since  most  hypermetropes  wdl 
reject  glasses  so  long  % they  can  see  distinctly  without  asthenopia. 

Having  measui^d  the  total  hypermetropia  under  cycloplegia,  the 
questions  are:  Wl'at  shall  we  order?  Shall  we  give  the  full  correction? 
If  not,  what  p.eportion  of  the  error  shall  be  left  uncorrected?  The  full 
correction  placed  before  the  eye  while  under  a cycloplegic  will  give  normal 
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acuity  for  far  vision,  but  the  use  of  the  same  lens  after  the  effect  of  the 
drug  has  passed  will  often  cause  dimness  of  distance  vision  and  may  pro- 
duce asthenopia.  In  this  dilemma  one  of  two  courses  may  be  pursued: 
(1)  The  full  correction  may  be  worn  for  a short  time,  and,  after  the  accom- 
modative power  has  returned,  a post-cycloplegic  test  can  be  made,  the 
strength  of  the  sphere  being  reduced  according  to  the  findings.  (2)  Less 
than  the  full  correction  may  be  ordered.  The  amount  of  reduction  will 
depend  on  several  conditions: — 

1.  If  the  patient  is  young  and  in  good  health,  his  accommodation  will 
care  for  a not  inconsiderable  part  of  the  hypermetropia.  In  such  subjects, 
with  from  2 D.  to  4 D.  of  error,  we  subtract  from  0.50  D.  to  1 D.  If 
astigmatism  is  present,  its  full  correction  is  added  to  the  spheric  lens. 

2.  The  amount  of  manifest  hypermetropia  will  have  an  influence  on 
the  under-correction.  The  less  the  manifest  error  in  proportion  to  the 
total  hypermetropia,  the  more  need  will  there  be  to  under-correct.  For 
example,  in  a case  showing  1 D.  of  manifest  hypermetropia  and  3 D.  of 
latent  error  (total  4 D.),  usually  we  would  order  a.  + 3 I).  lens  for  constant 
use.  For  a patient  with  1 D.  of  manifest  and  1 T).  of  latent  hyp  ame- 
tropia (total  2 D.),  most  surgeons  would  order  a -f  1.50  sphere  for  con- 
stant  use. 

3.  The  patient’s  vocation  will  have  a bearing.  If  ht  leads  a seden- 
tary life  and  does  a large  amount  of  work  at  near  poir  ts,  more  of  the  error 
should  be  corrected  than  if  the  same  individual  were  engaged  in  farming 
or  in  other  out-door  vocation. 

4.  The  patient’s  symptoms  must  be  considered.  The  greater  the  in- 
tensity of  asthenopia,  the  greater  will  be  ibe  need  of  a full,  or  of  nearly  a 
full,  correction. 

5.  The  state  of  the  muscle-balance  must  be  noted.  If  there  is  insuf- 
ficiency of  convergence  ( exopho na)  present,  full  correction  is  contra- 
indicated, whereas  if  there  be  euphoria,  full  correction  will  be  worn  with 
greater  comfort. 

The  eye  must  be  regarded,  iot  as  a separate  organ,  but  as  a highly  specialized 
part  of  the  whole  body,  ihe  - dering  of  glasses  does  not  consist  merely  in  niacin 
lenses  before  the  eye  an'  or-.ering  that  which  gives  the  best  vision.  The  choice  of 
glasses  is  a delicate  operation;  he  alone  is  successful  in  it  who,  to  a perfect  theoretic 
acquaintance  with  too  mbject,  adds  the  intelligent  observation  of  each  patient.  It 
does  not  suffice  to  know  the  action  of  lenses  and  the  workings  of  the  visual  ormin. 
le  must  cons-dei  Lie  state  of  accommodation  and  refraction,  that  of  the  muscles  of 
the  patient’s  eyes,  the  particular  purpose  of  his  wearing  glasses,  his  peculiar  habits 
and  tbe  ’O.  stitutional  state  of  the  patient. 

Pe.so.is  who  are  convalescent  from  acute  disease,  or  those  who  have  feeble 
healtr  and  impaired  nutrition,  as  well  as  those  who  have  hyperesthesia  of  the 
tk-vooS  system,  suffer  acutely  from  low  grades  of  hypermetropia  which  would  pro- 
"icc  no  symptoms  of  discomfort  at  the  same  time  of  life  were  they  in  robust  health. 

In  the  hyperesthetic  state  preceding  central  nerve  degeneration,  and  in  the 
various  disturbances  of  health  accompanying  uterine  or  ovarian  disease,  adolescence, 
or  the  change  of  life,  we  frequently  see  that  the  correction  of  hypermetropia  of  even 
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0.25  D.,  or  equivalent  change  in  glasses  already  worn,  relieves  headache  and  nervous- 
ness, and  enables  the  patient  to  perform  his  daily  task  with  less  discomfort.  Again, 
persons  who,  in  an  enfeebled  state  of  health,  have  found  spectacles  absolutely  neces- 
sary for  comfort,  can  perhaps  lay  them  aside  when  they  have  regained  their  accus- 
tomed  health. 

As  can  be  well  seen,  it  is  impossible  to  make  rules  for  the  treatment  of  refractive 
errors  which  may  be  blindly  followed,  relieving  tlie  oculist  from  the  necessity  of 
reflecting  and  combining  for  himself. 

A correction  should  be  prescribed  in  all  cases  of  marked  local  vascular  disturb- 
ance or  where  there  is  asthenopia.  To  ascertain  this  condition  in  young  people,  it  is 
necessary  to  obtain  the  absolute  amount  of  refractive  error.  This  is  done  by  placing 
the  ciliary  muscles  under  the  full  influence  of  a cycloplegic.  Without  such  drugs  it 
is  impossible,  except  in  the  middle-aged  and  in  the  old,  to  ascertain  the  total  hyper- 
metropia,  either  by  test  glasses,  by  the  ophthalmoscope,  or  by  the  shadow  test. 

If  we  order  the  full  correction  to  be  worn  constantly  while  the  eyes  are  stil 
under  the  effect  of  the  cycloplegic,  and  if  this  correction  produces  indistinct  distance 
vision  after  the  eye  has  regained  its  normal  condition,  the  glass  may  be  weakened 
until  full  acuity  of  vision  is  obtained.  Or  we  may  first  allow  the  eyes  to  regain  their 
full  power  of  accommodation;  the  full  correction  is  then  placed  before  the  eyes,  and, 
if  full  acuity  of  vision  is  obtained,  it  may  be  ordered.  But  usually  the  vision  is 
reduced  considerably.  The  patient  is  then  requested  to  read  as  much  as  possible  on 
the  test-card,  the  strength  of  the  glasses  being  gradually  weakened  until  full  acuity 
is  obtained,  and  the  strongest  glass  that  gives  full  acuity  of  vision  is  ordered.  The 
latter  method  should  be  followed  whenever  possible,  as  the  results  are  more  certain. 

The  principal  objection  to  ordering  from  the  post-cycloplegic  examination  is  the 
delay  to  the  patient  in  securing  his  glasses.  This  is  an  important  consideration  to 
most  patients,  but  if  one  of  the  more  rapidly  acting  cycloplegics  be  used,  such  as 
scopolamin, — which  paralyzes  the  accommodation  for  ninety-six  hours,  this  objectn  'i 
is  overcome,  and,  furthermore,  if  it  should  be  necessary  for  the  patient  to  use  nis 
eyes  occasionally  during  this  time,  he  can  be  supplied  with  a pair  of  + 3 or  -r  ± 
spheres. 

Another  objection  to  this  method  is  that  the  total  H is  uncorrec.ed.  Rut  it 
must  be  remembered  that  it  is  not  always  desirable  or  even  safe  to  cjnreit  the  eye 
into  an  emmetropic  condition,  and  that  the  acquired  hypertrophy  of  the  ciliary 
muscles  and  of  the  internal  recti  cannot  be  lost  at  once.  Consequ  >ucly,  when  the  full 
correction  is  placed  before  the  eyes,  there  is  an  annoying  blurring  of  distance  vision, 
with  headaches  and  general  discomfort.  It  is  true  this  rr  a'  ue  overcome  by  using 
a very  weak  solution  of  atropin  daily  until  unpleasant  symptoms  have  disappeared, 
but  few  patients  will  submit  to  being  deprived  of  their  attr  vision  for  any  consider- 
able length  of  time.  Of  course,  if  there  is  any  inflammatory  condition  within  the 
eye  caused  by  the  H,  atropin  should  be  used  unti.  sm  h condition  has  subsided  before 
any  correction  is  made,  the  tension  being  watched  constantly. 

Ordering  glasses  for  the  manifest  ei  *or  only,  without  any  knowledge  of  the 
total  H,  is  not  to  be  thought  of  except  or  adults  in  whom  the  use  of  a cycloplegic 
to  allow  the  immediate  estimation  of  ti  e total  H is  inconvenient  or  impossible.  It 
is  unscientific  and  harmful  to  the  patient.  The  same  may  be  said  of  arbitrarily 
deducting  a certain  amount  frem  the  total  H. 

As  has  been  said  before,  there  can  be  no  rule  to  follow  blindly  m all  cases. 
But  the  writer  believes  the  ^tthod  that  will  give  greatest  satisfaction  to  the  patient 
is  to  make  a careful  es  imitbn  of  the  total  H,  and,  after  the  accommodation  has 
returned,  place  the  fvU  coirection  before  the  eyes  and  direct  the  patient  to  begin  with 
the  large  letters  an^  r<  ad  slowly  down  the  card  while  the  correction  is  lessened  0.25 
D.  each  time,  forcing  the  patient  to  read  the  lowest  line  possible  at  each  reduction, 
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until  full  acuity  of  vision  is  obtained,  ordering  the  strongest  glass  which  gives  such 
vision.  If  this  glass  is  very  much  weaker  than  the -total  H,  it  should  be  worn  only 
for  distance,  and  the  full  correction  prescribed  for  all  near  work.  In  ordering  full 
correction,  it  should  be  remembered  that,  .while  rays  of  light  coming  from  a point 
five  or  six  metres  distant  may  be  considered  practically  parallel,  strictly  speaking 
they  are  not,  and  a glass  that  gives  fullest  acuity  of  vision  at  that  distance  will  not 
focus  parallel  rays.  Therefore  it  does  not  represent  the  total  H,  but  an  overcorrection 
of  % to  % D.  Consequently  that  glass  which  gives  the  best  vision  at  five  or  six 
metres  should  be  weakened  by  % or  % D. 

If  the  glass  correcting  the  total  hypermetropia  be  placed  before  the  eye  while 
the  accommodation  is  paralyzed,  and  a + 4 D.  sphere  is  placed  in  front  of  that,  the 
patient  should  be  able  to  read  small  type  distinctly  at  twenty-five  centimetres — the 
focal  distance  of  the  lens.  If  the  patient  reads  best  at  a point  beyond  this,  the 
hypermetropia  is  not  fully  corrected,  whereas  if  it  is  read  nearer  than  twenty-five 
centimetres  the  hypermetropia  is  overcorrected. 

Convergent  strabismus  caused  by  hypermetropia,  if  in  a child  too  young  to  wear 
glasses,  may  be  treated  by  instillation  of  a weak  solution  of  atropin  ( % to  1 grain 
to  the  dunce)  in  the  fixing  eye,  thus  forcing  the  use  of  the  squinting  eye.  The  child 
thus  forms  the  habit  of  using  the  atropinized  eye  for  distance  vision  and  the  other 
eye  for  near  vision.  This  is  done  in  the  hope  of  preventing  amblyopia  ex  anopsia. 

As  soon  as  the  age  of  the  child  permits,  he  should  be  given  glasses  correct 
the  full  amount  of  H,  and  advised  to  use  the  eyes  for  near  work  not  .nore  than  a 
few  hours  each  day,  with  frequent  intermission.  The  cycloplegic  gradually 

withdrawn  until  discontinued. 

If  the  visual  acuteness  in  the  convergent  eye  is  very  slight,  the  refraction  - 
error  should  be  carefully  corrected,  and  then  the  deviating  eye  smuld  be  given  special 
training,  while  the  healthy  eye  is  excluded.  The  exercis*  s.'orid  never  be  continued 
until  fatigue  is  produced.  In  this  manner  the  visual  acuteness  can  be  considerably 
augmented. 

If  the  strabismus  persists  after  the  above  trea  nient  has  been  carefully  fol- 
lowed, it  then  becomes  a case  suitable  for  one  jf  the  several  operations  described  in 
Chapter  NX. 

In  deciding  the  question  whether  to  order  glasses  we  should  remember  that  any 
glass,  no  matter  how  well  fitted  to  the  e*  e and  face,  is  a nuisance  by  giving  rise  to 
circles  of  diffusion  which  arise  from  elicited  images  of  brightly  illuminated  objects 
striking  its  posterior  surface,  th”s  making  the  edges  and  rim  of  the  glasses  un- 
pleasantly apparent.  Disagreeable  eenngs  in  the  nose,  temples,  and  ears  are  also 
often  occasioned  by  the  weight  o;  the  glasses  and  the  pressure  of  their  frames.  If 
distance  vision  is  made  much  more  distinct  with  the  glasses,  or  if  headache  and 
eyestrain  are  relieved  by  tl  eir  use,  the  advantages  resulting  from  their  employment 
lead  the  patient  to  habituate  himself  to  them  and  to  neglect  the  inconveniences.  But 
we  should  abstain  rr^m  giving  spectacles  except  in  cases  of  absolute  necessity. 

When  specta-lv.^  are  found  necessary  they  should  be  ordered  and  adjusted  by  a 
physician.  If  opi  icians  would  devote  their  energies  to  grinding  lenses  properly  and 
perfecting  <>pi>al  instruments,  they  would  do  more  toward  furthering  the  service  of 
medium  a.^a  relieving  the  suffering  of  humanity  than  by  attempting  to  do  something 
for  \shkh  they  are  ill  or  not  at  all  prepared.  Too  much  cannot  be  said  against  the 
pernicious  habit  of  opticians  ordering  glasses,  which  are  as  much  a medicine  for  the 
diseased  and  complaining  eye  as  is  digitalis  for  a diseased  heart. 

MYOPIA  (HYPOMETROPIA). 

Definition.  Myopia,  or  near-sight  (hypometropia  or  brachymetropia), 
is  that  form  of  ametropia  in  which  the  retina  is  situated  behind  the  prin- 
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cipal  focus  of  the  eye,  and  parallel  rays,  after  having  come  to  a focus  in  the 
vitreous  body,  become  divergent  and  form  a circle  of  diffusion  on  the 
retina  (Fig.  427). 

Optical  Condition. — The  refraction  power  of  the  myopic  eye  is  so  high, 
or  its  axis  is  so  long,  that,  in  a state  of  rest,  parallel  rays  are  not  united 
upon  the  retina,  but  in  front  of  it.  Only  divergent  rays  can  form  a focus 
on  that  membrane.  The  punctum  remotum  of  the  myopic  eye  is  positive 
and  is  situated  at  a finite  distance,  and  can  be  found  by  uniting  the  con- 


Fig.  427. — Only  divergent  rays  are  brought  to  a focus  on  the  retina. 

vergent  rays  emerging  from  the  eye.  The  retina  and  the  far  point  form 
conjugate  foci. 

The  punctum  proximum  is  always  closer  than  in  the  emmetropic  eye 
of  corresponding  age,  and  its  position  depends  on  that  of  the  far  point. 
The  strongest  concave  glass  with  which  the  patient  sees  at  a distance 
will  give  the  position  of  the  punctum  proximum,  and  the  refraction  cor- 
responding to  the  maximum  amount  of  accommodation.  To  find  the  nange 
or  amplitude  of  accommodation,  it  is  necessary  to  know  the  refraction 


Fig.  428. — Parallel  rays  focusec.  in  4 he  vitreous. 


with  the  eye  at  rest,  i.e.,  the  amount  of  myopia,  and  the  measure  of  error 
is  the  weakest  concave  glass  that  adapts  the  eye  to  infinity.  The  difference 
between  these  two  lenses  marks  Jit  amplitude  of  accommodation  (Landolt). 

Clinically  the  punctum  proximum  in  myopia  is  determined  by  the 
nearest  point  at  which  the  patient  can  read  fine  print,  or  can  distinguish 
the  hairs  of  the  optometer  fsee  page  122). 

The  myopic  eye  ius  is  xnuch  lens  power  as  is  possessed  by  the  hyper- 
metropic or  the  emmetropic  eye,  but  in  the  hypermetrope  a certain  amount 
is  lost  in  maintfuj  mg  distinct  distance  vision;  thus,  less  power  is  available 
for  focusing  u >ai  objects.  The  myope,  not  being  compelled  to  use  any  of 
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the  power  for  distance  vision,  lias  that  much  more  for  focusing  near  ob- 
jects, and  in  addition  is  assisted  still  further  by  the  long  visual  axis,  which 
enables  him  to  see  even  closer  than  the  emmetrope.  Fig.  428  shows  the 
far  point  and  near  point  in  myopia,  with  increase  in  the  curvature  of  the 
lens  for  the  near  point. 

Amount  of  Myopia. — In  this  country  the  majority  of  myopes  have 
from  2 D.  to  6 D.  of  error.  In  foreign  civilized  countries,  particularly  in 
Germany,  the  average  of  error  is  higher. 

Amount  of  Axial  Lengthening. — The  following  table  (Hartridge)  gives 
the  amount  of  lengthening  of  the  axial  line  in  varying  amounts  of  myopia, 
and  the  position  of  the  far  point;  the  axial  line  in  emmetropia  equaling 
22.824  millimetres: — 


Amount  of  M. 

Distance  of  the  far  point 
in  millimetres. 

Lengthening  of  axis. 

0.50 

D. 

2000 

0.16  millimetre. 

LOO 

D. 

1000 

0.32  millimetre. 

1.50  D. 

666.6 

0.49 

millimetre. 

2.00 

D. 

500 

0.66 

millimetre. 

2.50 

D. 

400 

0.83 

millir'«An . 

3.00 

D. 

333.3 

1.00 

mi>1'tn.°tre 

3.50 

D. 

285.7 

1.19 

r.n  limetres. 

4.00 

D. 

✓ 250 

1.37 

mPlimetres. 

4.50 

D. 

222.2 

1.55 

millimetres. 

5.00 

D. 

200 

1.74 

millimetres. 

6.00 

D. 

166.6 

2.13 

millimetres. 

7.00 

D. 

142.8 

2.52 

millimetres. 

8.00 

D. 

125 

2.93 

millimetres. 

9.00 

D. 

111.1 

3.35 

millimetres. 

10.00 

D. 

100 

3.80 

millimetres. 

Varieties  of  Myopia. — If  the  cond^on  is  due  to  a lengthening  of  the 
optic  axis  it  is  called  axial  myopia  (Ma.).  If  the  eye  is  of  normal  dimen- 
sions and  the  increased  refract  on  nower  is  due  to  increase  in  the  curvature 
of  the  cornea  or  the  lens,  i x?  called  curvature  myopia  (Me.).  If  there 
is  an  increase  in  the  refraction  index  of  the  cornea  or  of  the  crystalline 
lens,  or  if  there  is  a d w ase  in  that  of  the  vitreous  humor,  index  myopia 
(Mi.)  will  result.  Spasm  of  the  ciliary  muscle  and  diseases  (cyclitis 
and  iridocycliti°)  which  relax  the  suspensory  ligament  and  permit  the 
lens  to  increase  in  thickness  give  rise  to  spurious  myopia.  Myopia  due 
to  axial  elongation  and  pursuing  an  ordinary  course  is  called  typical 
myopia.  K the  disease  is  characterized  by  an  early  appearance  and  a rapid 
increase,  with  destructive  changes  in  the  retina  and  chorioid  or  in  other 
ocular  structures',  the  case  is  one  of  malignant  myopia. 

Etiology. — Myopia,  which  may  be  regarded  as  one  of  the  penalties  of 
civilization,  is  rarely  congenital,  although  often  it  is  hereditary.  It  de- 
velops during  the  early  period  of  life,  from  the  fourth  to  the  sixteenth 
years,  at  a time  when  the  individual  is  growing  physically  and  education 
is  being  pushed. 
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Theories  of  Causation. — There  are  numerous  theories  to  account  for  the  causa- 
tion of  myopia.  It  is  believed  by  some  to  be  due  to  a hyperinclusion  of  mesoblastic 
vitreous  material  into  the  secondary  optic  vesicle.  By  others  it  is  believed  that  it 
depends  upon  the  size  and  shape  of  the  orbit— that  the  vertical  diameter  of  the  orbit 
is  increased.  By  others  the  contrary  condition  is  claimed — that  in  low  orbits  there 
is  such  a variation  in  the  course  and  insertion  of  the  superior  oblique  muscle,  due  to 
the  low  position  of  the  trochlea,  that  it  increases  the  amount  of  force,  or  compression, 
which  this  muscle  exerts  upon  the  eyeball.  The  dragging  effect  on  the  lamina  cribrosa 
at  the  weakened  portion  of  the  eyeball,— the  optic-nerve  entrance,— associated  with 
the  increased  compression,  is  certainly  a contributing  factor  of  the  mechanics  in  the 
inflammatory  and  degenerative  processes  of  myopia,  when  occupation  necessitates 
continued  vertical  movements  of  the  eyeball. 

Others  assert  the  cause  to  be  compression  of  the  globe  by  the  external  rectus 
muscle  during  excessive  convergence  made  necessary  by  the  short  distance  at 
which  myopes  must  hold  objects  to  observe  clearly,  the  eyeball  stretching  posteriorly. 
Compression  of  the  vorticose  veins  by  the  inferior  oblique  and  external  rectus  muscles 
is  also  advanced  as  a solution  of  the  etiology.  Again,  it  is  believed  by  some  to  be 
due  to  an  inflammation  of  the  chorioid  and  sclera  at  the  posterior  pole  produced  by 
constant  congestion  made  necessary  by  occupation,  in  which  the  stooping  position  is 
assumed,  or  from  compression  of  the  jugular  veins  by  bending  over  improperly  ad- 
justed desks  or  books,  interfering  with  the  return  of  blood  from  the  eye,  leading  to 
congestion  and  subsequent  inflammation. 

Abnormalities  of  the  retrobulbar  portion  of  the  optic  nerve  not  permitting 
proper  movement  of  the  eyeball  is  yet  another  reason  given.  Race  is  also  claimed 
as  an  etiologic  factor.  It  is  stated  that  the  broad,  low  face  of  the  German  contains 
the  conditions  for  the  production  of  myopia,  but  it  seems  more  reasonable  to  presume 
it  to  be  due  to  a previous  want  of  proper  correction  of  hypermetropic  astigmatism. 
Since  the  disease  has  received  the  proper  scientific  investigation  and  more  attention 
has  been  paid  to  hygiene  in  the  school  and  home,  it  has  rapidly  decreased. 

Myopia  is  far  less  prevalent  in  this  country  than  in  Europe,  especially  Germany, 
where  it  is  a national  defect.  In  this  country  more  attention  is  given  to  ou  -of-<  oor 
sports  and  exercise,  and  not  so  much  to  the  close  application  of  detail  and  great 
-reverence  for  past  work,  that  characterizes  the  sedentary,  plodding  German  nation. 
Myopia  is  said  to  be  unknown  among  the  Nubians,  the  Laplanders,  the  "atagomans, 
and  the  peasant  classes  of  Europe.  It  is  less  frequent  in  the  eas  eix  portion  of  the 
United  States  than  formerly,  due,  no  doubt,  to  the  improved  methods  of  scientific 
investigation  and  the  correction  of  minor  degrees  of  hyprn  .euopia  and  astigma- 
tism. Jews  are  said  to  be  more  subject  to  myopia  than  Ch/itJ’.i.ns  of  the  same  social 
class.  Since  the  abolition  of  slavery  in  this  country  and  the  introduction  of  higher 
educational  methods,  the  student  class  of  negroes  has  b.ym  to  develop  myopia. 

Myopia  is  very  rarely  congenital.  That  there  ii  some  hereditary  tendency  in 
the  form  of  the  myopic  eye  there  can  be  no  doubt.  Just  as  the  susceptibility  to 
tuberculosis  is  passed  from  parent  to  child,  so  may  the  tendency  to  myopia  be 
inherited.  Myopia  is  as  truly  a diseasi  a is  tuberculosis,  and,  if  an  individual 
can  be  born  with  “something”  in  tin  economy  or  a lacking  of  “something  that 
predisposes  that  individual  to  the  -a  ages  of  tuberculosis  when  exposed  to  the 
contagion,  so  might  it  be  possio'e  to  inherit  an  eyeball  the  structure  of  which  pre- 
disposes it  to  the  development  of  myopia  when  placed  under  conducive  conditions,  of 
which  the  most  important  a.:  improper  illumination  and  hypermetropic  astigmatism. 

Almost  all  eyes  are  hypermetropic  at  birth  and  very  few  are  free  from  astigma- 
tism, and,  comparing  these  with  the  number  of  myopes,  it  is  evident  that  there  is 
something  necessarv  'or  the  development  of  myopia  other  than  hypermetropic  astig- 
matism. But,  pi  cn  an  eye  predisposed  to  myopia  and  forced  to  work  at  a short 
distance  undei  i roor  light,  the  vision  being  already  reduced  because  of  the  hyper- 


740 


MODERN  OPHTHALMOLOGY. 


metropic  astigmatism,  objects  will  be  held  closer  than  they  should  be  in  order  to 
obtain  a large  retinal  image,  thereby  making  an  undue  effort  at  accommodation  with 
exaggeration  of  convergence.  Following  the  law  of  nutrition,  an  increased  How  of 
blood  is  invited  to  the  eye  to  carry  nourishment  to  the  constantly  active  ciliary 
muscle,  producing  first  a congestion  and  later  an  infiammation  of  the  ocular  tunics. 
The  increase  of  tension  due  to  the  increase  of  fluids  within  the  eye  presses  upon  the 
impoverished  and  diseased  tissue.  Not  being  able  to  withstand  the  strain,  there  is 
a consequent  giving  way  in  the  direction  of  least  resistance,  which  is  in  the  posterior 
segment  of  the  globe. 

Very  often  improperly  nourished  children  (both  of  rich  and  j>oor)  are  put  to 
using  their  eyes  for  near  work  at  an  age  when  they  should  be  having  outdoor  exercise 
and  the  eyes  should  be  resting  on  distant  objects.  For  this  reason  kindergarten 
work  is  harmful.  It  trains  the  mind  by  systematic  play,  but  does  so  at  the  expense 
of  the  eyes,  and  it  is  quite  likely  that  the  beginning  of  myopia  could  be  traced  to 
kindergarten  and  primary-school  work  done  under  bad  hygienic  surroundings,  com- 
bined with  uncorrected  hypermetropic  astigmatism. 

The  baneful  effect  of  school-life  upon  the  eye  is  attested  by  the  statistics  of 
Risley,  in  Philadelphia,  and  of  Erismann,  in  St.  Petersburg.  Rislev’s  examinations 
show  that  at  the  beginning  of  school-life — H1/^  years — 88.11  per  cent,  of  the  eyes 
examined  were  hypermetropic,  with  only  4.27  per  cent,  myopic.  Then  there  is  a 
gradual  sinking  of  hypermetropia  until  the  age  of  17VL»  years  is  reach  eh  when  it  is 
present  in  only  fifi.84  per  cent.,  and  at  the  same  age  myopia  lias  i ici  'ase<  to  19.315 
per  cent.  Cohn's  statistics  show  the  very  rapid  increase  of  nr,  upia  from  1.4  per- 
cent. in  the  lower  grades  to  59.5  per  cent,  in  the  university. 

It  is  not  study  alone  which  causes  the  marked  increase  m myopia  as  the  pupil 
progresses  in  his  education.  Nor  is  the  increase  due  to  unhygienic  surroundings. 
Derby,  Cohn,  and  Yust  have  cited  the  increasing  per^n^ge  of  myopia  in  schools 
whose  hygienic  surroundings  were  beyond  criticism  and  in  which  great  attention 
was  given  to  physical  culture. 

Important  factors  are:  The  use  of  books  -which  are  poorly  printed,  in  small 
type,  with  lines  too  close  together  and  exteno  og  across  the  page;  improperly  adjusted 
desks  and  stools;  poor  illumination;  faints  ventilation;  too  long  hours  of  study, 
with  insufficient  interval*,  combined  with  aiicorrected  hypermetropic  astigmatism. 
Some  observers  have  held  that  the  cl  avg?  in  refraction  is  a process  of  normal  evolu- 
tion, and  that  the  myopic  eyeball  Is  better  suited  to  the  needs  of  civilization  than  is 
either  the  emmetropic  or  the  hv  perrue tropic  globe.  The  reverse  of  this,  however,  is 
true,  for  the  change  from  hyp  wmetropic  to  myopic  refraction  is  characterized  by 
symptoms  of  actual  disease  in  the  eyeball. 

The  inhabitant^  of  cities  are  more  liable  to  the  development  of  myopia  than 
are  persons  who  spe  id  their  lives  in  country  districts.  Indians,  sailors,  and  ranch- 
men— all  of  whom  use  their  eyes  largely  at  far  points — show  but  few  cases  of  this 
type  of  error.  Myopia  is  of  frequent  occurrence  in  the  more  successful  members  of 
cultured  communities,  and  is  only  too  often  seen  in  members  of  the  learned  pro- 
fessions. 

As  regards  inheritance,  the  susceptibility  to  myopia  is  most  marked  when  both 
parents  . re  myopic,  less  when  the  mother  is  affected,  and  least  when  the  father 
aloi.i  Is  myopic.  When  both  father  and  mother  are  myopic,  it  is  seldom  that  the 
children  escape.  It  is  claimed  that  the  susceptibility  is  most  frequently  passed  from 
mother  to  daughter. 

Acquired  myopia  is  said  to  begin  from  about  the  eighth  year  upward,  but  tin' 
process  usually  has  its  inception  in  a diminishing  hypermetropia  with  astigmatism, 
at  a much  earlier  period,  and  ophthalmoscopic  changes  would  undoubtedly  be  seen  if 
looked  for.  During  the  period  of  adolescence  myopia  is  almost  always  progressive. 
Puberty  seems  to  affect  the  resisting  power  of  the  tissues,  but,  if  the  myopia  does  not 
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attain  a high  degree  during  this  period,  it  may  become  stationary  when  the  body  has 
completed  its  development  and  growth — about  the  age  of  twenty  to  twenty -five  years. 

If  the  myopia  reaches  a high  degree  during  youth,  it  is  less  likely  to  become  sta- 
tionary. Vision  will  grow  gradually  less  useful  until  the  age  of  fifty  or  sixty  years 
is  reached,  when  the  patient  frequently  becomes  blind.  The  period  from  the  fifteenth 
to  the  twenty-fifth  year  seems  to  be  the  time  during  which  the  myopia  is  most  likely 
to  progress  both  in  degree  and  rapidity— the  higher  the  degree,  the  more  rapidly  it 
progresses.  After  the  twentieth  year  myopia  seldom  develops  in  an  eye  previously 
sound.  When  there  is  only  a trace  of  myopia  present  in  youth,  it  almost  always 
increases  in  degree,  and  the  greatest  care  leads  to  nothing  more  than  a limitation  of 
the  degree. 

Pathology. — Myopes  have  on  an  average  a less  convex  cornea  than 
emmetropes.  The  anterior  chamber  is  deeper.  The  pupil  is  wider,  due  to 
atrophy  of  the  pectinate  ligament.  The  crystalline  lens  is  not  more  con- 
vex than  in  emmetropia.  It  is  claimed  that  the  lens  is  flatter.  The  circu- 
lar fibres  of  the  ciliary  muscle  are  atrophied  and  are  almost  entirely  want- 
ing. The  longitudinal  fibres  are  greatly  hypertrophied.  With  the  increase 
in  length  of  the  myopic  eyeball  the  vitreous  humor  must  either  increase  in 
size  or  leave  a space  between  it  and  the  retina,  which  space  soon  becomes 
filled  with  serum.  Frequently  there  is  a softening  of  the  posterior  part  of 
the  vitreous,  and  a breaking  down  of  its  structures,  with  the  formation  of 
floating  opacities.  The  vitreous  body  may  become  detached. 

In  high  degrees  of  myopia  the  drag  upon  the  retina  is  so  great  that  it 
is  torn  most  frequently  at  the  equator.  The  serum  collected  between  the 
vitreous  and  the  retina  finds  its  way  through  the  rent,  and,  passing  down 
between  the  layer  of  rods  and  cones  and  the  pigment  layer,  floats  the  retina, 
forward  (detachment  of  the  retina). 

Crescent  or  Conus. — There  is  a condition  in  the  fundus  of  the  eye  of  myopes 
to  which  the  term  conus  is  given,  presenting  the  appearance  ophth ilmoscopically 
of  a white  crescent,  usually  situated  at  the  temporal  side  of  the  d’sc,  or  it  appears 
as  a white  ring  surrounding  the  nerve-head.  It  is  customary  U a1  tribute  this  to 
atrophic  changes  in  the  chorioid  surrounding  the  disc,  brought  'bout  by  the  'con- 
gestion and  inflammation  of  the  chorioid  and  sclera,  iea^irsr  co  bulging  back  of  the 
sclera,  known  as  posterior  staphyloma.  That  this  conus  fvhite  crescent,  or  ring)  is 
not  the  result  of  inflammation  with  subsequent  at  it  phic  changes  in  the  chorioid, 
as  is  generally  accepted,  has  been  proven  by  the  reseaidies  of  Schnabel  and  others. 
It  has  been  shown  that  the  annular  conus  is  due  to  the  fact  that  the  optic 
foramen  (sclero-cliorioidal  canal)  and  the  pa.t  of  the  optic  nerve  surrounded  by  it 
are  unusually  large,  while  the  intraretinai  portion  of  the  nerve  (the  papilla)  is 
smaller  in  diameter,  because  the  fibres  Use  ;lieir  perineural  sheaths;  hence  a white 
zone  is  seen  between  the  edge  of  the  lapiila  and  the  peripheral  portion  of  the  con- 
nective tissue  or  of  the  cliorioidcl  iiig.  So  the  white  color  does  not  come  from  the 
exposed  sclera,  but  from  the  lam.na  ciibrosa  of  the  optic  nerve.  The  layer  of  pigment 
epithelium  begins  at  this  ring  It  lias  not  disappeared  from  the  white  zone,  because 
it  never  existed  in  the  part  of  the  fundus  in  which  the  conus  is  situated.  When  a 
posterior  staphyloma  (b.dgng  back  of  the  sclera)  does  coexist  with  conus,  as  is 
comparatively  infrequent,  the  chorioid  over  the  staphylomatous  area  is  thinner  than 
normal,  but  there  .'o  marked  circumscribed  atrophy  around  the  papilla. 

The  causa  ti  n of  the  crescentic  conus  can  be  easily  understood  when  it  is 
remembered  that  the  pial  sheath  of  the  optic  nerve  in  every  normal  eye  unites  with 
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the  border  of  the  elastic  lamina  of  the  cliorioid,  and,  if  this  part  of  the  chorioid  does 
not  extend  to  the  edge  of  the  cliorioidal  canal,  the  pial  sheath  in  order  to  join  it  must 
extend  across  the  anterior  surface  of  the  chorioid  as  far  as  the  edge  of  the  elastic 
lamina.  Now,  it  has  been  shown  that  within  the  limits  of  the  crescentic  conus  the 
elastic  lamina  and  the  chorio-capillaris  are  absent,  and  the  posterior  layers  are 
thinner  than,  normal.  There  is  also  very  little,  if  any,  pigment  and  few  or  no 
vessels,  while  over  the  anterior  surface  of  the  conus  is  spread  the  pial  sheath  of  the 
optic  nerve,  and  in  front  of  this  lie  the  fibres  of  the  optic  nerve.  Absence  of  the 
elastic  lamina  cannot  be  regarded  as  the  result  of  atrophic  change,  because  the  pial 
sheath  of  the  optic  nerve  stretches  over  the  defect  and  unites  with  the  elastic  lamina 
at  the  periphery,  just  as  in  the  normal  eye.  The  anomalous  position  of  the  pial 
sheath  and  nerve-fibres  forms  a constant  anatomic  feature  of  the  crescentic  conus; 
consequently  the  defect  in  the  anterior  layers  of  the  chorioid  must  be  regarded  as  the 
result  of  anomalous  development,  and  not  of  disease.  Every  conus  is  congenital. 

The  anatomic  foundation  of  the  crescentic  conus  in  the  myopic  eye  with 
posterior  staphyloma  is  the  same  as  the  crescentic  conus  in  the  myopic  eye  of  average 
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Fig.  429. — Types  of  conus  in  n yopi.\.  (Vossius.) 

A,  Left  eye  with  a conus  situated  downward  anj  outward.  B,  Right  eye  with  an 
inferior  conus  and  a papiL,  of  biconvex  shape. 

length  and  form.  An  annular  conus  cannot  develop  from  a crescentic  conus;  neither 
can  a crescentic  one  enlarge  and  bee  m e annular. 

1 Posterior  Staphyloma. — The  posterior  staphyloma  is  a bulging  backward  of 
the  sclera,  forming  a low,  circumscribed  protuberance  with  a circular  base,  or,  if  the 
distension  is  great,  a coni'*  ole  at. on,  situated  between  the  outer  side  of  the  optic 
nerve  and  the  tendon  of  the  ;nferior  oblique  muscle.  In  others  it  may  include  the 
sclera  surrounding  the  oj  tic  nerve;  so  that,  instead  of  lying  to  one  side,  the  optic 
nerve  may  form  the  sun  mit  of  the  staphyloma.  The  length  of  an  eyeball  with 
posterior  staphyloma  e.^eeds  that  of  the  longest  emmetropic  eyeball  known. 

Schnabel  h;  s diown  that  posterior  staphyloma  occurs  most  extensively  in  eyes 
in  which  there  's  defective  development  of  the  chorioid,  and  an  absence  of  the  external 
fibre-layer  oi  th  sclera  in  the  vicinity  of  the  optic  nerve,  with  resulting  anomalous 
insertion  of  die  dural  sheath  and  consequent  abnormal  size  and  shape  of  the  inter- 
vagi.uu  space.  He  demonstrates  that  the  increase  in  the  intervaginal  space  is  not 
due  +o  the  separation  of  the  inner  from  the  outer  layers  of  the  sclera;  that  the 
o iter  wall  of  the  space  is  always  covered  by  the  arachnoid  sheath,  and  is  always 
sl'  T°nnded  by  the  two  vaginal  sheaths  and  the  posterior  surface  of  the  inner  layer 
nf  the  sclera,  just  as  in  the  normal  eye,  and  never  bv  the  separated  scleral  lamella?. 
If  the  enlargement  were  due  to  stretching  of  the  sclera,  it  would  be  most  marked  on 
the  side  of  the  optic  nerve  corresponding  to  the  summit  of  the  staphyloma  and  site 
of  the  crescentic  conus;  but  the  contrary  is  the  rule,  for  the  intervaginal  space  is 
much  wider  on  the  nasal  than  on  the  temporal  side  of  the  optic  nerve.  And,  if  the 
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enlargement  had  been  caused  by  the  gradual  distension  of  the  sclera,  the  arachnmda 
trabeculae  on  the  inner  surface  of  the  dural  sheath  would  be  correspondingly  more 
attenuated  than  in  the  normal  eye,  but  the  thickness  of  the  trabecul®  is  -h  gre  te 
than  normal.  If  the  outer  sheath  had  been  forcibly  separated  from  the  inner  it 
would  be  tense  and  its  fasciculi  would  be  stretched;  instead  of  tins  the  sheath  is 
relaxed ; its  fasciculi  are  wavy  and  have  the  appearance  of  being  too  Ion 
Schnabel  concludes  that,  “in  view  of  the  facts  that  posterior  staphyloma  is  knoun 
to  have  existed  in  the  early  childhood  of  myopes  of  high  degree,  that  no  P™°f  ™ 
vet  been  furnished  that  the  sclera  of  eyes  with  such  a condition  ever /0SSeSSed 
thickness  and  shape,  that  its  development  is  not  preceded  by  any  disease  of  the  eie, 
and  finall  " that  inanimation  and  increase  of  intra-ocular  tension  do  no  cause 
posterior  staphyloma.  but  a different  form  of  bulbar  enlargement,  it  is  certainly  war- 
rentable  to  conclude  that  the  condition  is  an  anomaly  of  development 


Fig.  430.— Posterior  staphyloma  of  cone  shape  in  a myopn  eye. 
(After  Jaeger.) 


resulting  from  congenital  peculiarities  of  texture  in  the  parts  ->f  the  chor.oid  and 
sclera  surrounding  the  optic  nerve.”  Consequently  ii  posterior  staphyloma  is  a 
malformation,  and  not  the  result  of  disease,  it  c'.u.o  be  acquired  by  eyes  with 
normal  membranes.  And  every  eye  with  the  poster  staphyloma  Scarp*  is 
myopic-  but  only  a very  small  number  of  myop  e e;es  have  tins  type  of  staphyloma, 
lie  also  claims  that  eyes  primarily  emmetropic  or  hypermetropic  are  in  no  danger ^of 
becoming  affected  with  retinochorioiditis  of  the  macula  ...  consequence  of  acqu. 
myopia.  Only  eyes  with  posterior  staphyloma  resulting  from  congenita  ^Uorma^ 
tion  have,  in  addition  to  excessive  myopia,  an  especial  predisposition  to  that  gra 

extreme  cases  of  myopia  .here  may  be  disseminated  chorioiditis  -dchorioidal 
and  retinal  hemorrhages,  vith  detachment  of  the  cliorioid.  The  crystalline  len 
becomes  translucent  cr  c,^aq.  e. 

Symptoms.-  Subjective  Symptoms.— Persons  myopic  to  the  amount 
of  2 I),  usually  complain  of  not  seeing  distant  objects  clearly.  In  the  hig  tet 
degrees  they  can  see  objects  distinctly  only  when  held  very  close.  J. 
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notK-e  that  the  moon,  a star,  or  a street-light  does  not  present  a clear 
and  well-defined  outline.  They  appear  as  irregular,  shining  discs,  which 
are  much  larger  in  diameter  than  they  are  to  the  normal  eye,  due  to  dif- 
fusion circles  on  the  retina.  The  field  of  vision  is  always  decreased,  espe- 
cially noticeable  when  wearing  the  correcting  lens.  There  may  he  photo- 
phobia and  photopsia.  Myopes  complain  of  their  eyes  aching,  and  this  is 
always  aggravated  by  near  work.  This  symptom  is  particularly  trouble- 
some  if  there  is.  also  astigmatism  present. 

The  young  myope  will  acquire  distinct  mental  habits  and  peculiarities 
if  the  defect  be  not  corrected  with  proper  glasses.  He  will  early  learn  to 
avoid  outdoor  sports  because  of  poor  vision,  and  will  cultivate  a fondness 
for  occupation  suitable  for  his  range.  He  will  devote  his  time  to  constant 
study,  winning  the  plaudits  of  his  friends,  which  further  increases  the 
desire  to  attain  higher  ideals.  He  becomes  retrospective  and  perverted  in 
his  taste.  He  will  become  brusque  in  his  manner  and  unduly  self-reliant. 
He  has  in  general  no  correct  idea  of  the  impression  which  his  person  or  his 
words  make  upon  others,  because  he  cannot  appreciate  the  feelings  and 
change  of  countenance  of  those  he  is  addressing.  Consequently  he  -etains 
his  original  disposition,  and  is  possessed  of  a peculiar  freencss  and  too 
great  self-confidence,  or,  what  is  still  more  rare,  a more  thaL  01  dinary  self- 
consciousness,  or  bashfulness,  is  developed.  Because  of  his  superior  knowl- 
edge gained  by  constant  application  to  studies  he  arches  the  jealousy  and 
envy  of  his  fellows,  which  in  turn  causes  him  to  become  rude,  in  order  to 
hide  a fear  of  each  new  face.  He  is  uncongenial,  ai  id  finally  chooses  some 
narrow  groove  having  but  few  congenial  spi  -its  n it,  and  one  tli at  is  con- 
stantly demanding  increased  study.  Much  more  of  what  passes  in  the 
world  escapes  him  than  lie  is  aware  of  and  with  respect  to  a number  of 
things  his  knowledge  is  less  correct,  bemuse  he  fills  up  what  is  deficient 
through  the  operation  of  a brisk  imagination.  He  is  seldom  practical  and 
always  is  in  search  of  the  metaphysical.  He  sets  a premium  on  physical 
deterioration,  and  possesses  but  little  true  intellectuality,  his  mentality 
being  a mere  precocity. 

Objective  Symptoms.- —Myopes  have  a tendency  to  approach  closer 
than  is  necessary  to  tie  o ijects,  and  thus,  particularly  in  sedentary  work  to 
assume  a stooping  position.  They  prefer  to  read  small  print,  and  accustom 
themselves  to  small  handwriting,  avoiding  as  much  as  possible  long  lines 
because  by  so  doing  they  need  not  move  the  eyes  and  head  so  much  as  when 
they  have  brood  pages  and  large  letters  before  them.  A certain  awkward- 
ness is  frequently  manifested  in  their  bearing  and  gait.  The  orbits  are  low, 
broad,  end  shallow  in  the  young,  increasing  in  height  as  the  subject  matures’ 
Dur.ng  distant  vision  the  eyelids  are  nipped  together  in  order  to  see  more 
distinctly  by  cutting  off  the  diffusion  circles.  The  brow  is  wrinkled  The 
nostrils  are  drawn  up  and  the  head  is  projected  forward.  The  eveballs 
are  large  and  apparently  protrude. 


ERRORS  OF  REFRACTION. 


745 


There  may  be  an  apparent  convergent  strabismus  when  looking  at  a 
distance  in  high  degrees  of  myopia,  due  to  the  fact  that  the  visual  line 
passes  through  the  cornea  to  the  outer  side  of  the  optic  axis,  and  the  eye; 
must  converge  in  order  to  bring  the  visual  line  to  intersect  the  object. 
Angle  gamma  becomes  negative. 

Myopia  requires  more  convergence  of  the  visual  lines,  because  vision 
takes  place  close  to  the  eye.  Convergence  is  made  difficult  by  the  form  of 
the  eyeball  impeding  the  movements,  the  small  angles  gamma  and  alpha, 
and  the  elongation  of  the  muscles.  The  myopic  eye,  because  of  its  static 
refraction,  has  no  need  of  accommodation  in  order  to  see  at  a short  dis- 
tance; so  the  difficult  convergence  is  not  excited  as  in  hypermetropia. 
Under  these  circumstances  binocular  vision  is  either  not  developed  or  at 
most  is  so  only  in  a rudimentary  way.  Consequently,  when  there  is  a lack- 
ing of  binocular  vision  and  accommodation,  the  eyes  almost  always  diverge. 
For  these  reasons  myopia  is  the  principal  cause  of  divergent  strabismus. 
At  first  the  divergence  is  relative — that  is,  when  looking  at  a distance  the 
visual  lines  are  properly  directed;  in  close  work  only  one  eye  is  used,  the 
other  diverges.  Later  the  condition  becoihes  absolute : there  is  divergence 
of  the  visual  lines  in  distant  as  well  as  in  near  vision. 

In  myopia  the  conjunctiva  is  usually  congested.  The  anterior  cham- 
ber is  deep.  The  pupil  is  dilated  and  the  iris  is  sluggish  in  reaction. 

Ophthalmoscopic  Appearance. — Because  of  the  shape  of  the  eyeball 
in  myopia,  only  a small  portion  of  the  fundus  is  seen  without  changing  the 
position  of  the  ophthalmoscope.  It  appears  highly  magnified  and  feebly 
illuminated.  The  optic  nerve  is  apparently  narrower  in  the  horizon' al 
meridian  and  longer  in  the  vertical  than  in  the  emmetropic  eye.  This  is 
due  to  the  disc  being  placed  more  to  the  inside,  the  perpendieul^*  o this  sur- 
face being  directed  more  strongly  outward,  and,  this  causing  us  to  look 
obliquely  on  the  nerve  through  the  pupil,  it  appears  slior  ened  in  the  hori- 
zontal direction.  In  the  young  the  nerve  surface  shows  ca  mlary  hyperemia. 
There  may  be  a conus, — a whitish  area,  crescentic  ir  shape, — usually  to  the 
temporal  side,  or  annular  in  shape,  entirely  surrounding  the  optic  disc,  and 
bounded  by  a pigment-ring.  In  cases  of  high  myopia  the  eiss  reflex  is 
present  (Fig.  2,  Plate  XX).  ltetinal  and  Jior  oidal  changes  are  often  seen 
(Fig.  2,  Plate  XVII). 

In  advanced  cases  the  retinal  vessels  appear  dragged,  being  straighter 
in  their  course.  The  main  trunks  diverge  more  at  right  angles.  Seldom 
is  there  any  change  in  the  calibre  of  the  vessels.  There  may  be  groups  of 
irregular  pigment  splotches,  white  atrophic  patches  appearing  in  the 
chorioid,  especially  marked  in  the  macular  region.  There  is  absorption  of 
epithelial  pigment  throughout  the  fundus.  In  extreme  cases  there  may 
be  retinal  hemorrhages,  disorganization  of  the  vitreous  humor,  and  retinal 
and  chorioidal  de faehment.  The  lens  may  become  opaque. 

Diagnosis.  — Myopia  is  indicated  by  the  broad  face,  the  protuberant 
eyeballs,  divergent  strabismus,  indistinct  distant  vision,  and  good  near 
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vision.  The  near  point  of  accommodation  is  closer  to  the  eye  than  in 
emmetropia  at  the  same  age,  and  there  is  improvement  of  distant  vision 
by  a concave  lens.  Letters  of  double  size  are  not  read  at  double  the 
distance. 

Under  a cycloplegie  the  patient  requires  a concave  lens  to  improve 
his  far  vision,  and  the  weakest  lens  with  which  he  obtains  vision  of  e/6 
is  the  measure  of  his  myopia.  With  a concave  retinoscopv  mirror  the 
shadow  moves  with  the  mirror  (see  page  148).  In  direct  ophthalmoscopy  a 
concave  glass  must  be  used  to  see  the  details  of  the  fundus.  Bv  means  of 
the  ophthalmoscope  and  the  retinoseope  the  presence  of  myopia  becomes 
apparent. 

Prophylaxis. — Myopia  is  a disease  which  can  be  prevented  in  a great 
measure,  or  at  least  much  can  be  done  to  arrest  its  progress. 

As  myopia  is  produced  principally  during  adolescence,  and  is  increased 
by  continuance  of  near  work,  it  is  necessary  to  keep  the  child  in  vigorous 
health  so  that  the  eye-tissues  can  resist  any  reasonable  strain  put  upon 
them.  Children  recovering  from  any  of  the  exhaustive  acute  diseases 
should  not  be  made  to  perform  the  same  tasks  as  those  in  good  health. 
They  should  be  given  sufficient  nutritious  food,  fresh  air,  ana  exercise,  as 
well  as  general  tonics. 

Those  in  feeble  health  or  affected  with  chronic  diseases  should  receive 
special  attention.  Young  children  should  not  have  bright  objects  and  toys 
held  too  near  the  eyes.  They  should  not  be  se^t  to  kindergarten  at  an 
age  when  they  had  better  be  enjoying  the  free  air,  playing  games  out  of 
doors.  Children  are  usually  started  to  school  entirely  too  early  in  life, 
often  at  four  or  five  years  of  age.  This  period  of  life  should  be  devoted 
solely  to  the  building  up  of  all  the  tissues.  The  child  should  not  be  sub- 
jected to  the  destructive  process  necessitated  by  the  so-called  “play  studies” 
as  pursued  amid  unhygienic  surroundings. 

If  all  children  could  remain  home  until  they  are  eight  years  old,  and 
then  be  sent  to  a school  where  some  attention  is  paid  to  the  general 
hygiene,  myopia  would  rxpidly  disappear. 

In  our  schools  attention  should  be  directed  toward  securing  proper 
lighting  and  ventilation.  A northern  exposure,  with  the  light  admitted 
from  behind  and  over  the  pupil’s  left  shoulder,  is  to  be  preferred.  One 
square  foot  of  ^ass  to  five  square  feet  of  floor  surface  is  sufficient  if  not 
shadowed  by  trees  or  houses. 

Stooping  over  work,  with  consequent  damming  of  blood  in  the  head, 
should  be  made  unnecessary  by  having  adjustable  chairs  and  desks.  The 
chairs  should  be  high  enough  to  allow  the  feet  to  rest  firmly  on  the  floor, 
b in  desk-top  should  be  sloping  and  arranged  so  that  the  body  may  be  held 
c\ecc,  and  the  print  or  writing  should  be  placed  at  a suitable  distance  from 
the  eye. 

The  great  amount  of  writing,  not  only  in  school,  but  even  at  home, 
as  required  in  some  localities,  should  be  protested  against.  School  is  the 
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place  for  study.  Children  should  be  taught  orally  as  much  as  possible; 
when  writing  is  necessary  it  should  be  with  pen  and  black  ink. 

Text-books  for  school  use  should  be  printed  on  unglazed  paper.  Thu 
type  should  be  heavy  faced  and  eight  or  ten  point  in  size.  Two  or  two  and 
one-half  millimetres’  space  should  separate  lines,  on  a double-column  page. 

A systematic  examination  of  the  eyes  of  all  children  upon  entering 
school  should  be  insisted  upon,  and  all  refraction  errors  should  be  carefully 
estimated  and  corrected. 

Treatment. — If  myopia  becomes  once  established,  we  should  endeavor 
to  arrest  its  progress  by  the  strictest  care  of  the  eyes  and  the  employment 
of  concave  glasses,  so  as  to  render  any  necessary  use  more  comfortable  and 
less  dangerous  to  the  patient. 

In  all  young  people  in  whom  the  accommodation  is  still  active  a cyclo- 
plcgic  should  be  used  sufficiently  strong  to  produce  absolute  loss  of  accom- 
modative power,  and  especially  so  if  there  should  be  present  any  retinal 
haze  and  chorioidal  woolliness.  Repeated  instillations  on  successive  days 
should  be  made  until  the  congestion  of  the  chorioid  and  retina  is  dimin- 
ished. As  a rule,  no  correction  should  be  made  so  long  as  there  is  con- 
gestion or  inflammation  of  the  eye. 

A young  subject,  with  good  acuity  of  vision,  a range  of  accommodation 
suitable  to  his  age,  and  the  balance  of  the  external  eye-muscles  good, 
having  a myopia  under  5 D.,  may  be  allowed  to  wear  the  full  correction 
habitually,  both  for  near  work  and  for  distance. 

When  the  patient  is  older  and  the  grade  of  myopia  is  higher,  t'-gtO.er 
with  lowered  acuteness  of  vision,  the  full  correction  should  be  lowered; 
or  we  should  allow  him  to  read  uncorrected  at  his  far  poin’ . wearing  full 
correction  only  for  distance.  If  his  occupation  makes  it  necessary  to  see 
distinctly  objects  lying  farther  off  than  his  uncorrected  far  point,  a partial 
correction  should  be  given.  In  these  cases  the  gla.'-e  or  ncai  work  i> 
determined  by  finding  the  distance  at  which  the  work  is  to  be  done,  and 
subtracting  that  number  of  dioptres  from  the  sciei.gth  of  the  distance 
glass.  For  example,  supposing  a myope  of  J D.  wishes  to  see  clearly  at  a 
distance  of  one  metre  (4  I).  — 1 D.  = 3 !».),  a b D.  glass  would  be  required. 

In  very  high  grades  of  myopia,  with  marked  diminution  of  acuity  of 
vision,  it  is  best  for  the  patient  to  relinquish  all  attempts  at  binocular 
vision  with  reading  glasses  and  to  use  the  eyes  alternately. 

If  there  is  weakness  of  the  internal  recti  muscles  amounting  to  ten 
or  twelve  degrees  for  distane\  and  a corresponding  larger  amount  for  near 
work,  great  relief  can  sometimes  be  obtained  by  dividing  one  or  both  of  the 
externi.  Smaller  degiees  of  insufficiency  are  satisfactorily  treated  by  de- 
centring the  glasses,  so  that  their  centres  shall  be  farther  apart  than  the 
centres  of  the  pupils,  that  they  may  act  as  a prism  with  the  base  inward. 

Surgical  Treatment  of  Myopia. — Operations  for  the  relief  of 
myopia  are  jf  two  kinds:  (1)  those  for  removal  of  the  crystalline  lens 
bv  discission  or  extraction,  with  or  without  iridectomy;  (2)  those  which 
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concern  the  ocular  muscles.  While  the  purpose  of  the  former  is  to  im- 
prove visual  acuity  and  check  pathologic  changes  in  cases  of  high  myopia, 
the  aim  of  the  latter  is  to  relieve  insufficiency  of  convergence  or  to  correct 
divergent  strabismus.  Only  operations  which  involve  the  lens  will  be  dis- 
cussed  in  this  place. 

Removal  of  the  Crystalline  Lens  in  Myopia.— In  1708,  Boerhaave,  having  noticed 
that  myopes  with  cataract  are  able  to  see  without  glasses  after  a successful  operation, 
suggested  removal  of  the  lens  for  the  cure  of  myopia.  In  1745,  Higgs,  of  Birmingham! 
advised  depression  of  the  lens;  in  17G3,  Albrecht  von  Haller  proposed  extraction  of 
the  lens,  an  operation  which  the  elder  Wenzel  is  said  to  have  practiced  successfully 
on  patients  referred  to  him  by  the  Abee  Desmonceaux  (177G).  While  the  subject  of 
operative  intervention  in  myopia  was  discussed  by  many  of  the  ophthalmic  surgeons 
of  the  eighteenth  century,  it  did  not  attract  serious  attention  until  Mooren  (1858) 
and  Fukala  (1889)  revived  it.  Fukala  practiced  discission  of  the  lens— at  first  with, 
later  without,  iridectomy — with  such  success  that  this  method  gained  recognition. 

Choice  of  Procedure. — In  young  subjects  discission  of  the  lens — followed,  in  a 

few  dajs,  by  extraction  of  the  swollen  lens-substance  through  a corneal  incision is 

the  accepted  operation.  The  extraction  should  be  made  prior  to  the  advent  of  in- 
creased intra-ocular  tension.  Often  a needling  of  the  posterior  capsule  will  be  re- 
quired at  a later  date.  In  adults  the  lens  should  be  extracted.  Ophthalmic  writers 
are  not  in  accord  as  to  the  time  when  extraction  should  supplant  discission.  This 
statement,  however,  may  be  accepted:  in  children  and  in  young  adults  wih  discission 
is  advised;  and  few  ophthalmic  surgeons  would  perform  discission  fitter  the  thirtieth 
year,  although  it  has  been  done  successfully  as  late  as  the  fortieth  or  even  the  forty- 
fifth  year.  It  is  certain  that  extraction  is  the  safer  operation  i fte  the  fortieth  year. 

Indications. — Removal  of  the  crystalline  lens  in  high  myopia  is  justifiable  only 
in  carefully  selected  cases  in  which,  with  the  refraction  c>rr<cted,  vision  (20/40,  or 
less)  is  insufficient  for  the  patient's  vocation.  Naturally  n>  arbitrary  rule  can  be 
made,  since  visual  acuity  ample  for  one  pursuit  might  be  insufficient  in  another 
vocation.  While  luikala  and  other  Continental  surgeons  would  operate  in  myopia  of 
10  D.,  provided  the  patient  is  10  or  12  years  of  ige  and  the  disease  is  of  the  progress- 
ive type,  English  and  American  ophthalmologists  sanction  operative  intervention  only 
in  cases  of  15,  or  20,  or  more  dioptres.  Marked  changes  in  the  vitreous  body,  or  in 
the  macular  region  of  the  fundus,  are  1 elu  as  contraindications.  Should  one  eye  be 
blind,  few  surgeons  would  care  to  ti  Kr  the  responsibility  of  operating  on  its  fellow. 
If  one  eye  has  been  operated  with  g~od  result,  the  other  eye  should  be  let  alone! 

I ndei  such  circumstances  the  operated  eye  will  be  used  for  distance  vision  and  the 
other  one  will  be  chosen  for  near  work.  This  plan  was  followed  by  Pfliiger,  who 
always  chose  the  worst  eye  for  ( peration. 

Accidents  and  (“>quehc.— Iritis,  iridocyclitis,  panophthalmitis,  intra-ocular 
hemorrhage,  detachment  rf  the  retina,  and  rapid  swelling  of  the  lens  with  increased 
intraocular  tension  a,  e possible  dangers.  In  successful  cases  detachment  of  the 
retina  may  occur  at  a late  date,  but  probably  not  more  often  than  happens  in  un- 
operated  cases. 

Remits.- If  an  eye  has  an  axial  myopia  of  24  D.,  and  an  antero  posterior 
diameter  >4  about  31  millimetres,  removal  of  its  lens  will  cause  parallel  rays  to 
focus  0^1  its  retina  without  the  aid  of  a glass  (Parsons).  In  such  a case  the  retinal 
images  will  bo  larger  than  those  of  the  emmetropic  eye  and  the  visual  improvement 
wiU  je  enormous.  Statistics  concerning  lenticular  removal  in  high  myopia  have 
been  favorable.  However,  it  is  possible  that  some  of  the  failures  have  not  found  a 
place  in  ophthalmic  literature.  The  whole  question  demands  further  study. 
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ASTIGMATISM  (ASTIGMIA). 

Definition. — Astigmatism  is  that  form  of  ametropia  in  which  rays 
from  one  luminous  point  do  not  again  unite  into  one  point,  or  focus,  on  the 
retina.  The  condition  may  be  defined  as  that  form  of  ametropia  in  which 
parallel  rays  entering  the  eye  are  refracted  unequally  in  different 
meridians. 

Defects  in  the  antero-posterior  diameter  of  the  eyeball  have  been 
studied  under  the  subjects  of  hypermetropia  and  myopia:  hypermetropia 
when  the  axis  of  the  eyeball  was  too  short ; myopia,  the  axis  being  too  long, 
both  pertaining  to  the  length  of  the  eyeball.  The  defects  in  the  dioptric 
system  of  the  eye  are:  spheric  aberration,  chromatic  aberration,  and 
irregularity  of  radius  of  curvature. 

Spheric  Aberration  is  due  to  the  rays  passing  through  the  edge  of 
a convex  lens  and  those  passing  through  the  central  portion  not  having 
the  same  focus.  There  is  one  principal  focus  for  the  more-bent  rays,  or  those 
passing  through  the  periphery,  and  one  for  the  less-bent  rays,  or  those  pass- 
ing through  the  central  portion.  This  defect  is  almost  corrected  in  the 
eye  by  the  iris,  which  cuts  off  the  most  peripheral  rays,  and  also  by  the  in- 
crease in  density  and  curvature  from  the  periphery  toward  the  centre  of 
the  crystalline  lens. 

Chromatic  Aberration. — In  vacuum  all  kinds  of  light  appear  to 
travel  at  the  same  rate,  but  in  most  dioptric  media  they  are  unequally 
retarded.  Commonly  the  light  with  short  wave-lengths  (near  the  vo>t 
end  of  the  spectrum)  is  most  retarded  and  most  refracted.  The  dioptric 
system  of  the  eye  presents  chromatic  aberration,  which,  however,  fcca."cely 
interferes  with  visual  acuity. 

Irregularities  of  Eadius  of  Curvature. — It  is  with  the  irregulari- 
ties of  radius  of  curvature  of  the  lenses  of  the  eye  that  we  are  most  inter- 
ested at  present. 

In  studying  hypermetropia  and  myopia  it  vas  assumed  that  the 
dioptric  surfaces  of  the  eye  curved  equally  in  all  p<ir  |;g  and  in  all  directions 
— that  they  were  small  portions  of  spheric  surfaces.  This,  however,  is 
not  the  case,  as  is  explained  in  the  succeeding  paragraph. 

Optical  Condition. — The  effect  which  a .i  unequally  curved  cornea  will 
have  upon  rays  of  light  must  now  be  studied.  Careful  examination  of  nor- 
mal eyes  shows  that  the  vertical  meridian  of  the  cornea  usually  is  more 
sharply  curved  than  the  horizontal  meridian.  This  difference  produces  an 
amount  of  astigmatism  which  u so  small  that  it  may  be  termed  physiologic. 
When  the  inequality  ot  ti.e  meridians  is  greater  it  causes  the  error  of 
refraction  now  under  discussion.  The  effect  which  such  a corneal  surface 
will  have  in  refracting  :ays  of  light  may  be  explained  by  reference  to  Fig. 
481.  A shows  the  ^fraction  in  the  vertical  meridian;  B,  the  refraction 
in  the  horizontal  meridian;  C,  the  form  of  images  at  various  distances 
from  the  ccrma;  fx  and  f2  mark  the  foci  of  the  vertical  and  horizontal 
meridians,  respectively.  The  line  /,-/•>  is  the  focal  line. 
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On  account  of  the  greater  curve  in  the  vertical  direction  v-v,  the  rays 
will  be  turned  up  and  down  more  than  they  will  be  turned  in  from  the 
sides;  they  will  converge  faster  vertically  than  horizontally.  Hence  at  1 
they  will  form  a horizontal  oval,  and  at  2 they  form  a horizontal  band  of 
light — the  first,  or  anterior,  focal  line.  This  line  is  equal  in  width  to 
the  unfocused  horizontal  rays.  From  this  point  the  vertical  rays  will 
diverge,  while  the  horizontal  rays  (h-h)  converge  (3,  J+,  5);  at  4 the  image 
is  circular  in  form.  The  vertical  rays  still  becoming  progressively  wider 
and  the  horizontal  rays  narrower,  the  image  circle  (4)  is  converted  into 
a vertical  oval  as  at  5,  until  at  G,  where,  the  rays  in  the  horizontal  meridian 


Fig.  431. — Refractior  ii  regular  astigmatism.  (Vossius.) 

having  been  brought  together,  the  vertical  oval  image  is  changed  into  a 
vertical  line — the  second,  cr  posterior,  focal  line . The  horizontal  rays  un- 
dergoing their  eros^ng,  and  the  vertical  rays  becoming  still  more  widely 
separated,  give  width  to  an  image  at  7,  which  becomes  a vertical  oval  in 
shape,  or  an  el  ip^e  with  its  long  axis  vertical. 

Thus,  i a transverse  section  of  h-h  and  v-v  be  made,  there  will  re- 
sult at  1 c horizontal  ellipse;  at  2,  a horizontal  line;  at  3,  a horizontal 
ellipse;  tit  4,  a circle;  at  5,  a vertical  ellipse;  at  6 , a vertical  line;  at  7, 
another  vertical  ellipse.  If  the  retina  is  placed  at  any  of  these  points,  it  is 
evident  that  the  retinal  image  will  always  be  blurred,  since  the  ravs  never 
come  to  a focus  in  a single  point. 

Amount  of  Astigmatism. — The  difference  in  the  refraction  of  the  two 
principal  meridians  is  the  measure  of  the  amount  of  astigmatism. 
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Rarely  do  we  find  an  eye  that  is  entirely  free  from  regular  astigmatism. 
If  the  amount  is  small  and  causes  no  symptoms,  it  is  termed  physiologic 
astigmatism.  At  what  degree  we  should  consider  astigmatism  pathologic 
is  a question.  Some  authorities  concede  0.25  D.  to  0.50  D.  as  normal,  n 
this  country  many  ophthalmic  surgeons  deem  it  necessary  to  correct  even 
such  a small  amount.  In  the  majority  of  cases  of  astigmatism  the  erroi 
will  range  from  0.25  D.  to  2 D.  Cases  of  4 D.  to  6 D.  are  rare  except  as  a 
sequence  of  operations:  for  example,  cataract  extraction.  The  larger  the 


Fig.  432. — Irregular  corneal  astigmatism. 


wound  and  the  nearer  it  is  to  the  centre  of  the  cornea,  the  greater  will  be  the 
amount  of  astigmatism.  Cases  of  10  I>.  to  20  D.  of  astigmatism  are 
among  the  rarities  of  ophthalmic  literature. 

Varieties  of  Astigmatism.-Tliere  are  two  chief  varieties:  (1)  irregular 

astigmatism;  (2)  regular  astigmatism. 

1.  Irregular  astigmatxsmr exists  when  there  is  a difference  of  refract.- 
in  different  parts  of  the  same  meridian  (Fig.  432)  The  cor.un'on  is 
called  normal  irregular  astigmatism  when  it  is  due  to  irregul.  nties 


Fig.  433. — Simple  hypermetropic  astigmatism. 

the  refracting  power  of  the  different  actors  of  the  crystalline  lens  It  is 
present  in  .11  human  eyes,  causing  points  or  discs  of  light  to 
irregular  projections  fron.  them-to  look  “star-shaped.  Abnormal  t, 
regular  asUgmatism  may  be  produced  by  a variety  of  abnormal  conditions 
involving  the  cornea,  ov  the  crystalline  lens.  When  it  is  in  the  corn  , 
it.  is  Generally  the  remit  either  of  irregular  contraction  of  cicatrization 
from  previous ‘liberation  or  of  softening  and  stretching  from  some  pathologic 
X^nch  as  cic  cornea.  Congenital  defects  in  the  lens  or  trauma 
producing  in  incomplete  luxation,  will  cause  irregular  astigmatism.  E y 
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in  a case  of  cataract  the  patient  may  notice  monocular  polyopia.  This 
is  explained  by  the  varying  refracting  power  of  different  sections  of  the 
lens,  causing  the  images  produced  by  them  to  separate  farther  and  farther. 

2.  Regular  astigmatism  implies  that  the  curvature  of  the  cornea  is 
different  in  two  meridians —meridians  of  greatest  and  of  least  refraction,— 
called  chief  or  principal  meridians.  They  are  always  at  right  angles  to 
each  other.  When  the  most  sharply  curved  meridian,  or  meridian  of 
greatest  i e fraction,  is  vertical,  or  nearly  so,  the  condition  is  termed  astig- 


Fig.  434. — Compound  hypermetropic  astigmatism. 


rnatism  with  the  rule  (Fig.  438).  When  the  meridian  of  grearest  refrac- 
tion—most  sharply  curved— is  in  the  horizontal  direction  or  nearly  so, 
it  is  known  as  astigmatism  against  the  rule  (Fig.  439). 

Subdivisions  of  regular  astigmatism  are: — 

1.  Simple  hypermetropic  astigmatism  (Ah.)  Here  rays  from  one 
chief  meridian  focus  on  the  retina,  while  rays  from  tne  other  chief  meridian 
focus  behind  the  retina.  Thus,  one  meridian  b emmetropic  and  the  other 


is  hypermetropic  tFig.  433).  Generally  it  is  the  vertical  meridian  whose 
rays  focus  on  the  rf  tina. 

2.  Compound  hypermetropic  astigmatism  (II.  All.).  Here  rays  from 
both  chief  meridians  focus  behind  the  retina,  but  not  at  the  same  point. 

As  a nde,  t.ie  focus  of  the  vertical  meridian  is  the  nearer  to  the  retina 
(Pig.  434). 

3.  Simple  myopic  astigmatism  (Am.).  Here  rays  from  one  chief 
m 'rit  lan  focus  on  the  retina,  while  rays  from  the  other  chief  meridian 
i cus  in  front  of  the  retina;  usually  the  focus  of  the  horizontal  meridian 
is  on  the  retina  (Fig.  435). 

4.  Compound  myopic  astigmatism  (M.  Am..).  Here  rays  from  both 
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chief  meridians  focus  in  front  of  the  retina,  but  not  at  the  same  point. 
As  a rule,  the  horizontal  meridian  is  the  closer  to  the  retina  (Fig.  436). 

5.  Mixed  astigmatism  (Amh.,  or  Alim.).  Here  rays  from  one  chief 
meridian  focus  in  front  of  the  retina,  while  rays  from  the  opposite  meridian 
come  to  a point  behind  the  retina  (Fig.  437).  The  focus  of  the  horizontal 
meridian  is  behind  the  retina,  while  that  of  the  vertical  lies  in  front  of 
the  retina  (Fig.  437).  A difference  of  1 millimetre  between  the  meridians 


Fig.  436. — Compound  myopic  astigmatism. 


of  greatest  and  least  curvature  of  the  cornea  produces  an  astigmatism  of 
6 dioptres. 

Position  of  the  Chief  Meridians. — If  the  meridian  of  greatest  refrac- 
tion— the  most  sharply  curved  meridian — is  vertical  or  nearly  vertical,  we 
speak  of  astigmatism  with  the  rule  (Fig.  438).  When  the  meridian  of 
greatest  refraction  is  horizontal,  or  nearly  so,  we  speak  of  astigmatism 
against  the  rule  (Fig.  439).  Should  the  chief  meridian  be  neither  v ilh 
nor  against  the  rule,  we  speak  of  oblique  astigmatism.  This  may  be  tem- 
porally oblique,  when  the  upper  end  of  the  meridian  points  toward  the 


Fig.  437. — Mixed  astigmatism. 


temple;  or  nasally  obliquey  when  the  upper  end  of  the  meridian  inclines 
toward  the  nose.  The  percentage  a*  oblique  astigmatism  increases  with 
years,  and  varies  from  about  1 C n t cent,  in  youth  to  20  or  25  per  cent,  in 
old  age. 

Symmetric  and  Asymmetric  Axes. — The  principal  axes  in  astigma- 
tism are  symmetric  when  they  lie  in  corresponding  meridians,  i.e.,  the  axes 
are  directly  vertical  and  horizontal.  This  state  is  found  in  from  23  to  34 
per  cent,  of  all  ecses . The  axes  are  asymmetric  but  homologous  when  the 
meridians  of  greatest  refraction  incline,  one  temporally  and  the  other 
nasally,  to  vh  i same  degree. 

4S 
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Etiology. — Astigmatism  is  either  congenital  or  acquired.  It  is  con- 
genital in  the  great  majority  of  cases,  and  often  it  is  hereditary.  Xot 
infrequently  the  congenital  malformation  of  the  cornea  is  associated  with 
an  asymmetric  state  of  the  head  and  face.  This  type  of  the  error  is 
usually  regular — astigmatism  with  the  rule1 — and  remains  unchanged 
throughout  life.  Both  eyes  are  generally  affected,  but  the  amount  and 
the  axis  may  vary. 

Astigmatism  is  present  in  So  per  cent,  of  cases  of  ametropia.  The 
relative  frequency  of  astigmatism  with  the  rule  may  be  judged  by  the 
statistics  of  Schioetz  and  Xordensen  (examination  of  school-children): — 


Corneal  astigmatism,  none  0 per  cent. 

“ “ with  the  rule  77  “ “ 

“ “ against  the  rule  1 “ “ 

“ “ oblique  12  “ “ 


Fig.  438. — Regular  astigmatism  Fig.  43l Regular  astigmatism 

with  the  rule.  against  the  rule. 

The  frequency  of  astigmatism  against  the  rule  increases  gradually  to 
the  seventieth  year,  and  afterward  more  rapidly  (Steiger),  and  is  more 
common  in  females  than  in  male*3.  Java  I found  that  among  Jews  the 
error  frequently  assumes  this  unusual  direction. 

Acquired  astigmatism  ib  principally  caused  by  inflammatory  changes 
in  the  cornea,  which  lead  to  consecutive  flattening  of  the  cornea,  and  leave 
behind  them  opacities  and  cicatrices;  it  may  also  be  caused  bv  irregularity 
in  the  apposition  of  the  edges  of  the  incision  after  the  operation  of  ex- 
traction of  cataract  and  following  iridectomy.  Other  causes  are  pressure 
by  a chalazion  or  other  growth,  and  traction  by  scar  tissue  after  con- 
junctival bimis,  etc.  Tenotomy  of  one  or  more  of  the  recti  muscles  may  be 
follow  xi  by  a change  in  the  corneal  curvature.  Pterygium  is  a frequent 
cause  of  acquired  astigmatism.  Schon  and  others  have  found  astigmatism 
against  the  rule  in  from  40  to  50  per  cent,  of  glaucomatous  eyes,  as  com- 
pared with  2.2  per  cent,  in  normal  eyes.  Eissen’s  experiments  made  upon 
the  eyes  of  rabbits  show  that  increased  intra-ocular  tension  is  followed  by 
alteration  in  the  curvature  of  the  cornea.  Acquired  astigmatism  may  be 
caused  by  an  oblique  dislocation  of  the  crystalline  lens,  as  well  as  by  swell- 
ing of  the  different  sectors  of  the  lens. 
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Symptoms. — Subjective  Symptoms. — Astigmatism,  even  of  low  de- 
gree, produces  a variety  of  symptoms  which  show  the  presence  oi  eye- 
strain.  Vision  for  far  and  near  is  indistinct ; there  is  a feeling  of  weariness 
in  the  head  and  eyes;  often  there  is  pain  in  the  eyes,  in  the  temples,  in  the 
forehead,  or  in  the  neck;  continued  use  of  the  eyes  causes  drowsiness;  in- 
digestion, anorexia,  and  even  vomiting  may  occur,  and  many  of  these 
patients  are  irritable  and  “nervous.”  Such  reflex  disturbances  as  habit- 
spasm,  pseudo-chorea,  epileptiform  convulsions,  tachycardia,  neurasthenia, 
and  melancholia  are  often  produced  by  astigmatism,  even  of  low  degree. 

As  astigmatism  is  one  of  the  most  frequent  causes  of  disturbance 
of  the  extra-ocular  muscle-balance,  there  may  be  present  great  discomfort 
when  looking  at  moving  objects;  often  there  is  vertigo,  and  difficulty  in 
successively  directing  the  gaze  from  one  to  another  of  different  near  points 
whose  distances  vary.  The  objects,  before  being  fixed,  appear  indistinct 
or  double.  The  patient  is  conscious  of  his  eyes. 

Constant  distinct  vision  is  impossible  for  either  far  or  near  work, 
because  of  the  overlapping  of  the  images  of  the  different  points  of  an 
object  causing  a blur,  or  a wrong  impression  of  its  outline.  So  long  as 
astigmatism  does  not  essentially  diminish  the  acuteness  of  vision  it  is 
called  normal.  It  is  abnormal  so  soon  as  disturbance  occurs. 

If  the  eye  is  hypermetropic,  distant  horizontal  lines  will  be  seen  more 
sharply  than  the  vertical  ones,  because,  the  eyeball  being  short,  the  retina 
is  nearer  the  anterior  focal  line,  which  is  horizontal;  while  in  the  pass' *v 
myopic  eye  vertical  lines  will  be  seen  more  distinctly  than  the  hori7>n:ai 
ones,  because  the  retina  is  nearer  the  vertical  posterior  focal  line  (7  ig.  Vo'). 

When,  by  strain  of  accommodation,  the  hypermetropic  eye  makes  itself 
emmetropic,  the  vertical  lines  will  be  seen  the  most  distinctly.  A distant 
point  of  light  will  appear  as  a horizontal  oval  in  hypermetropic  eyes  in  a 
state  of  rest,  and  as  a vertical  oval  in  myopia  and  emmeiropia.  Of  course, 
this  is  true  only  when  the  shortest  curved  meridian  s ihe  vertical.  It  is 
impossible  for  the  astigmatic  eye  to  see  simultaneously,  and  with  absolute 
sharpness,  the  strokes  of  letters  which  are  at  righi  angles  to  one  another. 
Such  a patient  will  make  the  characteristic  mistake  in  reading  the  Snellen 
test-card,  mistaking  E for  P,  Z for  E,  B for  Ti,  etc.  The  letters  will  have 
a streaked  appearance. 

The  patient  will  also  assert  that  certain  radiating  lines  in  some  one 
of  the  astigmatic  charts  are  the  nio°t  plainly  seen.  If  a stenopeic  slit  be 
placed  before  the  eye  so  tin  t +ne  opening  shall  be  parallel  with  the  line 
best  seen  on  the  dial-plate,  and  if  attention  be  directed  to  the  letters,  the 
visual  acuity  will  be  foui  d to  be  less  with  the  slit  so  situated  than  it  would 
be  were  the  slit  piece:1  at  right  angles  to  this  direction.  The  blurring  of 
the  image  also  greatly  diminishes  the  range  over  which  the  patient  can 
read  small  type  Persons  suffering  until  astigmatism  often  assert  that 
they  are  able  to  see  better  at  certain  periods  of  the  day  than  at  others, 
because  che  hour-hand  and  the  minute-hand  on  the  graduated  face  of  a 
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clock  are  seen  better  either  when  in  a horizontal  or  in  a vertical  position. 
Vision  is  less  impaired  when  the  chief  meridians  are  vertical  and  horizontal 
than  when  they  are  oblique. 

Objective  Symptoms. — The  head  is  usually  twisted  to  one  side  in 
accordance  with  the  axes  of  the  principal  meridians  of  the  astigmatism. 
Continued  tilting  of  the  head  and  shoulders  is  a frequent  result  of  astig- 
matism and  is  supposed,  by  some  authors,  to  cause  lateral  curvature  of  the 
spine.  In  myopic  astigmatism  the  eyelids  are  usually  half-nipped  in  the 
effort  to  obtain  good  distance  vision,  whereas  in  hypermetropic  astigmatism 
the  eyelids  are  widely  separated.  The  conjunctiva?  are  often  congested, 
and  the  eyelids  frequently  show  blepharitis. 

Ophthalmoscopic  Appearance. — In  astigmatism  the  optic  disc  will 
appear  more  or  less  oval  instead  of  round.  In  direct  ophthalmoscopic  ex- 
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Fig.  440. — Test  object  for  iegular  astigmatism. 

animation  the  enlargement  is  greatest  in  the  meridian  of  greatest  refrac- 
tion, but  the  actual  effect  p^odu«  ed  depends  less  upon  the  difference  in  the 
apparent  length  of  the  meridians  of  the  disc  than  upon  the  contrast  be- 
tween the  sharp  definition  of  all  lines  running  parallel  with  one  principal 
meridian  and  the  ii distinctness  of  those  at  right  angles  to  this  (Fi«-  1 
Plate  IV). 

With  the  indirect  method  the  contrast  between  the  vessels  is  less 
marked,  but  the  oval  shape  of  the  disc  is  readily  seen.  When  the  object- 
lens  is  htdd  close  to  the  eye,  the  longest  diameter  corresponds  to  the 
merMiJii  of  least  refraction;  as  the  lens  is  withdrawn  from  the  eye,  the 
meridk  n of  greatest  refraction  elongates  either  actually  or  relatively  to 
th°  other  meridian,  so  that  the  disc  becomes  circular  and  then  elongated 
ii  the  other  direction.  In  high  myopia  the  nerve  wTas  described  as  pre- 
senting an  oval  appearance  due  to  its  being  viewed  obliquely. 

Diagnosis. — The  presence  of  regular  astigmatism  may  be  determined 
by  subjective  and  objective  tests. 
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I.  Subjective  Tests. — The  astigmatic  patient  makes  characteristic 
mistakes  in  reading  Snellen’s  test-types  (page  119),  or  in  viewing  the  astig- 
matic chart. 

There  are  many  different  forms  of  these  charts,  hut  the  one  most 
used  is  the  ordinary  “clock-dial”  (Fig.  440),  which  consists  of  a white  card 
with  peripheral  Roman  characters  corresponding  to  the  characters  on  the 
face  of  a clock.  From  those  figures  a series  of  three  parallel  black  lines, 
with  interspaces  of  the  same  width  as  the  lines,  cross  from  XII  to  VI,  III 
to  IX,  etc.  The  card  is  placed  on  a horizontal  line  perpendicular  to  the 
patient’s  eyes,  at  the  usual  distance,  one  eye  being  tried  at  a time.  The 
patient  is  requested  to  state  which  is  the  clearest,  the  blackest,  and  the 
most  distinct  line.  The  meridian  of  the  eve  which  corresponds  to  the 
dark  lines  selected  is  the  meridian  of  astigmatism.  The  axis  of  the 
cylinder  will  be  opposite  to  the  meridian  of  the  dark  lines.  When  the 

ABC 


Fig.  441. — Retinosc-opic  appearances  in  astigmatism.  (De  ZengJ 

A,  regular  astigmatism  with  the  rule;  B.  oblique  astigmatism;  C,  irregular  k.'Uigmatism 
with  scissors-like  movement. 


astigmatism  is  of  low  degree  it  may  not  be  recognized  by  this  means  until 
the  spheric  correction  is  placed  before  the  eye  or  aftjr  ° cycloplegic  has 
been  instilled. 

The  presence  of  astigmatism  should  be  suspected  whenever,  in  the 
absence  of  organic  disease  of  the  eye,  sphere  lenses  do  not  bring  visual 
acuity  to  the  normal. 

II.  Objective  Tests. — Astigmatism  Ccui  be  recognized  objectively  by 
means  of  keratometry  (page  116),  retinoscopy  (page  148).  and  ophthal- 
moscopy (page  142). 

Irregular  astigmatism  is  determined  by  the  lowered  acuity  of  vision, 
monocular  diplopia,  and  pcHopia, — the  apparent  deformity  of  objects 
looked  at, — and  by  the  oplnhalmoscopic  appearance  of  the  fundus  oculi,  the 
details  of  which  appear  elongated,  compressed,  or  stretched,  changing  in 
shape  as  it  is  viewed  ihrcugh  different  parts  of  the  cornea.  If  caused  by 
conic  cornea,  the  ophilialmoscope  will  show  a circular  shadow  surrounding 
the  central  per*  of  the  red' from  the  fundus.  The  keratoscope  may  also 
be  used.  1 neges  reflected  from  the  cornea  are  irregular  and  distorted 
(see  Fig.  82  page  94). 
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Scissors -like  Movement. — Mention  has  been  made  elsewhere  (page  150)  of  a 
retinoscopic  phenomenon  in  which  two  bands  of  light  occupy  the  pupillary  area,  in  or 
close  to  the  horizontal  meridian.  (C,  in  Fig.  441.)  With  the  vertical  tilting  of  the 
mirror  the  bands  approach  like  the  blades  of  a pair  of  scissors  until  they  meet.  The 
phenomenon  is  found  in  a special  form  of  irregular  astigmatism  which  Jackson  at- 
tributes to  obliquity  or  imperfect  centring  of  one  or  more  of  the  dioptric  surfaces. 
Probably  it  is  often  due  to  an  obliquity  in  the  position  of  the  crystalline  lens 
(Jackson).  Eyes  presenting  the  scissors-like  movement  should  be  examined  with 
great  care.  Thorington  advises  that  the  surgeon  first  measure  the  horizontal  meri- 
dian, and  then  add  concave  cylinders  with  the  axis  at  180  degrees  until  the  move- 
ment is  neutralized.  The  prescription  for  such  an  error  will  call  for  a convex  spheric 
and  a concave  cy limbic  lens. 

Measurement  of  the  Amount  of  Astigmatism. — Since  astigmatism 
depends  on  inequality  in  the  curvature  of  the  cornea,  it  might  be  supposed 
that  its  amount  could  be  determined  accurately  by  keratometry  alone,  and 
that  the  use  of  a cycloplegic  would  be  unnecessary.  Such  a conclusion, 
however,  would  be  erroneous.  The  findings  by  the  keratometer  often  will 
be  inaccurate,  for  reasons  which  have  been  explained  (page  118) 

Here,  as  elsewhere  in  refraction  work,  to  obtain  accurate  .’esu  ts  the 
accommodation  must  be  paralyzed — preferably  by  a tropin.  Trmr  to  using 
a cycloplegic  the  keratometer  should  be  used  (page  lib)  tu  measure  the 
error,  and  the  result  should  be  recorded.  Under  cycloplegia,  retinoseopy 
should  he  employed  and  the  findings  noted.  XexL  /he  trial  lenses  should 
he  used  and  a notation  made  of  the  result.  By  such  means  the  amount  of 
the  error  and  the  axes  of  the  principal  meridians  can  be  determined. 

An  expert  ophthalmoscopist,  using  a reaction  ophthalmoscope,  can 
measure  astigmatism  with  a fair  degree  of  success,  but  he  cannot  use  the 
macula  as  a test  object  because  the  mac  da  has  no  (visible)  vessels.  Hence 
the  vessels  emerging  from  the  optic  Jisc  are  taken  as  the  objective  points. 
Since  these  vessels  present  main  variations  in  their  course,  it  may  be 
impossible  to  find  those  who?e  course  coincides  with  the  direction  of  the 
chief  meridians.  Xor  is  Mbs  die  only  objection  to  the  ophthalmoscopic 
measurement  of  astisun  itu  m.  The  chief  cause  of  error  lies  in  the  in- 
ability of  the  surgeon  to  relax  his  accommodation  completely.  In  using 
the  ophthalmoscope  loi  this  purpose,  the  strongest  convex  or  the  weakest 
concave  glass  with  which  the  vessel  is  seen  is  the  measure  of  ametropia 
in  the  particular  meridian  at  right  angles  to  the  vessel.  In  using  trial 
lenses  it  is  advisable  to  follow  a systematic  plan.  In  all  cases  of  hvper- 
metropla  oml  myopia,  after  the  best  visual  acuity  has  been  obtained  by 
spheric  ^nses,  the  surgeon  should  rotate  a weak  cylindric  lens  placed  in 
front  of  the  spheric  correction,  while  the  patient  notes  the  effect  upon 
(I;  the  test-types  and  (2)  the  astigmatic  dial. 

Treatment. — Astigmatism  should  be  corrected  by  glasses  whenever  it 
produces  symptoms,  no  matter  how  small  the  amount  of  error.  In  weak, 
sickly,  and  neurasthenic  subjects,  asthenopia  is  often  produced  by  degrees 
of  astigmatism  which  would  pass  unnoticed  in  healthy  and  vigorous  in- 
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dividuals.  Small  amounts  of  astigmatism  are  always  to  be  corrected  in 
case  the  patient  must  wear  glasses  for  other  reasons,  e.g.,  in  presbyopia. 

In  ordering  glasses  for  the  different  forms  of  astigmatism,  while  no 
fixed  rules  can  be  formulated,  the  following  methods  will  generally  be 

acceptable: — . # # • 

1.  In  simple  myopic  astigmatism,  and  in  mixed  astigmatism,  the  full 
correction  should  he  ordered,  as  a rule.  However,  if  the  patient  has  a 
high  degree  of  mixed  astigmatism,  and  has  never  worn  glasses,  it  will  be 
advisable  to  reduce  both  the  concave  and  the  convex  cylinder  (assuming 
that  crossed  cylinders  are  ordered)  by  0.25  D.  or  even  0.50  D.  After  a 
few  months  of  use,  should  asthenopic  symptoms  reappear,  the  full  cor- 
rection  should  be  given. 

2.  In  simple  hypermetropic  astigmatism  the  full  correction  is  oideied 
for  delicate,  asthenopic  patients.  For  robust  persons,  a reduction  of  0.25 
to  0.50  D.  will  often  be  worn  with  more  comfort  than  the  full  correction. 

3.  In  compound  myopic  astigmatism  the  full  correction  should  be 
given  for  far  work,  with  a reduction  in  the  spheric  correction  for  near 
work. 

4.  In  correcting  compound  hypermetropic  astigmatism  the  cylinder 
should  be  ordered  full,  combined  with  as  much  of  the  sphere  correcting  the 
hypermetropia  as  is  necessary  to  secure  normal  muscle-balance  for  both 
distance  and  near.  In  many  cases,  especially  if  the  astigmatism  be  of 
high  degree,  or  if  the  axes  of  the  cylindric  lenses  are  oblique  and  asymme  - 
ric.  the'distortion  of  objects  produced  by  the  correction  of  the  error 
annoying  to  the  patient  that  it  may  be  necessary  to  give  only  a l artial 
correction,  and  gradually  increase  the  strength  of  the  lens  until  the  full 
amount  that  was  found  during  the  cyc-loplegic  examination  has  been 
reached.  At  times,  especially  in  old  subjects,  in  order  to  make  the  patient 
comfortable,  it  may  be  necessary  to  omit  the  cylindric  corrections. 

5.  As  a rule,  in  making  the  post-eyeloplegic  ,es  in  hypermetropic 
astigmatism  the  full  correction  should  be  piec'd  before  the  eye,  the 
strength  and  axis  of  the  cylindric  lens  not  being  changed,  but  the  spheric 
lens  may  be  weakened  until  full  acuity  of  rision  is  obtained,  as  in  the 
treatment  of  hypermetropia.  In  a few  r.  >-e  cases  the  post-cycloplegic  axis 
must  be  the  permanent  one  that  is  iW.  In  order  to  give  good  vision 
and  restore  muscle-balance  it  ma'’  be  necessary  to  give  one  correction  for 

distance  and  another  for  near  u oik. 

6 The  accurate  grimi  ng  *ff  lenses,  and  the  careful  adjustment  of 
frame's,  is  of  the  utmost  importance.  The  wearing  of  an  ill-fitting  frame 
will  nullify  the  efforts  cf  the  surgeon. 

Irregular  astig'auUs.n.  requires  treatment  only  when  the  vision  is  very 
much  reduced  a*  the  result  of  irregularities  of  the  corneal  surface  from 
ulcers  and  eiea.rio-es.  It  may  be  possible  to  find  one  meridian  of  regular 
curvature  and  by  means  of  a cylindric  lens  vision  may  be  improved.  Vision 
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is  sometimes  improved  by  stenopeic  spectacles.  An  iridectomy  may  be 
useful  by  displacing  the  pupil  toward  a more  regular  portion  of  the  cornea. 

Operative  Treatment.— From  time  to  time  the  surgical  treatment 
of  astigmatism  has  been  advocated,  the  meridian  of  greatest  refraction 
being  attacked.  Borsch  has  incised  the  cornea  with  a von  Graefe  knife, 
and  Bates  and  Laus  have  used  the  galvano-cautery  to  produce  a wound 
two-thirds  the  thickness  of  the  cornea.  These  operations,  which  are  done 
in  the  hope  that  flattening  of  the  affected  meridian  will  occur,  have  not 
met  with  general  favor. 

Notation  of  the  Axis  of  a Cylindric  Lens. — In  prescribing  a cylindric 
lens  it  is  necessary  that  the  axis  should  be  indicated.  At  present  there  is 
not  a system  universally  used  for  this  purpose.  In  this  country  the  zero  is 
placed  at  the  end  of  the  horizontal  meridian  at  the  patient's  left,  and  the 
degrees  are  counted  on  an  upper  semicircle  to  180°  at  his  right.  In 
European  countries  it  is  customary  to  place  the  zero  at  the  top  of  the 
vertical  meridian  and  to  count  90°  each  way,  nasally  and  temporally.  This 
system  requires  an  extra  notation  to  show  whether  the  degree  is  toward 
the  nose  or  the  temple. 

In  a third  system,  which  was  recommended  by  the  International 
Ophthalmological  Congress  in  1909,  the  notation  in  each  j uns  from  0 
at  the  nasal  to  180°  at  the  temporal  side. 

APHAKIA. 

definition. — By  aphakia  we  mean  an  absence  of  the  crystalline  lens 
from  the  pupillary  area.  If  the  lens  has  >v  luxation  or  depression  en- 
tirely disappeared  from  the  plane  of  the  pupil,  even  though  it  be  still  pres- 
ent in  the  eye,  the  condition  is  termed  uph&kia.  Partial  luxation,  causing 
the  equator  of  the  lens  to  correspond  w the  plane  of  the  pupil,  is  not 
aphakia. 

AA  hen  the  crystalline  lens  absent  the  power  of  accommodation  is 
abolished.  The  lens,  when  in  normal  position,  possesses  an  optical  strength 
of  about  11  D.  Absence  of  lens,  therefore,  in  an  eye  previously  emme- 
tropic would  create  an  hypermetropia  of  11  D.  The  only  eyes  that  do  not 
become  hypermetropic  ui  on  losing  the  lens  are  those  which  are  myopic  11 
I).  or  more. 

It  is  claimed  by  some  that  in  the  lensless  eye  there  is  still  a part  of 
accommodation  which  is  dependent  upon  the  action  of  the  ciliary  muscle 
in  diminishing  the  radius  of  curvature  of  the  cornea.  The  apparent  accom- 
modation found  in  some  cases  after  cataract  operation  is,  however,  probably 
due  either  to  a slight  shifting  of  the  correcting  lens,  causing  an  increase  ill 
th°  distance  between  the  glass  and  the  eye,  or  to  a narrowing  of  the  pupil 
in  thj  effort  to  see  near  objects,  with  consequent  diminution  of  the  circles 
of  diffusion. 

Etiology.— Aphakia  may  be  congenital,  but  it  is  most  frequently  pro- 
duced as  a consequence  of  the  resorption  of  the  lens,  either  accidental  or  as 
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the  result  of  operation,  and  also  as  the  result  of  the  operation  of  extraction 
of  a cataractous  lens. 

Symptoms. — The  aphakic  eye  can  see  clearly  only  at  the  distance  for 
which  it  is  adapted  by  the  length  of  its  axis  and  the  curvature  of  its  cornea, 
with  or  without  the  aid  of  spectacles.  The  acuteness  of  vision  is  usually 
imperfect  in  aphakia  following  cataract  extraction,  due  to  turbidity  of  the 
area  of  the  pupil  from  a slight  deposit  on  the  inner  surface  of  the  capsule 
of  the  lens.  There  is  generally  an  increase  in  the  depth  of  the  anterior 
chamber.  The  iris,  deprived  of  its  support,  no  longer  bulges  forward,  as 
in  the  healthy  eye.  There  is  a certain  degree  of  trembling  (iridodonesis) 
with  each  sudden  movement  of  the  eye,  unless  the  iris  be*rigid  or  adherent 
to  the  remains  of  the  lens  or  its  capsule.  But  none  of  these  phenomena  is 
characteristic. 

The  most  decisive  symptom  of  aphakia  is  the  absence  of  the  crystal- 
line reflexes  of  Purkinje’s  images.  In  addition,  in  the  normal  eye  the 
sectors  and  the  direction  of  the  fibres  of  the  crystalline  lens  are  easily  seen 
on  lateral  illumination  with  light  concentrated  by  a lens,  particularly  with 
the  aid  of  a strong  magnifying  glass.  Where  these  are  wanting  we  may 
infer  absence  of  the  lens.  Finally,  a very  high  degree  of  hypermetropic, 
and  a considerably  weaker  refraction  in  one  eye  than  in  the  other,  in  con- 
nection with  the  form  of  the  eye,  render  probable  the  existence  of  aphakia. 

Diagnosis. — Absence  of  the  lens  is  to  be  diagnosed  accurately  only  by 
observing  that  the  two  images  of  Purkinje  reflected  from  the  lens  are  no.- 
present,  and  also  by  the  inability  to  see  the  sectors  and  direction  (/  vhe 
fibres  of  the  lens  on  lateral  illumination.  It  may  also  be  suspect  :d  by  rtie 
deep  anterior  chamber,  trembling  of  the  iris  with  sudden  movement  of  the 
eye,  and  when  after  a blow  or  knock  upon  the  eye  the  acuity  c*  vision  has 
suddenly  diminished,  associated  with  a much  higher  hypennotropia  than 
that  of  the  fellow-eye  without  very  manifest  disturbances  in  the  organ,  and 
by  absence  of  accommodation. 

Treatment. — Aphakia  following  removal  of  the  crystalline  lens  causes 
an  hypermetropia  of  about  11  D.  in  the  emmetropic  eye.  If  the  eye  has 
been  previously  myopic,  the  hypermetropia  v:11  he  reduced.  The  hyper- 
metropia thus  produced  can  be  usually  corrected  for  distance  vision  by  a 

10  D.  glass.  A glass  having  a focus  o*  16  to  25  centimetres  added  to  the 
above  will  be  required  for  near  work.  Astigmatism  should  be  sought  for 
and  should  be  corrected. 

P?i£SBYOPIA. 

Definition. — Presbyopia  is  the  condition  of  any  eye  in  which,  as  the 
result  of  age,  the  ranfft  of  accommodation  is  diminished  and  the  punctum 
proximum  is  removed  beyond  twenty-two  centimetres  (eight  inches). 

Etiology. — au  birth  the  lens  is  soft,  elastic,  and  perfectly  transparent, 
and  so  nearly  of  the  same  index  of  refraction  as  the  aqueous  humor  that 
in  children  it  often  difficult  and  sometimes  is  impossible  to  demonstrate 
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its  presence  by  means  of  oblique  light.  It  rapidly  becomes  more  dense, 
especially  the  nucleus  and  the  parts  immediately  surrounding  it,  until,  after 
twenty  years  of  age,  it  acquires  a faint  straw-yellow  color,  even  though 
the  lens  is  transparent,  until  it  has  become  almost  of  an  amber  color,  the 
nucleus  increasing  at  the  expense  of  the  cortical  substance.  The  result 
of  this  is  a diminution  in  the  elasticity;  so  that,  even  in  early  youth,  the 
lens  is  less  capable  of  swelling  and  changing  its  curvature  than  it  was  in 
infancy.  However  energetic  the  contraction  of  the  ciliary  muscle  may  be. 
and  however  complete  the  relaxation  of  the  zonula  of  Zinn,  the  form  of 
the  lens  varies  less  and  less  under  their  influence;  and,  with  its  convexity,  its 
refraction,  during  the  extreme  effort  of  accommodation,  differs  less  and 
less  from  that  which  it  possesses  when  the  eyes  are  at  rest.  In  other  words, 
the  range  of  accommodation  diminishes  as  age  advances.  Associated  with 
the  progressive  increase  in  the  rigidity  of  the  lens  there  is  late  in  life  a 
weakness  or  even  an  atrophy  of  the  ciliary  muscle,  which  is  an  important 
factor  in  the  causation  of  presbyopia. 

The  range  of  accommodation  diminishes  scarcely,  if  at  all,  more  rapidly 
from  much  close  work  than  it  does  in  agriculturists,  sailors,  and.  others 
who,  for  the  most  part,  look  at  distant  objects.  The  same  is  +rue  of  the 
frequent  use  of  the  microscope  or  a magnifying  glass  as  is  required  in  the 
work  of  engravers  and  watchmakers;  the  regular  cou'se  of  the  range  of 
accommodation  is  maintained  despite  much  or  little  tension.  In  eyes  pre- 
disposed to  myopia  much  near  work  easily  render-  them  more  myopic,  but 
it  has  no  influence  on  the  range  of  accommodcPon.  There  are  morbid 
conditions  which  cause  the  range  of  accommodation,  and  sometimes  also 
the  amount  of  refraction,  to  diminish  1 ore  rapidly  than  usual:  general 
debility,  the  result  of  exhausting  dise  ises,  and  premature  old  age. 

If  a person  has  quickly  and  repeatedly  to  strengthen  his  glasses,  we 
should  suspect  the  presence  of  glaucoma.  The  commencement  of  cataract 
also  appears  to  hasten  presbyopia  j robably  through  more  rapid  hardening 
of  the  crystalline  lens  interfering  with  its  mutability  of  form.  Paresis  or 
paralysis  of  accommodation  interferes  prematurely  with  the  vision  of  near 
objects.  Any  disease  that  interferes  with  the  nutrition  of  the  lens  will 
eventually  limit  its  p°v.  er  to  become  more  convex  during  accommodative 
effort.  Also  any  O’ "ease  which  weakens  the  ciliary  muscle  will  hasten  the  ad- 
vent of  presbyopia. 

Symptom*-  -The  actual  fall  of  the  accommodative  power  with  the  age 
and  the  range  of  accommodation  for  each  period  of  life  is  very  well  demon- 
strate! by  Donders’s  diagram  (Fig.  442).  The  figures  on  the  left  give  the 
respective  distances  for  which  the  eye  can  be  accommodated,  those  below 
infinity  being  so  marked  as  to  express  the  distance  at  which  the  convergent 
v.ys,  for  which  the  eye  is  adapted  in  old  age,  would  come  to  a focus  behind 
its  nodal  point.  The  black  curved  line  indicates  the  actual  position  of  the 
near  point  at  each  time  of  life,  as  specified  in  numbers  at  the  top  of  the 
table.  The  vertical  lines  joining  the  near  and  the  far  points  give  the  entire 
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range  of  accommodation.  On -the  left-hand  side  are  the  equivalents  in 
dioptres. 

It  is  for  emmetropia  that  this  scheme  was  originally  drawn.  Hence 
the  line  commences  at  the  zero-point  of  tire  division.  It  is  straight  and 
coincident  with  the  zero-line  until  just  before  reaching  the  vertical  line 
corresponding  with  the  age  55  years,  where  it  commences  to  descend  and 
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Y\(r.  442. — Range  of  acooiUi  odation  at  various  ages.  (Donders.) 


enters  the  negative  poition  of  the  diagram.  The  position  of  the  punc- 
tilio remotum  does  not  change  until  the  age  of  55  years,  when  it  changes 
its  position  and  passer  from  infinity  to  the  rear  of  the  eye.  I he  emmetrope 
commences  to  sect  hypermetropic,  the  myope  notices  a decrease  in  the  myopia 
proportionate  with  the  recession  of  his  near  point,  and  the  hypermetrope  i> 
conscious  of  ?n  annoying  increase  in  his  hypermetropia.  Emmetropia  ami 
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ametropia,  without  regard  to  the  degree  of  the  latter  are  alike  subject  to 
the  laws  governing  the  range  of  accommodation. 

If  we  consider  presbyopia  as  commencing  when  the  near  point  is  re- 
moved beyond  22  centimetres.-  which  is  equal  to  4.5  dioptres  of  positive 
refraction,  then  it  will  be  seen  by  referring  to  Donders’s  diagram  (Fig.  442) 
that  myopes  of  over  7 dioptres  can  never  become  presbyopic,  for  even  with- 
out accommodation  they  see  at  142  millimetres  up  to  the  age  of  50  years, 
and  up  to  the  age  of  G4  by  adding  to  it  their  dynamic  refraction.  Even  at 
the  age  of  80,  when  there  is  no  longer  any  dynamic  refraction  and  the  static 
has  diminished  2.5  dioptres,  they  still  have  remaining  7 — 2.5  = 4.5  diop- 
tres with  which  to  see  at  the  required  distance  of  22  centimetres  (8  inches). 
Myopes  of  lower  degree  than  7 dioptres  become  presbyopic,  but  earlier  or 
later,  according  to  the  degree  of  their  myopia. 

The  emmetrope  becomes  presbyopic  at  40  years  of  age.  The  diagram 
shows  that  at  this  age  the  punctum  proximum  is  at  4.5  dioptres.  From  this 
t-imq  on,  the  amount  of  positive  refraction  which  the  eve  needs  in  order  to 
have  the  requisite  4.5  dioptres  must  be  supplied  by  convex  lenses. 

The  hypermetrope  becomes  presbyopic  sooner  in  proportion  < s li  s hy- 
permetropia  is  of  higher  degree.  Thus,  a hypermetrope  of  dioptres  is 
presbyopic  at  the  age  of  25  years,  because,  in  order  to  at  ain  the  required 
4.5  dioptres  of  refraction,  he  must  have  4 + 4.5  = 8.5  umpires  of  dynamic 
to  fraction,  and  it  is  only  up  to  the  age  of  25  that  his  accommodation  is  so 
strong  as  that  (Fig.  442).  When  the  hypermetropia  is  of  higher  degree, 
presbyopia  manifests  itself  still  earlier. 

Thus  it  is  seen  that  if  we  were  to  restrict  the  term  presbyopia  to  the 
position  of  the  uncorrected  near  point,  the  meaning  of  the  word  would  be 
contradictory,  for,  as  lias  been  shown,  the  higher  the  degree  of  hyperme- 
tropia,  the  earlier  in  life  would  the  eye  become  presbyopic,  which  term  must 
lead  to  considerable  confusion.  But  the  hypermetrope  is  presbyopic  only 
as  soon  as,  in  the  use  of  glasses  which  neutralize  the  hypermetropia,  the 
near  point  lies  farther  from  Hie  eye  than  22  centimetres  (8  inches). 

The  following  table  ‘ho  vs  the  near  point  and  amplitude  of  accommo- 
dation in  dioptres  fr  mi  'IU  to  75  years,  with  5-vear  intervals : 


Year. 


Near  Point.  Dioptres. 


Year. 


Near  Point.  Dioptres. 


10. 

15. 

20. 

25. 

30. 

35. 

40 


14 

12 

10 

8.5 


45, 

50 

55 

00 

65, 

70. 

75. 


28  cm 
40 

55  “ 


3.5 

2.5 
1.75 


i0 

12 

14 

18 

22 


100 

133 

400  “ 


0.75 

0.25 


5.5 

4.5 


first,  of  course,  no  inconvenience  is  experienced  from  this  gradual 
lecession  of  the  near  point  ; we  do  not,  in  fact,  notice  it  until  the  distance 
is  so  considerable  that  we  cannot  easily  distinguish  small  objects.  Seldom 
do  we  hear  that  close  reading  and  work  cause  fatigue.  The  complaint  is 
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rather  that  vision  is  not  accurate;  the  letters  are  not  easily  distinguished; 
numbers  are  confounded;  a stroke  is  seen  double.  If  we  place  small  print 
in  the  hand  of  such  a presbyopic  person,  he  begins  by  holding  the  book  too 
close  to  his  eye,  and  does  not  distinguish ; he  subsequently  very  pathogno- 
monically  moves  the  book  forward  and  the  head  backward,  seeks  a bright 
light,  complaining  of  even  ordinary  print.  Often,  he  may  either  hold 
the  letters  between  the  light  and  himself  or  so  place  them  that  a strong 
light  shall  fall  both  on  the  eye  and  on  the  printed  page,  not  so  much  because 
the  retinal  images  are  by  it  more  strongly  illuminated,  but  because  the  pupil 
contracts;  the  circles  of  diffusion  thereby  become  smaller  and  the  retinal 
images  less  diffused.  Therefore,  also,  the  individual  first  perceives  some 
difficulty  in  twilight,  unless  it  be  particularly  strong.  Inconvenience  would 
have  arisen  even  earlier,  if  the  diminution  of  accommodation  had  not  been 
accompanied  with  diminution  of  the  diameter  of  the  pupil.  Thus,  also, 
the  small  pupil  of  the  old  man  makes  the  loss  of  the  power  of  accommoda- 
tion lighter  to  him : to  this  he  is  indebted  for  the  fact  that,  even  for  dis- 
tances for  which  he  is  not  accurately  accommodated,  he  still  distinguishes 
tolerably  well. 

In  full  daylight  in  the  open  air  a person  can  often,  even  in  advanced 
presbyopia,  read  ordinary  type,  and  this  always  succeeds  on  looking  through 
a small  opening. 

Diagnosis. — Presbyopia  is  indicated  by  the  age  of  the  patient;  the 
position  of  the  near  point ; history  of  good  distance  vision  and  inability  o 
see  near  small  objects  distinctly,  being  obliged  to  remove  them  farther  from 
the  eye,  or  even  to  seek  a bright  light,  and  to  hold  reading  matter  ; t ai  un- 
comfortable distance. 

Treatment. — Having  determined  from  the  tests  given  thai  the  symp- 
toms complained  of  by  the  patient  are  due  to  a weakening  of  accommodative 
power,  which  prevents  the  patient  using  his  eyes  with  omfort  for  near 
work  at  a comfortable  distance,  this  deficiency  must  he  made  up  by  sub- 
stituting a convex  glass  of  sufficient  strength  which  will  enable  him  to  use 
his  eyes  with  comfort  and  safety  at  the  necessary  distance. 

As  a rule,  in  the  emmetropic  eye  the  glass  necessary  to  enable  the  pa- 
tient to  work  comfortably  at  thirty-three  cer^1’ metres  (thirteen  inches)  will 
be  a + 1 H.  spheric  lens  at  the  age  o*  45  years,  a + 2 sphere  at  50  years  of 
age,  a -f-  2.50  sphere  at  55  years,  and  -j-  3 sphere  at  60  years  or  over.  This 
rule,  as  has  been  said,  is  applicable  only  to  the  emmetropic  eye.  Any 
existing  ametropia  must  first  bt  \erv  carefully  sought  after  and  corrected, 
to  which  correction  the  above  ;s  added.  For  example,  if  there  is  an  hyper- 
metropia  of  2 D.  at  45  years  of  age,  there  should  be  a -f-  1 sphere  added, 
which  would  make  the  collection  a + 3 D.  sphere. 

All  presbyopia  hjq^rmetropes  should  have  a glass  which  represents  the 
sum  of  the  presbyop'a  and  the  hvpermetropia. 

In  myorn  the  amount  may  be  considered  the  equivalent  to  a convex 
glass  for  the  correction  of  presbyopia;  consequently  a patient  having  a 
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myopia  of  1 D.  would  not  require  any  glass  for  near  work  until  lie  had 
reached  the  age  of  50  years,  when  he  would  require  a + 1 sphere.  A myope 
of  3.5  D.  will  not  require  a glass  for  his  presbyopia,  since  he  will  always 
he  able  to  read  at  his  far  point  (thirty  centimetres).  In  higher  degrees 
of  myopia  it  will  be  necessary  to  weaken  the  full  correction  until  the  patient 
can  see  near  objects  clearly.  It  will  be  found  impossible  to  force  the  patient 
to  read  at  thirty-three  centimetres,  because  of  the  reduction  of  acuity  of 
vision,  which  compels  him  to  hold  print  closer  to  the  eye  to  enable  him 
to  see  clearly.  Frequently  high  myopes  will  read  more  comfortably  without 
any  glass,  holding  the  print  close  and  using  only  one  eye  at  a time. 

In  simple  myopic  astigmatism  a convex  cylinder  of  a strength  equal  to 
the  concave  cylinder  with  its  axis  reversed  will  enable  the  patient  to  read. 
For  instance,  if  he  requires  a — 1 cyl.  (axis,  180°)  for  distance,  a + 1 cyl. 
(axis,  90°)  will  be  required  for  near  vision  at  45  years  of  age.  At  50  years 
of  age  a + 1 sph.  3 + 1 cyl.  (axis,  90°),  and  at  60  years  of  age  a + 2 sph. 
3 + 1 cyl.  (axis,  90°)  will  be  necessary. 

Compound  myopic  astigmatism  amounting  to  several  dioptres  will  re- 
quire a reduction  of  the  spheres  only,  leaving  the  cylinder  unchanged.  In 
lower  degrees  of  compound  myopic  astigmatism  the  combin+oi;  would  be 
different;  for  instance,  if  distance  vision  required  — 0.50  .;r>h.  3 — 1 cyl. 
(axis,  180°  )•'  at  45  years  of  age,  he  would  require  — 0.50  fcph.  3 + 1 cyl. 
(axis,  90°)  ; at  50  years  his  requirement  would  be  4-  0.50  sph.  3 + 1 cyl. 
(axis,  90°). 

In  mixed  astigmatism  the  combination  — 1 >ph.  3 + 2 cyl.  (axis, 
90°)  for  distance  will  require  at  45  years  oi  agj  + 2 cyl.  (axis,  90°)  ; at 
50  years,  -f-  1 sph.  3 + 2 cyl.  (axis,  9o°). 

It  is  best  to  place  the  distance  am  n *ar  correction  in’  separate  frames 
so  that  the  optical  centres  of  the  glasses  can  be  made  to  correspond  to  the 
visual  lines  when  looking  at  a distance  and  when  using  the  eyes  for  near 
work;  otherwise  there  would  b*.  considerable  prismatic  deviation  and  dis- 
tortion of  objects  produced  by  the  cylindric  lenses. 

The  rule  of  adding  1,  2,  or  3 dioptres  to  the  ametropic  correction  ac- 
cording to  the  age  >f  the  patient  will  answer  when  the  patient  wishes  to 
use  his  eyes  at  thirty-three  centimetres,  but,  as  in  the  case  of  bookkeepers, 
musicians,  carpenters,  and  those  persons  following  any  occupation  in  which 
it  will  require  a longer  range,  as  well  as  in  those  in  which  the  object  must 
be  held  closer,  as  with  the  engraver,  goldsmith,  and  embroiderer,  the  dis- 
tance aL  which  the  work  is  placed  must  be  ascertained,  and  a glass  should 
be  given  whose  focal  length  will  be  somewhat  greater  than  the  distance 
required. 

Great  care  must  be  taken  not  to  give  too  strong  a glass  for  the  correc- 
tion of  presbyopia.  A strong  glass  enables  the  eye  to  see  distinctly  without 
accommodative  effort,  but  at  a distance  which  makes  considerable  demand 
on  the  convergence.  It  is  better  to  use  the  weakest  glass  that  gives  the  re- 
quired vision  and  have  the  optical  centres  set  a little  closer  together  than 
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the  centres  of  the  pupils,  the  lenses  thus  acting  as  weak  prisms  with  their 
bases  inward,  thereby  diminishing  the  convergence  necessary  for  binocular 
fixation,  while  they  lessen  the  strain  on  the  accommodation  and  bring  the 
near  point  closer. 

ANTIMETROPIA  AND  ANISOMETROPIA. 

Definition. — Antimetropia  means  a different  kind  of  refraction  in  the 
two  eyes.  It  does  not  have  reference  to  the  amount  of  the  error  of  refrac- 
tion. One  eye  may  be  emmetropic,  hypermetropic,  or  myopic  (hypometro- 
pic),  while  the  other  eye  is  hypermetropic,  myopic  (hypometropic),  or 
emmetropic. 

Anisometropia  means  an  unequal  amount  or  degree  of  the  same  kind 
of  refraction  error  in  the  two  eyes.  According  to  this  definition,  both 
eyes  must  be  hypermetropic,  myopic  (hypometropic),  or  astigmatic,  but 
one  is  more  so  than  the  other. 

Etiology. — Antimetropia  or  anisometropia  may  he  congenital  or  ac- 
quired. The  difference  in  the  development  of  the  two  eyes  is  usually  as- 
sociated with  a similar  inequality  between  the  corresponding  orbits  and 
the  two  halves  of  the  head.  At  the  side  where  the  strongest  refraction 
occurs  the  orbit  is  situated  closer  to  the  median  line,  and  its  surrounding- 
edges  are  placed  more  forward.  But  the  connection  is  not  absolute,  for 
the  orbits  may  differ  in  form  and  position,  while  the  two  eyes  may  be 
emmetropic.  It  may  even  be  that  the  less  refracting  eye  corresponds  to 
the  more  prominent  side  of  the  forehead,  the  more  projecting  cheek-lxue 
and  the  larger  side  of  the  chin.  Acquired  antimetropia  is  limited  chiefly 
to  aphakia  and  to  loss  of  accommodation  in  one  eye. 

It  is  hardly  possible  that  one  eye  may  become  myopic  in  consequence 
of  its  exclusive  employment  for  near  vision,  while  the  other  remains  hyper- 
metropic, for  the  organ  which  does  not  participate  in  vision  partakes  of 
the  fatigue  of  its  mate,  and  an  eye  excluded  from  vision  and  deviated  may 
become  more  staph y lorn atous  and  more  myopic  tha  • its  fellow  which  is 
constantly  active.  The  congenital  predisposition  to  myopia  is  lacking  in 
the  active  eye  which  has  remained  hypermetropic,  while  the  other  has 
become  myopic. 

Vision  in  antimetropia  or  anisometropia  may  be  possible  in  three 
ways : — 

1.  Binocular  vision.  An  ant  hoe  trope  or  anisometrope  almost  always 
makes  the  same  effort  of  accommodation  on- both  sides.  He  combines  the 
distinct  retinal  image  of  the  stronger  eye  with  the  diffuse  image  of  the 
other.  The  difference  between  the  two  retinal  images  may  be  great  ( — 6 
D.  or  more)  without  thtdr  ceasing  to  be  united  in  one  stereoscopic  impres- 
sion. But  we  usually  abstract  from  tire  one  eye  more  easily  than  from  the 
other. 

2.  Vision  v it.i  each  of  the  two  eyes  alternately.  This  occurs  espe- 
cially when  on  » of  them  is  emmetropic  and  the  other  is  moderately  myopic, 
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and  when  each  possesses  a good  visual  acuteness.  The  former  is  used  in 
distant  vision  and  the  other  for  seeing  near  at  hand. 

3.  Constant  exclusion  of  the  one  eye,  and  always  the  same  eye.  This  is 
especially  the  case  when  not  alone  the  refraction,  hut  also  the  visual  acute- 
ness, of  the  two  eyes  is  very  different.  There  is  then  usually  divergence  if 
myopic,  or  convergence  if  hypermetropic. 

In  the  deviation  inward  the  field  of  vision  is  diminished  in  the  deviated 
eye  and  falls  more  over  the  other.  This  may  produce  confusion;  therefore 
we  mentally  neglect  the  impressions  received  in  the  deviated  eye,  which 
consequently  becomes  amblyopic.  In  the  deviation  outward  only  a small 
portion  of  the  field  of  vision  is  common.  Therefore  the  power  of  vision  is 
generally  tolerably  satisfactorily  maintained,  even  though  the  eye  is  not 
used. 

Diagnosis. — The  presence  of  antimetropia  or  of  anisometropia  may  be 
determined  by  the  facial  asymmetry,  by  the  difference  of  the  position  of 
the  near  and  far«point  of  the  two  eyes,  and  by  the  same  tests  as  are  applied 
to  errors  of  refraction  previously  mentioned. 

Treatment. — In  antimetropia  with  binocular  vision,  if  on  3 of  tie  eyes 
is  emmetropic  and  the  other  is  ametropic,  glasses  should  ro\  be  given  for 
distance  vision  unless  the  ametropic  eye  has  the  better  visum.  For  near 
work  the  patient  should  be  given  for  both  eyes  the  gioss  required  by  the 
emmetropic  eye.  Antimetropia  is  never  corrected  bv  unequal  action  of 
the  ciliary  muscle. 

If  both  eyes  are  ametropic  and  the  difiereict  is  not  greater  than  1.50 
D.,  with  good  vision  in  both  eyes,  we  may  equalize  the  refraction  by  giving 
the  glasses  which  correct  each  eye.  If  th«  ametropia  is  greater  than  1.50  D., 
we  find  which  is  the  working  eye  and  correct  the  ametropia,  the  same  amount 
being  given  to  the  other  eye. 

If  there  is  antimetropia  without  binocular  vision,  one  eye  being  myopic 
4 D.  and  the  other  emmetrcpv,  the  patient  will  use  the  emmetropic  eye 
for  distance  and  the  myopic  eye  for  near  work,  never  having  to  wear  glasses. 

If  both  eyes  are  mjopm  we  should  give  each  the  correcting  glass  of  the 
weaker  eye. 

If  both  eyes  are  hypermetropic,  and  the  more  hypermetropic  one  is  used 
for  distance  vision  each  eye  is  given  the  correcting  glass  of  the  strongest 
hypermetropia.  If  there  is  an  hypermetropia  of  4 D.  in  one  eye  and  1 D. 
in  the  other,  we  may  order  + 4 1).  for  each  eye.  The  first  one  will  be  used 
for  distance  and  the  other  for  near  vision. 

In  antimetropia  in  which  one  eye  is  used  exclusively  it  is  only  neces- 
sary to  correct  this  one.  The  other  should  receive  some  form  of  exercise 
efter  having  its  refractive  error  corrected  so  as  to  retain  some  vision  in  case 
of  accident  to  the  good  eye. 

The  treatment  for  antimetropia  due  to  paralysis  of  accommodation 
will  be  found  elsewhere  in  this  book. 


CHAPTER  XXIV. 

THE  OCULAR  MANIFESTATIONS  OF  NERVOUS  DISEASES. 

By  J.  C.  KNIPE,  M.D.,  of  Philadelphia, 

Ophthalmologist  to  the  Jewish  Hospital;  Chief  of  the  Eye  Clinic,  Jefferson  Hospital. 

The  eye  in  its  embryologic  development,  being  an  appendage  to  the 
brain,  bears  a most  intimate  relation  to  it,  and  manifests,  in  a most  strik- 
ing manner,  many  of  its  diseases,  and  also  those  of  the  general  nervous 
system.  This  connection  is  maintained  particularly  by  the  nerves  to  the 
orbits,  which  comprise  five  of  the  twelve  pairs  arising  from  the  base  of  the 
brain. 

I.  Involvement  of  the  Motor  Nerves. — Pressure  on,  or  injury  to,  the 
motor  nerves,  inflammation  or  degeneration  of  the  nerve-fibres,  or  of  the 
cells  of  their  nuclei,  may  cause  paralysis  of  the  muscles  which  they  supply. 
Irritative  lesions,  in  contradistinction  to  destructive  lesions,  may  cause 
muscular  spasm.  Spasmodic  movements  of  the  levator  palpebrse  superioris, 
or  of  a rectus  muscle,  are  not  uncommon.  The  orbiculares  may  be  spas- 
modically contracted  in  hysteria,  simulating  double  ptosis,  but  differen- 
tiated therefrom  by  a subjective  muscle  resistance  which  is  not  present  in 
the  true  paralytic  ptosis. 

The  site  of  the  lesion  may  be  extracranial,  or  orbital,  or  intracrania 
When  intracranial,  it  may  be  basal  (between  the  base  of  the  brain  and  the 
foramina  of  exit),  nuclear  (at  the  nerve  nucleus),  or  fascicular  (involving 
the  fibres  extending  from  the  nucleus  to  form  the  nerve  trun  c).  Paralysis 
caused  by  basal  lesions  in  the  neighborhood  of  the  pons,  the  ventricles,  and 
the  aqueduct  of  Sylvius  can  be  distinguished  from  nuclear  paralysis  by  the 
association  in  the  former  of  graver  symptoms,  such  as  luxnplegia,  vomiting, 
headache,  optic  neuritis,  and  hemianopsia.  Faecmular  palsies  are  often 
accompanied  by  crossed  paralysis. 

The  cause  of  the  lesion  may  be:  meningitis,  tumor,  aneurism,  frac- 
ture, periostitis,  inflammation,  hemorrhages,  thrombosis,  abscess,  foreign 
body,  hydrocephalus,  changes  in  the  bLoc -pressure,  sclerosis,  edema,  soft- 
ening, syphilis,  diabetes,  lithiasis,  mal.ria  and  other  fevers,  lead  and  other 
poisons,  and  autointoxication,  v paralysis  may  be  congenital,  as  well  as 
acquired,  as,  for  example,  congenital  ptosis  from  absence  of  the  levator 
palpebrse  superioris. 

The  Third  Nerve  — In  complete  paralysis  of  the  third  (motor  oculi) 
nerve,  all  the  eye  m ise’es,  except  the  superior  oblique  and  the  external 
rectus,  are  involved,  together  with  the  levator  palpebrse  superioris,  the 
iris,  and  the  ciliary  muscle.  It  is  the  most  frequent  of  the  ocular  nerve 
palsies,  except  that  of  the  abducens.  It  is  the  most  frequent  form  of 
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palsy  found  in  tabes,  in  which  it  is  generally  incomplete,  and  rarely  bi- 
lateral. It  is  also  seen  in  cases  of  brain  neoplasm  and  abscess,  especially 
of  the  temporal  lobe  and  of  the  hypophysis,  and  in  aneurism  of  the  carotid. 
Ptosis  may  exist  independently  when  only  the  branch  of  the  third  nerve 
going  to  the  levator  palpebrae  superioris  is  involved.  It  is  seen  as  a con- 
genital condition,  and  in  old  age.  It  may  result  from  cerebral  abscess, 
especially  of  otitic  origin;  cerebral  hemorrhage,  cerebro-spinal  meningitis, 
traumatism,  and  hysteria.  A lesion  of  the  cortical  trigeminal  nerve  seems 
to  produce  paralysis  of  the  opposite  levator  (Knies).  It  may  also  exist 
independently  on  the  same  side  as  the  lesion  in  disease  of  the  pons,  asso- 
ciated at  times  with  conjugate  paralysis;  also  in  crossed  paralysis  with  a 
lesion  in  the  crus  cerebri.  Paralysis  of  a portion  of  the  third  nerve,  par- 
ticularly the  branch  to  the  levator,  may  be  caused  by  a lesion  of  the  cerebral 
peduncle  (Swanzy).  Associated  with  palsy  of  other  branches  of  the  third 
nerve,  ptosis  is  often  found  in  tabes,  syphilis,  meningitis,  and  in  cerebral 
tumors  and  abscesses.  Associated  with  paresis  of  the  fourth  and  sixth 
nerves,  ptosis  may  occur  in  acute  ascending  paralysis,  bulbar  pa1  sy,  and 
syringomyelia. 

The  Fourth  Nerve. — Trochlear  paralysis  is  seldom  found  clone.  It  is 
usually  caused  by  syphilis,  tabes,  multiple  sclerosis,  and  mt’ angitis  at  the 
base  of  the  brain,  and  by  pressure  in  the  valve  of  Vkucseus  (Pfungen). 
It  may  be  associated  with  third-  and  sixth-  nerve  paiv  lyses  from  diseases 
affecting  those  nerves. 

The  Sixth  Nerve. — Paralysis  of  the  abduoens  is  the  most  frequent 
form  of  ocular  palsy.  It  generally  occurs  aloi  e.  Occasionally  it  is  bi- 
lateral. In  tabes  it  occurs  in  33  per  cent,  oi  the  cases.  It  is  the  most 
frequent  form  of  paralysis  in  multipit  sclerosis.  It  is  also  seen  in 
syringomyelia,  acute  ascending  paralysis,  and  rarely  in  other  forms  of 
cerebro-spinal  diseases.  It  is  more  frequent  as  a distant  symptom  than 
any  other  (Swanzy),  particularly  in  lesions  of  the  cerebellum  (Wernicke). 
This  is  said  by  Gowers  to  bo  dae  to  the  lengthened  course  of  the  sixth 
nerve  over  the  pons  mak’og  it  more  liable  to  pressure.  Fracture  at  the 
apex  of  the  petrous  portion  of  the  temporal  hone  may  produce  it.  The 
third  nerve  is  frequtnth  involved  at  the  same  time. 

The  Seventh  Nerve.— Paralysis  of  the  facial  nerve  and  the  orbiculares 
muscles  occurs  in  about  10  per  cent,  of  cases  of  tabes.  It  is  often  associated 
with  paralysi.’  o . the  abducens  after  exposure  to  cold,  traumatism,  fracture 
of  the  petrous  portion  of  the  temporal  bone,  and  involvement  of  the  pons. 
In  cas-’s  of  ear,  or  temporo-sphenoidal  lobe,  abscess  there  is  generally  a 
paralyJs  of  the  third  nerve  on  the  same  side,  and  of  the  facial  nerve  on 
the  opposite  side. 

Ophthalmoplegia,  or  Nuclear  Palsy,  involves  all  three  of  the  motor 
nerves  to  the  eye  at  their  nuclei  in  the  floor  of  the  fourth  ventricle  and  the 
aqueduct  of  Sylvius.  It  is  divided  into  internal  and  external  according  to 
which  set  of  muscles  is  involved.  Acute  ophthalmoplegia  is,  as  a rule,  due 
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to  hemorrhage  following  trauma,  disease,  or  alcoholism.  It  is  a rapidly  fatal 
disease.  Chronic  ophthalmoplegia  may  be  due  to  syphilis,  tabes,  general 
paralysis,  disseminated  sclerosis,  multiple  neuritis,  acute  infectious  diseases, 
or  to  one  of  a number  of  poisons. 

Conjugate  Lateral  Paralysis,  in  which  the  eyes  fail  to  move  con- 
jointly to  the  right  or  the  left,  is  due  to  a lesion  in  the  centre  for  associated 
movements.  The  lesion  may  be  in  the  cortex,  or  in  the  subcortical  associa- 
tion paths,  or  between  the  cortex  and  the  third-  and  sixth-  nerve  nuclei,  and 
in  the  posterior  longitudinal  bundle  near  the  sixth  nucleus.  An  irritation  of 
the  cortical  region  of  the  fifth  nerve  will  produce  conjugate  movements  to 
the  opposite  side,  and  it  has  been  shown  that  destructive  lesions  of  the 
cortex  will  produce  a paralysis  of  associated  movements  to  the  opposite 
side.  An  irritative  lesion  will  cause  the  eyes  to  turn  away  from  the  side 
of  the  lesion,  while  a paralytic  lesion  will  cause  the  eyes  to  turn  toward 
the  side  of  the  lesion.  The  antagonists  draw  the  eyes  away  from  the 
paralyzed  side  of  the  body,  but  toward  the  side  of  the  brain  lesion.  If  the 
lesion  is  in  the  pons,  the  opposite  side  of  the  body  is  paralyzed,  but  by  the 
involvement  of  the  nucleus  of  the  sixth  nerve,  which  is  in  close  proximity 
on  the  same  side  of  the  pons,  the  external  rectus  muscle  of  the  same  side 
is  paralyzed,  and  the  eye  turns  in  the  opposite  direction — toward  the 
paralyzed  side  of  the  body.  Irritative  lesions  in  the  same  situations  would 
have  the  opposite  effect  and  produce  conjugate  spasm.  According  to  Bern- 
heimer,  a spastic  conjugate  deviation  occurring  in  cerebral  disease  is  pro- 
duced  only  by  cortical  diseases,  such  as  meningitis.  The  power  of  con- 
vergence is  usually  preserved  in  cases  of  cerebral  origin.  C mjugate 
deviations  are  more  pronounced  during  the  period  of  coma,  and  usually  dis- 
appear soon  after  that  stage  has  passed.  Paralysis  of  associated  move- 
ments upward  and  downward  is  a symptom  of  great  gravity  A it  is  not 
congenital.  When  recovery  takes  place  it  is  often  indited  by  the  occur- 
rence of  diplopia.  It  is  indicative  of  a lesion  near  the  aqueduct  of  Sylvius. 

Conjugate  paralysis  and  spasm  may  be  caused  by  inflammation, 
hemorrhage,  embolism,  and  less  frequently  by  tumors  and  abscesses.  They 
occur  frequently  in  multiple  sclerosis  (3  per  cent,  of  the  cases  according  to 
Uhthoff) ; also  in  pseudobulbar  palsy,  and  I-” Ay  in  tabes  and  amyotrophic 
lateral  sclerosis.  Paralysis  of  upward  movement  of  both  eyes  is  usually 
due  to  an  involvement  of  the  anteriOi  portions  of  both  third-nerve  nuclei, 
the  corpora  quadrigemina,  or  jnsv  behind  it  (Henoch,  Jeffries,  Gowers). 
In  a case  of  paralysis  of  both  upward  and  downward  movements  Wernicke 
found  a lesion  of  the  corpus  striatum  and  the  optic  thalamus.  Scholler 
found  the  lesion  to  he  ’o  the  pons  in  7 out  of  140  such  cases  which  he 
collected.  A lesion  >f  th<  anterior  cerebral  cortex  may  produce  such  a 
paralysis  according  to  the  experiments  of  Russell  and  of  Sherrington  on 
animals.  Conjugate  spasm,  and  less  often  paralysis  (apparent),  is  seen  in 
cases  of  hysieria,  neurasthenia,  and  the  traumatic  neuroses.  That  the 
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power  of  the  muscles  is  not  really  destroyed  can  be  proven  by  von  Graefe’s 
prism  test. 

Nystagmus  is  a spasmodic  condition  of  the  eye  muscles  characterized 
by  rhythmic  oscillations  of  the  eyeballs.  The  direction  of  the  movements 
may  be  horizontal,  vertical,  or  rotary.  Both  eyes  are  generally  involved. 
Nystagmus  may  be  caused  by  congenital  defects  of  vision,  albinism,  occupa- 
tion (miners’)  nystagmus,  labyrinthine  pressure,  or  vestibular-nerve  irrita- 
tion (aural  vertigo),  and  it  has  been  observed  rarely  in  almost  all  nervous 
diseases,  but  it  is  frequently  seen  in  multiple  sclerosis  (12  per  cent,  accord- 
ing to  Uhthoff)  and  in  syringomyelia.  Lesions  have  been  found  in  the 
corpora  quadrigemina,  corpus  striatum,  restiform  bodies,  cerebellum,  and 
medulla  (Duane,  in  Posey  and  Spiller). 

Pseudo-nystagmus  is  characterized  by  jerky  movements,  increased  at 
the  end  of  the  ocular  excursions.  It  is  generally  present  in  hereditary 
ataxia,  and  is  very  frequently  found  in  multiple  sclerosis  (46  per  cent, 
according  to  Uhthoff).  It  has  been  reported  in  almost  all  other  diseases  of 
the  nervous  system,  and  has  been  found  under  otherwise  normal  conditions. 

II.  Involvement  of  the  Sensory  Nerves. — Peripheral  irritation  of  the 
sensory  nerves  will  cause  neuralgias,  and  paralysis  of  the  mo  nerves  will 
cause  anesthesia.  Anesthesia  of  the  cornea  may  occir.  from  paralysis  of 
the  fifth  nerve,  upon  which  follows  a vasomotor  disturbance,  and  a lack  of 
secretion  from  the  lacrimal  gland.  This  favors  infection  of  the  cornea,  the 
so-called  neuroparalytic  keratitis.  Neurotic  edeira  of  the  conjunctiva  and 
lids  may  occur.  Irritation  of  the  termina1  lilam  -nts  of  the  fifth  nerve  will 
cause  contraction  of  the  pupil.  Paralysis  of  the  fifth  nerve  may  occur  in 
syphilis,  tabes,  aneurism  of  the  carotid  ortery,  and  tumors  at  the  base  of 
the  brain.  In  lesions  of  the  pons,  and  in  syringomyelia,  we  frequently  have 
paralysis  of  both  the  trigeminus  aod  the  abducens. 

Optic  Nerve. — See  spec:ai  chapter. 

CONDITIONS  OF  THE  PUPIL. 

Miosis. — 1.  Cause  I ly  limitation  of  the  pupil-contracting  centre.  This 
symptom  is  prese.it  ii  the  early  stages  of  inflammatory  affections  of  the 
brain,  in  cerebrospinal  and  tubercular  meningitis,  and  early  ;n  tumors  and 
apoplexy.  Berthold  pointed  out  that,  in  this,  apoplexy  differed  from 
embolus  in  which  the  pupils  are  not  affected.  Spastic  miosis  may  occur  in 
cases  of  hypersensitive  retina,  in  hyperemia  of  the  retina  and  optic  nerve, 
and  the  first  stages  of  alcoholic  amblyopia,  and  as  a result  of  excessive 
sexual  indulgence.  It  is  also  noticed  in  the  beginning  of  hysteric  and 
epileptic  attacks,  in  tobacco  amblyopia,  and  in  watchmakers  and  other 
habitual  near- workers. 

2.  Miosis  caused  by  paralysis  of  the  cervical  sympathetic  or  the  pupil- 
dilating  centre.  This  occurs  in  injury  to  the  cord,  pressure  of  an*aneurism 
or  of  enlarged  glands,  and  in  diseases  of  the  spinal  cord,  as  in  locomotor 
ataxia.  It  occurs  also  in  general  paralysis  of  the  insane. 
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Mydriasis.— 1.  Caused  by  an  irritation  of'  the  pupil-dilating  centre. 
This  is  present  early  in  inflammation,  anemia,  or  tumor  of  the  cervical 
cord.  Stimulation  of  the  cortex  of  the  brain,  particularly  of  the  occipital 
lobe,  may  cause  moderate  dilation.  It  may  also  occur  in  intestinal  irri- 
tation, mental  excitement,  any  emotion,  irritation  of  the  skin,  pinching, 
heat,  and  cold.  Irritation  or  stimulation  of  the  pneumogastric,  hypo- 
glossal, and  laryngeal  nerves  may  cause  mydriasis.  It  may  be  present 
early  in  acute  mania,  and  in  general  paralysis  of  the  insane. 

2.  Mydriasis  caused  by  paralysis  of  the  pupil-contracting  centre  occurs 
from  pressure  on  the  third  nerve  at  the  base  of  the  brain  or  in  the  orbit. 
It  also  occurs  in  glaucoma,  in  the  later  stages  of  general  paralysis  of  the 
insane,  in  optic-nerve  atrophy,  and  in  cases  in  which  the  sight  is  much 
impaired  from  any  cause,  and  the  pupillary  light-reflex  is  correspondingly 
diminished. 

Hippus. — An  alternate  contraction  and  dilation  of  the  pupil,  occur- 
ring without  an  effort  of  accommodation  or  convergence,  is  known  as  hip- 
pus.  It  is  a clonic  spasm  of  the  sphincter  pupillae.  It  has  been  observed 
in  neurasthenia,  hysteria,  epilepsy,  disseminated  sclerosis,  cerebrospinal 
sclerosis,  acute  meningitis,  and  occasionally  in  brain  tumor.  It  has  also 
been  observed  in  developing  cataract,  and  in  paresis  of  the  ocular  muscles. 
It  is  sometimes  associated  with  nystagmus. 

Paradoxic  Pupillary  Reflex.—’ The  pupils  have  been  noticed  to  con- 
tract when  they  should  normally  dilate,  and  vice  versa.  It  has  been  ob- 
served in  a number  of  cases  of  tabes,  and  in  multiple  sclerosis,  progressive 
paralysis,  and  brain  syphilis'. 

THE  VISUAL  TRACT. 

The  visual  tract  (Fig.  443)  begins  with  the  roas  and  cones  of  the 
retina  and  the  three  bundles  of  optic-nerve  fibres  making  no  die  papilla  and 
the  optic  nerve.  This  extends  back  to  the  chiasm3,  in  which  the  inner 
bundle  of  each  nerve  decussates  and  joins  the  outer  "or.nale  of  the  opposite 
nerve  and  becomes  the  optic  tract.  The  tract  extends  around  the  crus 
cerebri,  and  ends  in  the  external  and  internal  geniculate  bodies,  and  the 
pulvinar  on  the  posterior  part  of  the  optic  +halamus.  Some  of  the  fibres 
extend  to  the  corpora  quadrigemina.  These  parts  are  called  the  primary 
optic  centres,  and  from  them  the  visual  radiations,  or  fibres  of  Gratiolet, 
extend  backward  through  the  internal  capsule  to  the  cortex  of  the  cuneus 
and  the  superior  occipito-tempc’’al  convolution.  Henschen  believes  from 
investigations  that  the  centre  of  vision  is  in  the  middle  of  the  calcarine  fis- 
sure. Each  hemisphere  is  in  anatomic  relation  with  the  corresponding  lat- 
eral half  of  each  retina.  A t the  macula  lutea  these  halves  seem  to  overlap, 
making  a double  i erve -supply,  by  which  means  central  vision  is  preserved 
in  cases  of  a destrw  live  lesion  on  one  side  producing  hemianopsia.  When, 
however,  there  >s  an  aneurism  of  the  central  artery  or  vein,  or  an  inflamma- 


774 


MODERN  OPHTHALMOLOGY. 


tion  of  the  optic  nerve,  the  fibres  in  close  proximity  supplying  the  macula 
are  implicated,  and  central  blindness  or  a scotoma  results.  This  is  seen 
in  tobacco-  and  alcohol-  amblyopia. 


Fig.  443. — Diagram  of  the  visual  tract. 

k.  F.f  Right  visual  field.  L.  F.,  Left  visual  field.  N.,  Nasal  side.  T.,  Temporal 
s.^e.  R.  R.,  Right  retina.  L.  R.,  Left  retina.  O.  C.,  Optic  chiasma.  O.  N.,  Optic 
,'eive.  O.  T.,  Optic  tract.  C.  Q.t  Corpora  quadrigemina.  EX.  O.  B.,  External 
geniculate  body.  T.  O.,  Thalamus  opticus.  C.  C.,  Corpus  callosum. 

THE  FIELD  OF  VISION. 

A lesion  which  obstructs  the  visual  pathway  beyond  the  chiasma  or 
destroys  the  visual  centres  in  the  cuneus  causes  lateral  homonymous  hemia- 
nopsia. 
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Hemianopsia  or  Hemianopia  (Half-blindness). — If  the  blind  half  be 
toward  the  same  side  in  both  eyes,  it  is  called  homonymous ; if  on  opposite 
sides,  it  is  known  as  heteronymous  hemianopsia . It  may  be  complete  or 
incomplete,  according  to  the  involvement  being  of  one-half  the  field  or 
merely  of  a sector  A it.  It  may  be  absolute  or  relative,  as  the  blind  field  is 
totally  or  partially  blind.  The  hemianoptic  field  usually  shows  an  inden- 


Fig.  444. — Diagram  of  right  homonymous  hemianopsia  and  of  the  sites 
of  lesions  which  may  cause  it. 

RE,  Right  eye.  LE,  Left  eye.  ON,  Op'ic  serves.  C,  Chiasma.  OT,  Optic  tracts. 
Th,  Thalami  optici.  G,  Corpora  genicula^a.  J,  Corpora  quadrigemina.  RC,  Right 
cuneus.  OR,  Optic  radiations. 


ture  at  the  point  of  fixation  cc'n  •'sponding  to  the  overlapping  of  the  nerve- 
supply  to  the  macula. 

The  right  optic  tra?t  contains  all  the  nerve-fibres  going  to  the  right 
halves  of  both  eyes.  I+s  division  would  cause  half-blindness  on  the  opposite 
side  of  the  field  of  vision.  Those  on  the  nasal  side  decussate  to  the  right 
half  of  the  left  ^ye . Those  on  the  temporal  side  continue  forward  on  the 
same  side  (see  Tig.  444). 
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Longitudinal  division  of  the  chiasma  would  cut  off  all  the  fibres  to  the 
nasal  halves  of  the  retinae,  and  produce  bitemporal  hemianopsia — blindness 
to  the  right  for  the  right  eye  and  to  the  left  for  the  left  eye.  Pressure 
on  the  third  ventricle  or  enlargement  of  the  pituitary  gland  may  be  the 
cause.'  A lesion  of  the  chiasma  laterally  would  cause  blindness  on  the  tem- 
poral side  of  the  retina.  In  rare  instances  bilateral  blindness  in  the  nasal 
fields  has  been  produced  by  corresponding  lesions  on  each  side  affecting  the 
non-decussating  fibres.  A double  temporal  or  nasal  blindness  can  occur 
only  in  diseases  of  the  chiasma.  The  chiasma  may  be  the  seat  of  tumors 
or  syphilitic  growths  or  may  be  pressed  upon  through  the  third  ventricle 
in  hydrocephalus.  Gouty  changes  and  interstitial  hemorrhage  have  been 
observed.  Migraine  and  hysteria  may  cause  temporary  hemianopsia. 
Superior  and  inferior , or  altitudinal , hemianopsia  is  very  rare.  The  optic 
tract  may  be  involved  by  traumatism,  hemorrhage,  softening,  basilar  tumors, 
or  thickening  in  multiple  sclerosis.  One  eye  may  be  entirely  blind  from  de- 
generation of,  or  from  injury  to,  the  optic  nerve,  or  from  tumor,  aneurism, 
basilar  fracture,  or  caries  of  the  sphenoid  bone. 

FOCAL  LESIONS  OF  THE  BRAIN. 

Brain  diseases  are  the  most  frequent  causes  of  both  )ptic  neuritis  and 
optic-nerve  atrophy.  The  disease  may  be  focal  or  difj  use . Focal  lesions 
producing  optic  neuritis  are  usually  caused  by  turned,  but  foci  of  softening, 
abscesses,  thrombosis  of  the  sinuses,  aneurisms,  ayop^xies,  and  cysts  may  be 
the  pathologic  factors.  Optic  neuritis  may  be  tin  first  and  only  evidence  of 
the  disease.  Even  the  vision  may  not  fail  until  post-neuritic  atrophy  sets 
in.  Recurrent  transient  loss  of  vision  may  be  a prominent  symptom  of 
brain  disease  whether  focal  or  diffuse.  Similarly  situated  focal  lesions  may 
give  rise  to  very  different  symptoms.  There  may  be  merely  an  irritation  of 
the  centre  causing  increased  fun  rtioual  activity,  or  a paralysis  of  the  centre 
may  destroy  the  function  of  the  pa^.  If  between  the  two,  there  is  a paresis 
of  the  centre,  with  only  a partial  loss  of  function. 

The  most  prominent  s unptom  of  focal  disease  may  be  the  disturbance 
in  the  field  of  visio  i,  u,  ually  hemianopsia . If  the  lesion  exists  anywhere 
between  the  cortical  centre  and  the  chiasma, — for  example,  in  the  right  optic 
tract, — the  nerve-nbres  going  to  the  right  half  of  each  retina  will  be  cut 
off,  and  the  left  fields  of  vision  will  be  cut  out — left  homonymous  hemia- 
nopsia . I c the  lesion  is  in  the  chiasma,  the  decussating  fibres  to  the  nasal 
side  of  the  retina  will  be  involved,  and  the  opposite  fields  may  be  blind — 
bitemporal  hemianopsia . If  the  lateral  fasciculi  of  both  sides  of  the  chiasma 
or  both  optic  nerves  should  be  coincidently  involved,  the  temporal  halves 
o*  the  retinae  would  be  cut  off  and  binasal  hemianopsia  would  result. 

Hemianopsia  due  to  a lesion  of  the  optic  radiations  is  generally  asso- 
ciated with  symptoms  such  as  word-blindness,  mind-blindness,  word- 
deafness,  alexia,  dyslexia,  paraphasia,  hemianesthesia,  and  astereognosis. 
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Cortical  hemianopsias  are  not  generally  associated  with  visual  or  auditory 
aphasias.  Visual  hallucinations  may  occur  in  the  blind  fields  in  cases  of 
hemianopsia  and  must  not  be  mistaken  for  the  visual  hallucinations  of 
insanity.  They  are  supposed  to  be  due  to  an  irritation  of  the  visual- 
memory  centre. 

By  means  of  the  hemianoptic  pupil-symptom  of  Wernicke  a differential 
diagnosis  between  lesions  of  the  tract  and  the  cortical  centie  may  be  made. 


pupillary  reflex.  3 n,  Third  nerve. 


If  the  pupil  responds  to  light  thrown  on  the  amaurotic  retina,  the  lesion 
is  back  of  the  geniculate  bodies.  The  presence  of  this  reaction  indicates  that 
the  pupillary  nerves  which  accompany  the  optic  tract  as  far  as  the  geniculate 
bodies  are  not  involved  There  the  afferent  pupillary  nerve  leaves  the  tract 
by  way  of  Meynertb  fi  ires  to  become  the  efferent  impulse  to  the  pupil,  going 
first  to  the  gra  y matter  of  the  aqueduct  of  Sylvius,  then  to  the  third-nerve 
nucleus,  and  from  there  through  the  short  root  of  the  ciliary  ganglion  to  the 
ciliary  ganglion  and  the  short  ciliary  nerves  to  the  sphincter  pupillae.  If 
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the  lesion  is  in  the  path  of  the  pupillary  reflex,  the  pupil  will  fail  to 
react  (see  Fig.  445). 

A lesion  peripheral  to  the  chiasma  will  cause  loss  of  direct  light  reflex 
in  an  amaurotic  eye,  and  loss  of  consensual  light  reflex  in  the  other  eye. 
The  consensual  reaction  is  preserved  on  the  blind  side.  A lesion  of  the 
chiasma,  such  as  a sagittal  section,  will  cause  a loss  of  both  the  direct  and 
consensual  reactions  when  the  blind  or  nasal  half  of  the  retina  is  illuminated. 
If  the  optic  nerve  of  one  side  be  destroyed  at  the  same  time,  there  will  be 
a reaction  only  when  the  temporal  half  of  the  retina  of  the  sound  side  is 
illuminated,  and  a consensual  reaction  will  occur  on  the  blind  side. 

Double  Hemianopsia  may  result  from  a coexistent  bilateral  lesion,  or  a 
succession  of  attacks  of  homonymous  lateral  hemianopsia.  One-half  of 
the  visual  field  may  be  obscured  first,  and  later  the  other  half.  A small 
central  area  of  light  may  be  retained,  as  in  homonymous  lateral  hemia- 
nopsia. This  is  explained  on  the  supposition  that  there  is  a separate  mac- 
ular centre  of  vision. 

Relative  Hemianopsia,  or  Anopsia,  is  the  term  used  when  the  loss  of 
vision  is  not  complete. 

Hemiachromatopsia. — There  is  recognition  of  form  and  light,  but  not 
of  colors.  Achromatopsia  may  be  due  to  a congenital  absence  of  the  photo- 
chemical substance  of  the  retina,  or  to  disease  of  the  periphfai  nerve  endings 
in  the  rods  and  cones  and  cells  of  the  retina.  Chorioretinitis  has  been 
known  to  produce  such  changes.  Lesions  situated  more  deeply,  involving 
the  optic  nerves  and  tracts,  as  in  retrobulbar  neur.  tis  and  in  atrophy  caused 
by  tabes,  may  cause  a loss  or  diminution  of  color  perception.  Tumors, 
abscesses,  hemorrhages,  and  softening  of  embolic  or  thrombotic  origin’ 
occurring  anywhere  in  the  pathway  o'  the  visual  apparatus,  or  in  the 
cerebral  cortex,  where  special  centres  foi  tne  recognition  of  colors  are  said 
to  exist,  may  produce  color-blindness  The  cases  reported  have  been  mostly 
cases  of  hemiachromatopsia.  A : ew  cases  of  uniocular  color-blindness,  per- 
haps due  to  a lesion  in  front  of  the  chiasma,  have  been  reported.  Congenital 
color-blindness,  due  to  an  organic  defect,  is  more  common  in  males  (4  pier 
cent,  to  1 per  cent,  in  females).  It  is  usually  of  the  red-green  variety. 

Amblyopia. — Inoair.nent  of  vision  may  be  of  central  origin.  A few 
cases  of  crossed  amblyopia,  where  the  impairment  of  vision  is  on  the  side 
opposite  to  the  lesion,  have  been  reported.  There  is  usually  a destructive 
lesion  of  the  an  pilar  gyre  on  the  opposite  side.  Besides  impairment  of 
vision,  there  Is  concentric  contraction  of  the  visual  fields,  perhaps  of  both 
eyes,  bn  more  marked  on  the  affected  side.  In  hysterical,  amblyopia  there 
is  usually  associated  with  it  some  impairment  of  the  other  special  senses, 
suci  as  touch,  taste,  hearing,  smell,  pain,  and  temperature.  The  loss  of 
vi.  ioi  may  be  central  or  peripheral,  but  hemianopsia  has  not  been  observed. 
As  a cause  of  hysterical  amblyopia,  the  probability  of  a transient  involve- 
ment of  the  cerebral  centres,  such  as  an  impairment  of  the  nutrition  of 
the  cortical  cells,  or  a circulatory  disturbance,  has  been  considered. 
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Visual  Amnesia,  or  Mind-blindness,  is  another  symptom  which  may  he 
present  in  focal  brain  lesions.  It  includes  object-,  word-,  letter-,  and 
number-  blindness.  The  patient  perceives  an  object  perfectly,  but  has  no 
memory  of  what  it  is.  By  closing  the  eyes  it  may  be  recognized  by  touch 
or  by  the  other  senses.  This  symptom  is  present  when  the  lesion  is  in  the 
centre  for  visual  memory  or  in  the  path  connecting  the  centre  for  vision 
with  the  centre  for  visual  memory.  In  these  higher  visual  centres  both 
eyes  are  represented  in  each  hemisphere.  They  are  situated  in  the  angular 
gyri  of  the  parietal  lobes,  and  the  temporo-occipital  convolutions,  and  com- 
municate with  each  other  through  the  callosal  crossway.  A lesion  in  this 
region  does  not  cause  hemianopsia. 

Word-blindness  is  a loss  of  the  memory  of  words.  The  words  he  sees 
have  no  significance.  Cortical  word-blindness  is  due  to  a lesion  of  the 
angulo-occipital  region  of  the  cortex.  A patient  so  afflicted  is  unable  to 
comprehend  words  by  sight,  and  is  unable  to  write  them.  Pure  word-blind- 
ness is  due  to  a lesion  of  the  tracts  extending  from  the  visual  centres  to 
the  centre  for  word-seeing.  Such  a patient  is  able  to  write  words  without 
comprehending  them.  He  has  not  lost  his  cortical  centre  for  word-seeing. 

Alexia  is  the  inability  to  read  because  of  a brain  lesion  involving  the 
tract  between  the  word-seeing  centre  and  the  sight-perception  centres;  or, 
the  word-hearing  centre  may  he  involved  and  reading  may  only  be  imper- 

fect.  . . . . 

Visual  Anomia,  or  Word-dumbness,  is  the  inability  to  name  by  sight. 

an  object  with  which  we  are  familiar.  The  object  is  given  a wrong  name. 
If  the  eyes  are  closed,  the  object  may  be  recognized  by  the  other  seises. 
It  has  been  caused  by  lesions  situated  in  various  parts  of  he  :one  of 
speech. 

Dyslexia  is  a disgust  for  reading,  or  fatigue  after  rea  ting  a few  words 
or  lines.  It  may  precede  grave  brain  trouble.  The  seven  or  eight  cases 
on  record  were  all  fatal.  The  autopsies  showed  lesions  in  the  region  of 
Broca’s  lobe. 

Color  Amnesia,  or  Color  Aphasia.— The  patient  cannot  name  the  color 
of  an  object,  although  he  distinguishes  co'or  and  can  perform  color-tests 

perfectly.  _ . 

Visual  Hallucinations  may  occur  in  the  blind  fields  in  cases  of  hemia- 
nopsia which  should  not  he  mistaken  for  the  visual  hallucinations  of 
insanity.  They  are  supposed  ,0  be  due  to  an  irritation  of  the  visual- 
memory  centre. 

OCULAR  SYMPTOMS  OF  ORGANIC  DISEASES  OF  THE  BRAIN 
AND  SPINAL  CORD.  • 

Meningitis.-  - i.  H chymeningitis,  or  Inflammation  of  tub  Dura, 
may  cause  optic  neuritis.  When  the  inflammation  and  pressure  are  at  the 
base  of  the  hii.ii.,  the  fields  of  vision  may  be  affected  from  pressure  on  the 
optic  tracts  or  nerves;  and  pressure  on  the  third  and  sixth  nerves  may  cause 
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ocular  palsies.  Involvement  of  the  fifth  nerve  may  cause  pain  or  insensi- 
bility in  the  regions  which  it  supplies.  Inflammation  of  the  dura  is  less 
severe  than  is  that  of  the  pia  mater. 

2.  Leptomeningitis  (Acute  Cerebral  Meningitis;  Cerebrospinal 
Meningitis). — There  are  early  external  inflammatory  symptoms,  such  as 
conjunctivitis  and  swelling  of  the  lids.  The  cornea  may  be  infiltrated. 
The  pupils  at  first  are  usually  contracted,  and  later  dilated,  or  they  may  be 
immovable.  Hippus  has  been  observed.  After  a few  days  the  optic  disc 
may  become  hazy  and  the  vessels  are  enlarged.  The  papillitis  may  be 
severe,  the  disc  becoming  obscured  and  subsequently  atrophied.  Blindness 
may  ensue.  Retinal  hemorrhages  and  neuroretinitis  are  not  infrequent. 
The  severe  infection  may  cause  purulent  iridochorioiditis  and  panophthal- 
mitis. The  third  nerve  is  usually  affected,  and  strabismus,  or  a loss  of 
conjugate  action,  results. 

3.  Tubercular  Meningitis. — Miliary  tubercles  are  often  present  in 
the  chorioid,  but  Cohnheim  has  pointed  out  that  they  are  not  as  frequently 
observed  as  in  general  tuberculosis  without  meningitis.  The  base  of  the 
brain  is  usually  involved  in  tubercular  meningitis,  in  consequence  ot  which 
optic  neuritis  and  the  orbital  paralyses  are  more  frequent  than  iu  other 
forms  of  meningitis. 

Tumor  of  the  Brain. — The  most  important  ocular  svmptom  is  papil- 
litis. The  disc  may  become  “choked”;  more  or  lfss  secondary  optic 
atrophy  ensues.  Retinitis  with  hemorrhages  may  follow.  The  involve- 
ment may  be  of  one  eye  or  both.  If  unilateral,  it  7s  more  often  on  the 
same  side  as  the  tumor.  Precentral  tumors,  acciraing  to  Leslie  Paton, 
are  nearly  always  associated  with  a fairly  so  v^ere  optic  neuritis,  while  post- 
central  tumors  are,  as  a rule,  associated  with  a moderate  neuritis,  which  is 
often  of  short  duration. 

The  following  are  some  of  the  ft*  ‘ive  conclusions  summed  up  by  Paton 
in  a series  of  200  cases  of  brain  tumor:  (1)  tumors  directly  or  indirectly 
exercising  constant  pressure  m fho  chiasma,  or  on  the  optic  nerves,  may 
cause  pressure  atrophy  without  any  preceding  edema  of  the  disc;  (2)  the 
great  majority  of  tumors  Meeting  the  gray  matter  of  the  cortex  cerebri 
have  optic  neuritis,  the  s^/erity  of  which  seems  to  vary  inversely  with  the 
distance  of  the  parr  affected  to  the  chiasma;  (3)  tumors  lying  deep  in 
the  white  matte7*  of  the  hemispheres  do  not,  as  a rule,  develop  optic  neuritis 
until  they  invade  cither  the  cortex  or  the  basal  ganglia,  especially  the  latter; 
(4)  tumors  effecting  the  optic  thalamus,  the  mid-brain,  the  cerebellum, 
and  the  ventricles,  are  almost  invariably  associated  with  optic  neuritis;  (5) 
ponftne  tumors  and  souie  extra-cerebellar  tumors  do  not  develop  optic 
neuritis  until  neighboring  regions,  especially  the  cerebellum,  are  invaded. 

Cnanges  in  the  color  fields  have  been  reported  by  Bordley  and  Cushing 
in  1909. 1 
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They  found  in  56  cases  in  which  the  examinations  were  reliable,  out 
of  a series  of  200  cases  of  brain  tumor,  the  following:  (1)  interlacing  of 
the  color  lines  was  the  predominant  feature  in  25;  (2)  color  inversion  was 
the  predominant  feature  in  9;  (3)  hemiachromatopsia  with  corresponding 
change  in  form  field  in  4;  (4)  islands  of  blue  blindness  (scotomata)  in  3; 
(5)  blue  blindness  in  3;  (6)  complete  green  blindness  in  1;  (7)  complete 
achromatopsia  in  5;  (8)  no  color  change  in  6. 

They  found  definite  change  in  the  fields  for  color  in  many  charts 
where  the  fields  for  form  were  normal.  Four  of  the  cases  showed  inter- 
lacing of  colors,  but  no  choked  disc.  In  41  out  of  42  cases  examined  after 
operation  the  color  fields  had  become  normal.  Cushing  and  Heuer,1  in 
making  a summary  of  their  perimetric  examinations  of  200  cases  of  brain 
tumor,  say:  “It  has  been  possible  in  123  cases  to  secure  reliable  perimetric 
charts.  These  have  shown:  (1)  normal  fields  in  27  cases;  (2)  simple 
color  interlacing  or  inversion  (dyschromatopsia),  with  more  or  less  con- 
strictions, but  without  other  field  distortion  in  53  cases,  and  (3)  hemianop- 
sia, or  a tendency  toward  this  defect  in  42  cases.” 

Tumor  of  the  Occipital  Lobe— Early-developing  hemianopsia,  or 
hemiachromatopsia;  sensations  of  light  and  visual  hallucinations  on  the 
blind  fields,  with  absence  of  Wernicke’s  hemianoptic  pupillary  sign,  and 
with  the  general  symptoms  of  brain  tumor,  are  indicative  of  a growth  in 
the  occipital  lobe.  Inverted  vision,  or  mirror  vision;  alexia,  and  optic  . 
aphasia  have  been  observed  (Spiller,  in  Posey  and  Spiller).  Homonymous 
lateral  hemianopsia  is  the  most  valuable  sign  in  localizing  a tumor  ol’  the 
occipital  lobe.  Homonymous  hemiachromatopsia  (relative  hemianopsia)  is 
supposed  by  de  Schweinitz  to  be  caused  by  a lesion  of  less  intensity  than 
one  producing  absolute  hemianopsia.  The  lesion  in  hemiachromatopsia 
has  been  found  to  be  in  the  cortex,  except  in  the  case  reported  by  Harris, 
where  the  lesion  was  an  area  of  softening  in  the  right  internal  capsule.  In 
cases  of  hemianopsia,  if  there  is  no  pupillary  light -reflex  on  the  blind  side 
(Wernicke’s  pupillary  inaction  sign),  the  lesion  is  within  the  pupillary  re- 
flex arc,  not  higher  than  the  external  geniculate  body,  the  pulvinar,  or  the 
corpora  quadrigemina. 

A paralysis  of  the  cranial  nerves,  associated  with  hemianopsia,  points 
to  a basal  lesion. 

Tumors  of  the  Parietal  Lobe  do  not  usually  show  any  eye-symptoms 
except  perhaps  a papillitis.  Conjugate  lateral  deviation  has  been  recorded 
in  3 cases  by  Wernicke.  Extension  to  the  internal  capsule  may  cause 
hemianopsia.  Paralyse  ot  the  abducens  is  rare  in  brain  tumor,  but  is 
common  in  abscess,  according  to  Wernicke. 

Tumors  in  the  Legion  of  the  Corpora  Quadrigemina  usually  cause 
ocular  palsies.  The  nuclei  of  the  third  and  fourth  nerves  lying  near  the 
aqueduct  of  Syl  ius  may  be  involved,  and  paresis  of  the  muscles  innervated 


i To hii  i Hopkins  Hospital  Bulletin,  June,  1911. 


782 


MODERN  OPHTHALMOLOGY. 


by  these  nerves  may  result.  The  iris  and  ciliary  muscles  may  escape,  their 
nuclei  lying  deeper  than  those  of  the  external  muscles.  The  levator 
palpebrae  muscle  may  also  escape.  Nystagmus  may  occur.  Griinbaum  and 
Sherrington  have  demonstrated  by  electrical  experiments  that  a centre 
of  ocular  movements  probably  exists  in  the  frontal  lobe.  A case  of  paral- 
ysis of  conjugate  lateral  movements,  reported  by  Karl  Schaffer,  showed 
a syphilitic  lesion  in  the  right  frontal  lobe.  Transient  paralysis  of  lateral 
associated  movements  occurs  from  lesions  of  the  cortex,  and  a more  per- 
sisting paralysis  indicates  a lesion  of  the  posterior  longitudinal  bundle 
(Spiller).  Involvement  of  the  cerebral  peduncle  will  probably  produce 
oculomotor  palsy  on  the  same  side,  and  palsy  of  the  limbs  on  the  op- 
posite side. 

The  eye-symptoms  of  tumors  of  the  pineal  gland  are  almost  the  same 
as  those  of  the  corpora  quadrigemina.  In  the  former,  the  third,  fourth, 
and  sixth  nerves  are  not  so  often  affected,  but  nystagmus  is  more  common 
(Oppenheim). 

Tumors  of  the  Pituitary  Body  frequently  cause  bitemporal  I emia- 
nopsia.  The  optic  neuritis  is  often  of  mild  type.  Optic  atrc  ihy  may 
occur  without  an  observable  previous  optic  neuritis.  If  an  optif4  cract  is 
involved  there  will  be  homonymous  lateral  hemianopsia.  A symmetric 
neuritis  of  the  outer  parts  of  the  chiasma  or  of  the  optic  nerves  can  produce 
binasal  hemianopsia,  but  as  a symptom  of  pure  chiasm?  levion  it  is  improb- 
able, as  Wilbrand  and  Saenger  have  pointed  out,  o”  account  of  the  inter- 
mingling  of  the  crossed  and  uncrossed  fibres  in  the  lateral  parts  of  the 
chiasma. 

In  lesions  of  the  pons  and  medulla  oblongata  the  usual  ocular  symptoms 
are  paralysis  of  the  external  rectus  and  paralysis  of  associated  movements 
of  the  eyes  toward  the  side  of  the  lesiom  Y umors  frequently  develop  in  the 
pons  without  producing  optic  neuritis.  Nystagmus  is  common  in  lesions  of 
the  pons. 

Tumors  of  the  Cerebellum  gen  iraily  produce  intense  double  optic  neu- 
ritis of  rapid  onset.  There  is  usually  marked  edema  of  the  surrounding 
retina,  and  often  a stellate  figure  in  the  macular  region.  The  same  con- 
ditions have,  however,  been  observed  in  basal  meningitis,  and  in  tumor  of 
the  frontal  lobe.  Nystagmus  on  turning  the  eyes  toward  the  side  of  the 
lesion  has  been  observed  by  Spiller  and  others. 

Multiple  S'de  /osis  (Disseminated  Sclerosis)  is  rich  in  eye  symptoms, 
upon  which  much  depends  for  its  early  diagnosis.  Any  portion  of  the  eye 
may  b^  affected.  The  pupils  are  likely  to  be  contracted,  and  unequal  in 
size,  witn  diminished  reaction  to  light  and  accommodation,  but  the  Argyll 
Robertson  pupil  is  very  rare.  Hippus  has  been  observed!  According  to 
Irhtholf,  the  extrinsic  eye-muscles  are  involved  in  17  per  cent,  of  the 
cases.  The  disturbance  is  usually  bilateral  and  transient.  One  muscle  only 
may  be  paralyzed  or  there  may  be  complete  ophthalmoplegia . The  ab- 
ducens  is  most  frequently  paralyzed,  and  next  to  that  the  oculomotor.  The 
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paralysis  is  not  usually  complete.  The  nuclear  nature  of  the  disease  is 
sometimes  shown  in  the  lack  of  associated  movements.  UhthofE  observed 
paresis  of  upward  associated  movements.  Nystagmus  is  a very  frequent 
symptom,  true  nystagmus  being  present  in  20  per  cent,  of  the  cases,  and  the 
remainder  usually  show  nystagmiform  movements — the  ocular  ataxia  of 
Swanzy.  These  are  shown  by  directing  the  patient  to  look  from  the 
usual  line  of  sight:  e.g.,  up  and  out. 

Optic-mrve  atrophy  occurs  in  about  50  per  cent,  of  the  cases.  The 
process  is  generally  a slow  one,  and  is  seldom  extreme.  Vision  may  be 
more  or  less  affected.  A transient  form  of  blindness  is  not  uncommon. 
Hemianopsia  is  never  present,  which,  as  a localizing  symptom,  places  the 
lesion,  as  far  as  visual  symptoms  are  concerned,  peripheral  to  the  optic  com- 
missure, although  the  lesions  causing  the  different  ocular  palsies  may  be  as 
far  back  as  the  nuclei  of  the  nerve  governing  the  muscle.  The  occa- 
sional disturbances  in  the  field  of  vision  are  central  scotoma,  irregular 
and  regular  retraction  of  the  field , and  dyschromatopsia , particularly  for  red 
and  green. 

Primary  Lateral  Sclerosis.— Although  there  are  no  eye-symptoms  as  a 
Tule,  primary  optic-nerve  atrophy,  contracted  fields,  and  a central  scotoma 
for  red  and  green  have  been  observed. 

Amyotrophic  Lateral  Sclerosis. — If  the  disease  extends  to  the  bulbar 
region,  the  symptoms  of  bulbar  palsy  are  added  to  those  of  lateral  sclerosis. 
The  pupils  may  he  irregular  and  fail,  to  react  to  light. 

Progressive  Ascending  Unilateral  Paralysis. — In  this  disease,  describe1 
first  by  C.  K.  Mills,  primary  optic-nerve  atrophy  has  been  observer. 

Locomotor  Ataxia  (Tabes  Dorsalis). — Probably  no  other  nervous  dis- 
ease has  so  many  characteristic  eye-symptoms,  many  of  which  are  present 
long  before  the  ataxic  symptoms  show  themselves,  and,  indeed,  the  diagno- 
sis is  often  made  from  the  early  ocular  symptoms. 

There  is  apt  to  be  a contraction  of  the  pupil,  in  r on'e  cases  almost  to  a 
pin-point  size  (spinal  miosis),  although  the  pupil  may  react  promptly  to 
light  and  convergence.  This  condition  is  to  be  considered  as  either  a paresis 
of  the  pupil-dilating  fibres  from  disease  in  the  front  part  of  the  aqueduct 
of  Sylvius  or  as  a paresis  due  to  disease  of  he  cilio-retinal  centre  in  the 
lower  part  of  the  cervical  cord.  The  pupils  may  be  normal,  or  they  may 
be  accidentally  dilated  as  a result  of  a general  third-nerve  paralysis.  The 
A rgyl l-R o h ertson  pupil  is  found  most  frequently  in  this  disease.  In  this 
the  irides  do  not  react  to  light,  or,  if  they  do,  it  is  but  very  sluggishly,  but 
they  react  promptly  in  convergence.  This  symptom,  may  be  present  when 
there  is  miosis,  when  the  pupils  are  normal,  or — as  more  generally  occurs — 
when  there  is  some  inequality  of  the  pupils  (anisocoria).  This  is  an  early 
symptom  of  tabps,  and  it  may  make  the  diagnosis  reasonably  certain  long 
before  the  development  of  any  ataxic  gait. 

Piltz  f ou  ad  that  43  per  cent,  of  tabetics  showed  the  synergic  pupillary 
reaction,  in  winch  the  pupil  contracts  synergically  with  the  orbiculares. 
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The  orbicularis  reflex  is  often  more  energetic  than  the  convergence  reflex. 
The  convergence  reflex  is  seldom  absent.  The  psychic  pupillary  reflex  of 
Piltz,  in  which  the  pupils  react  to  the  suggestion  of  light  or  darkness,  has 
been  observed. 

Paresis  of  one  or  more  of  the  ocular  muscles  with  its  accompanying 
% diplopia  occurs  in  30  per  cent,  of  the  cases  of  tabes.  These  may  be  transient 
or  permanent  in  nature.  The  sixth  nerve  seems  to  be  the  one  most  often 
attacked,  but  the  third  is  not  infrequently  affected,  together  with  its  branch 
to  the  levator  palpebrae,  causing  a true  ptosis.  Paralysis  of  accommodation 
occurs  rarely  in  this  disease,  and  is  nearly  always  a late  symptom. 

There  is  often  a narrowing  of  the  palpebral  fissure  and  a slight  droop- 
ing of  the  upper  lids,  but,  as  the  patient  can  by  his  will-power  open  them 
normally,  it  is  not  to  be  considered  as  a true  ptosis.  On  closing  one  or 
both  eyes  there  is  often  a marked  twitching  of  one  or  both  orbiculares. 
This  symptom  is  not  of  much  importance,  as  it  is  not  infrequently  present 
in  persons  who  are  perfectly  well. 

Epiphora  is  a symptom  mentioned  by  some  authorities,  and  is  due 
probably  both  to  a relaxation  of  the  lower  lid  and  to  hypersecretion  of  the 
lacrimal  gland.  Berger  claims  to  have  frequently  found  a reduction  of 
intra-ocular  tension,  but  this  contention  is  not  borne  out  bv  tin  jr  observers. 

Some  authorities  mention  nystagmus  as  a symptom  of  tabes,  but  prob- 
ably Swanzy’s  term,  ocular  ataxia , is  better.  This  consists  in  a nystagmus 
developing  when  the  patient  attempts  to  fix  an  object  with  his  eyes,  but 
which  ceases  the  moment  the  eyes  are  at  rest,  Pkso<  dated  ataxic  movements 
may  be  present  (Uhthoff). 

A symptom  which  occurs  in  at  least  30  per  cent,  of  cases  is  optic-nerve 
atrophy . It  is  an  early  rather  than  a lr.ce  symptom,  and  cases  are  on  record 
where  it  has  preceded  the  ataxic  gait  twenty  years.  The  atrophy  is  nearly 
always  bilateral,  although  general;  more  advanced  in  one  eye  than  in  the 
other.  As  the  atrophy  advances  %here  is  a concentric  contraction  of  the 
visual  field , especially  so  to  tho  cater  side.  Central  vision  may  remain  good 
for  a long  time.  Sometime:  the  field  shows  only  a sector-like  defect.  As  a 
result  of  the  atrophy,  color-blindness  is  not  infrequent,  the  recognition  of 
green  being  lost  generally  before  that  of  red.  The  inequality  of  the  pupils 
is  probably  explained  by  the  atrophy  of  one  optic  nerve  being  much  more 
advanced  than  that  of  its  fellow. 

Severe  attacks  of  orbital  and  periorbital  pain  may  precede  optic 
atrophy.  Tney  usually  occur  early  in  the  course  of  the  disease.  Accord- 
ing to  Covvers,  when  optic-nerve  atrophy  commences  in  the  first  stage  of 
tabes,  the  progressive  tendency  of  the  atrophy  is  often  great,  while  that  of 
spinal  lesion  is  slight.  When  amaurosis  is  an  early  sign,  the  disease  is,  as 
a rule,  of  long  duration. 

Acute  Bulbar  Apoplexy. — The  pupils  are  contracted.  Convergent 
strabismus  and  conjugate  deviation  may  be  present.  Palsy  of  the  levator 
palpebrae  superioris  has  been  observed.  There  may  be  retraction  of  the 
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globe,  which  is  supposed  to  be  due  to  the  involvement  of  a sympathetic 
centre  in  the  oblongata.  Nystagmus  is  common  in  lesions  of  the  pons. 

Asthenic  Bulbar  Paralysis  (Myasthenia  Gravis;  Erb’s  Disease). — This 
disease  is  characterized  by  muscular  fatigue,  especially  of  the  muscles  of 
mastication  and  those  of  the  neck.  The  eye-symptoms  observed  are: 
ptosis,  usually  bilateral,  and  other  ocular  palsies.  The  orbiculares  are 
often  involved.  The  internal  ocular  muscles  are  rarely  affected. 

Pseudobulbar  Paralysis  of  Cerebral  Origin. — This  affection  usually  has 
no  eye-symptoms.  If  they  are  found,  they  serve  to  establish  a differential 
diagnosis  from  true  bulbar  paralysis,  which  has  no  eye-symptoms.  When 
ocular  symptoms  are  present  they  may  consist  of  any  one  or  more  of  the 
following:  optic  neuritis,  optic-nerve  atrophy,  and  impossible  or  difficult 
voluntary  closure  of  the  eyelids,  while  reflex  closure  is  normal.  Other  vol- 
untary movements  of  the  eyeball  may  be  impossible,  although  all  involun- 
tary movements  take  place. 

Combined  Sclerosis  of  the  Spinal  Cord  (Ataxia  Paraplegia  of  Gowers; 
Postero-lateral  Sclerosis) . — Inequality  of  the  pupils,  irregularity  of  outline, 
and  sluggishness  in  the  mobility  of  the  iris  are  frequently  seen  in  this  affec- 
tion. The  pupillary  light-reflex  is  rarely  lost.  Optic-nerve  atrophy  has 
been  observed.  Loss  of  the  accommodation  reflex  with  retention  of  the 
light-reflex  has  been  reported. 

Friedreich’s  Ataxia  (Family  Ataxia). — Hereditary  ataxia  bears  con- 
siderable resemblance  to  locomotor  ataxia,  but  its  ocular  manifestations  are 
exceedingly  limited  as  compared  to  the  latter  affection.  Pseudo-nvst  igiius 
or  nystagmiform  movements,  increased  by  attempts  at  fixation  o:  a moving 
object,  is  the  only  ocular  characteristic  symptom.  In  Friedreich^  form, 
optic-nerve  atrophy  is  very  rare.  In  Marie's  form,  the  hereditary  cere- 
bellar ataxia,  it  is  a common  symptom,  as  is  also  a loss  of  papillary  reflex, 
which  is  not  found  in  Friedreich's  type.  In  Marie's  type,  changes  in  the 
form-  and  color-  fields  have  been  noted,  together  wi,h  a loss  of  visual 
acuity. 

Acute  Ascending  Paralysis  (Landry’s  Paralysis). — This  is  rarely 
accompanied  by  ocular  symptoms,  but  there  may  be  ocular  palsies,  paral- 
ysis of  accommodation,  and  mydriasis. 

Progressive  Myelitis. — Optic  neuritis,  usually  double,  is  rarely  asso- 
ciated with  myelitis  of  the  cord.  It  due  to  a similar  process  in  the  optic 
nerve.  If  the  disease  is  in  the  lower  cervical  or  the  upper  dorsal  region,  the 
cilio-retinal  centre  may  be  irritated  and  mydriasis  results,  or  it  may  be 
paralyzed  and  cause  miosn  The  disease  usually  reaches  its  height  in  two 
weeks.  Blindness  may  ensue  in  a day,  or  after  months.  If  the  disease  is  not 
fatal,  partial  recovery  of  vision  is  the  rule.  Loss  of  convergence  and  ac- 
commodation reflex,  with  retention  of  light-reflex,  has  been  observed.  Pain 
in  the  orbits  may  *sher  in  an  attack.  Central  scotoma,  a contracted  field, 
and  unilatera’  color-blindness  have  been  observed. 
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Superior  Encephalitis  (Acute  Hemorrhagic  Superior  Poliencephalitis  of 
Wernicke). — This  acute  inflammatory  process  is  analogous  to  poliomyelitis, 
and  has  been,  as  a rule,  fatal  in  from  ten  to  fourteen  days.  It  involves 
the  nuclei  of  the  ocular  nerves,  and  produces  rapid  paralysis  of  the  asso- 
ciated ocular  movements,  and,  later,  complete  paralysis  of  the  ocular  mus- 
cles. The  sphincter  iridis  and  the  levator  palpebrae  may  escape. 

Multiple  Neuritis. — Toxic  agents — such  as  alcohol,  lead,  arsenic,  mer- 
cury, copper,  phosphorus,  and  carbon  gases — which  may  cause  multiple 
neuritis  may  also  produce  a toxic  amblyopia.  The  vision  may  be  reduced. 
The  pupils  have  been  observed  to  be  dilated,  contracted,  or  irregular. 
Loss  of  light-reflex  has  been  reported.  It  is  probably  transient.  The 
accommodation  is  usually  disturbed  in  diphtheritic  neuritis.  In  the  latter 
disease  diplopia  occurs  in  10  per  cent,  of  cases,  and  less  frequently  in  alco- 
holic neuritis.  In  the  latter,  nystagmus,  or  nystagmiform  movements,  have 
been  observed.  The  motor  nerves  of  the  eye  may  be  singly  involved,  as  in 
ptosis,  but  there  may  be  complete  ophthalmoplegia,  which  is  usually  nuclear 
in  origin.  Optic  neuritis,  contracted  fields,  and  color-scotoma  may  com- 
plete the  eye-picture. 

Migraine  may  cause  portions  of  the  eyebrow  or  the  cilia  ^ the  lids  to 
turn  gray.  The  attacks  may  be  preceded  by  scintillating  scotomata  or 
visual  hallucinations.  Optic-nerve  atrophy  sometimes  bets  in  where  the 
disease  has  been  persistent  for  some  time.  It  is  likely  to  be  mistaken  for 
glaucoma.  Ophthalmic  migraine  (recurrent  oculomotor  palsy ; ophthal- 
moplegic migraine  of  Charcot ).  There  is  the  period  of  pain,  and  the  period 
of  paralysis.  It  is  unilateral.  There  may  be  a "visual  aura  consisting  of 
scotoma  scintillans,  muscae,  photophobia,  and  nemianopsia.  The  pain  may 
extend  throughout  the  head  and  generally  ends,  in  a few  hours,  in  an 
attack  of  vomiting.  The  period  of  paralysis  then  begins.  The  entire 
third  nerve  is  paralyzed,  the  iris  and  ciliary  muscle  being  included.  There 
is  no  reaction  to  light,  accommodation,  or  convergence.  The  duration 
may  be  a few  days  or  weeks.  Eecurrent  attacks  may  occur  after  weeks  or 
years.  Between  the  attaeks5  n certain  weakness  of  the  muscles  may  persist. 
There  may  be  complete  or  only  partial  ophthalmoplegia.  The  first  and 
second  branches  of  the  trigeminus  may  be  involved.  Mobius  attacks  Char- 
cot s opinion  that  the  affection  is  a form  of  migraine.  In  his  opinion  there 
is  a lesion  causing  the  palsy,  and  the  migraine  is  an  aura. 

Neuralgia.- -This  occasionally  gives  rise  to  canites.  Optic-nerve 
atroph)  L sometimes  found,  and  these  cases  should  be  suspected  of  glau- 
coma. Temporary  amaurosis  is  not  infrequent.  Neuropathic  keratitis 
with  ulceration  of  the  cornea  may  be  due  to  interference  with  the  trophic 
centre  of  the  fifth  nerve.  In  trifacial  neuralgia  there  may  be  tenderness 
aL,  t'ie  orbital  foramina,  and  lacrimation. 

Herpes  Zoster. — This  occurs  in  the  distribution  of  the  fifth  nerve, 
especially  the  ophthalmic  branch.  Blebs  may  form  on  the  cornea  and  the 
sight  may  be  more  or  less  reduced.  They  heal  with  a disfiguring  opacity. 
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General  Paralysis  of  the  Insane. — General  paresis  is  rarely  accom- 
panied by  optic-nerve  atrophy.  It  is  apt  to  occur  early  in  the  disease. 
The  most  important  pupillary  sign  is  the  absence  of  the  light-reflex.  Miosis 
may  be  extreme  in  the  early  stage,  followed  in  the  late  stage  by  mydriasis. 
There  is  variable  inequality  in  the  size  of  the  pupils.  Simple  constant  in- 
equality is  met  with  in  ordinary  insanity.  • 

Piltz  has  observed  the  myotonic  pupillary  reaction  of  Saenger,  in  which 
there  is  a very  slow  recovery  miosis  excited  by  light,  accommodation,  and 
convergence.  As  a rule,  there  is  a difference  in  the  promptness  of  the 
light-reflex  of  the  two  pupils.  The  Argyll-Bobertson  pupil  is  unusual, 
except  perhaps  for  a short  time  in  the  course  of  the  disease.  The  accom- 
modation reflex  is  sooner  or  later  involved.  The  statistics  as  to  the  fre- 
quency of  optic  atrophy  vary  from  2 to  42  per  cent.  It  is  likely  to  occur 
early  in  the  disease.  It  rarely  causes  complete  blindness. 

The  paradoxic  p'upil,  in  which  the  pupil  first  contracts  to  a beam  of 
light,  then  partly  dilates,  and  then  oscillates,  and  finally  remains  dilated 
widely,  regardless  of  the  light,  is  a forerunner  of  paresis.  There  may  be  an 
impairment  of  the  consensual  pupillary  ‘light-reflex.  The  third  and  sixth 
nerves  are  sometimes  involved  early.  Ptosis,  transient  nystagmus,  and 
twitching  of  the  lids  may  occur.  Mind-blindness  may  come  on  in  the  late 
stages.  The  field  of  vision  is  not  impaired  except  in  cases  where  there  is 
atrophy. 

Insanity. — Fundal  and  other  ocular  disturbances  are  so  rare  as  to  be 
considered  coincident.  Visual  hallucinations  may  annoy  the  patient. 
Miosis,  mydriasis,  Argyll-Bobertson  pupils,  paradoxic  pupils,  hippus,  de- 
formities of  and  inequality  in  the  size  of  the  pupils  have  been  ob^er^ed. 

Amaurotic  Family  Idiocy. — This  rare  family  disease  of  childhood  is 
characterized  by  changes  in  the  macular  regions  and  by  optic  -n<  rve  atrophy. 
The  child  is  born  apparently  in  perfect  health,  but,  wheu  a few  months  old, 
becomes  listless  and  apathetic,  and  a paresis  or  paralysis  gradually  affects 
the  greater  part  of  the  body.  A “cherry  spot.”  like  that  of  embolism  of 
the  central  artery,  appears  in  the  macular  regions  m the  midst  of  a pale 
area.  The  disc  gradually  becomes  atrophic,  and  blindness  ensues.  A 
state  of  marasmus  develops,  and,  genera  ly,  n about  two  years  there  is  a 
fatal  termination.  The  pathologic  changes  in  the  eyes  consist  of  a degen- 
eration of  the  ganglion  cells  of  the  retina,  and  the  fibres  of  the  optic  nerves 
and  tracts.  Similar  degenerative  ch  inges  occur  in  the  cortex  of  the  brain 
and  in  the  gray  matter  of  the  entire  central  nervous  system.  The  disease 
was  first  described  by  Waren  T ay,  in  1881. 

Congenital  Absence  of  ^he  Visual  System. — This  may  occur  in  associa- 
tion with  anophthalmc*  and  microphthalmos.  Congenital  deformities  of 
the  skull  may  cause  opi  ic  atrophy,  or  they  may  be  associated  with  it.  Chief 
among  such  deformities  is  the  oxycephalic  (steeple-shaped)  skull.  Blind- 
ness has  occurred  with  deformity  of  the  skull  without  disease  of  the  optic 
nerve  (Oliver). 
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Paralysis  Agitans. — A fine  fibrillary  tremor  takes  place  along  the 
margin  of  the  npper  lid,  which  is  especially  marked  when  the  eye  is  closed. 
Movements  of  the  eyeballs  are  occasionally  slightly  retarded.  Complete 
ophthalmoplegia  externa  was  observed  by  Minkowski.  Head  tremor  occurs, 
but  nystagmus  is  rare. 

Spasmus  Nutans;  Spasmus  Nictitans. — According  to  Thomson  and 
Spicer,  infants  with  spasmus  nutans  sometimes  show  a form  of  nystagmus 
in  which  the  eyes  alternately  and  rhythmically  converge  and  diverge;  or 
the  nystagmus  may  be  dissociated  in  which  the  movements  are  horizontal 
in  one  eye,  and  vertical,  rotary,  or  oblique  in  the  other.  According  to 
Schapringer,  the  nystagmus  may  disappear  from  one  eye  before  the  other. 
It  may  be  limited  to  one  eye.  The  direction  of  the  head  movements  and 
the  nystagmus  is  usually  the  same,  but  is  often  different. 

Infantile  Paralysis. — Usually  no  eye-symptoms  are  presented.  Optic 
neuritis,  hemianopsia,  paralysis  of  the  ocular  muscles,  and,  occasionally, 
nystagmus  have  been  noted.  Cases  with  optic  atrophy  associated  with 
diplegia  were  reported  by  Freund. 

Paralyzing  Vertigo  (Gerlier’s  Disease). — This  affection,  first  described 
by  Gerlier,  in  1887,  has  been  observed  in  Switzerland  among  workers  in 
stables.  The  ocular  symptoms  are:  ptosis,  usually  unequal  on  the  two 
sides;  temporary  dimness  of  vision,  and,  at  times,  a nar ‘owing  of  the  visual 
field.  Eperon,  and  also  Sulzer,  have  observed  a hyperemia  of  the  disc  and 
retinal  hemorrhages.  The  chief  symptoms,  other  than  of  the  eyes,  are 
pain  in  the  neck  and  muscular  weakness.  The  attacks  last  but  a few 
minutes  and  recovery  is  complete.  The  etiTocf'  is  unknown. 

Tetany. — A form  of  nuclear  cataract  which  progresses  very  slowly  has 
been  found. 

Hydrocephalus. — The  ocular  symptoms  of  this  disease  are  those  which 
result  from  pressure  on  the  optic  chiasma  by  the  distended  third  ventricle, 
namely:  bitemporal  hemianopsia,  cptic  neuritis,  and  optic-nerve  atrophy, 
the  latter  being  secondary  or  primary  according  to  the  severity  of  the 
attack.  Strabismus  is  not  uncommon. 

Acromegaly. — The  o)ebrows  are  coarse  and  heavy.  Thickening  of 
the  bony  walls  of  tho  orbit  may  cause  exophthalmos  and  intra-ocular  pains. 
Pressure  from,  a tumor  of  the  pituitary  gland  may  cause  double  optic  neu- 
ritis, optic-r  erve  atrophy,  and  bitemporal  or  homonymous  hemianopsia. 
Ocular  palsies  and  nystagmus  may  be  present.  The  irides  may  fail  to  re- 
act. There  may  be  hemianoptic  iritic  rigidity.  The  form-  and  color-  fields 
ma)  be  concentrically  contracted. 

S>ringomyelia. — This  disease,  generally  beginning  in  early  life  and 
becoming  progressively  worse,  is  characterized  by  atrophy  of  the  muscles 
of  the  upper  extremities,  loss  of  pain  and  temperature  sense,  and  vaso- 
motor and  trophic  disturbances.  It  is  caused  by  the  formation  of  a cavity 
or  tumor  in  the  spinal  cord,  involving  generally  its  centre,  and  the  posterior 
columns  and  horns  of  the  cervico-dorsal  regions,  extending^  perhaps,  into 
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the  pons.  The  eye-symptoms  are  not  common.  Maixner  found  3 cases  of 
optic  atrophy  in  32.  Schlesinger  found  paralysis  of  the  ocular  muscles  in 
11  per  cent,  of  300  cases.  The  sixth  nerve  is  most  frequently  involved, 
and,  next,  the  levator  branch  of  the  third.  Weakness  of  the  associated 
eye  movements  has  been  observed.  Nystagmus  and  nystagmoid  movements 
occur  in  15  per  cent,  of  cases,  according  to  Schlesinger,  who  believes  they 
are  due  to  an  internal  hydrocephalus.  Concentric  contraction  of  the  visual 
fields,  especially  for  colors,  was  noted  in  38  out  of  130  of  Schlesinger’s 
collected  cases.  Although  pupillary  disturbances  are  not  common^  miosis, 
anisocoria.,  and  loss  of  the  light-reflex  have  been  observed.  Paralysis  of 
the  sympathetic  fibres  may  cause  miosis,  enophthalmos,  narrowing  of  the 
palpebral  fissure,  and  diminished  ocular  tension.  The  fifth  nerve  may 
be  involved,  causing  pain  and,  later,  anesthesia.  Paralysis  of  the  facial 
nerve  may  cause  loss  of  power  in  the  lids  and  lagophthalmos. 

Thomsen’s  Disease  (Myotonia  Congenita). — This  rare  disease  is  char- 
acterized by  a rigidity  of  the  voluntary  muscles.  It  is  seen  in  different 
generations  of  neurotic  families,  and  is  either  a disease  of  the  muscles 
themselves  or  a trophoneurosis.  There  is  at  times  a disorder  of  the  mus- 
cular apparatus  of  the  eyes.  The  lids  may  partake  of  the  general  muscular 
stiffness.  Amblyopia  of  a temporary  character  has  been  observed. 

Epilepsy  has  no  characteristic  eye-symptoms,  although  few,  if  any, 
attacks  of  epileptic  convulsions  are  unaccompanied  by  more  or  less  of  them. 
The  most  frequent  is  visual  aura — a subjective  symptom  elicited  from  the 
patient.  He  may  describe  it  as  a sensation  of  light,  color,  flames,  or  flachL0. 
Visual  aura  is  strongly  indicative  of  organic  trouble  in  the  occipital  ^be, 
especially  if  homonymous.  Conjugate  lateral  deviation  of  the  eye*  co  the 
opposite  side  of  the  body  from  that  in  which  the  convulsive  movements 
began  may  occur  at  the  beginning  of  an  attack.  The  head  in  dines  in  the 
same  direction.  Later  the  eyes  turn  strongly  in  the  opposite  direction. 

The  action  of  the  pupils  during  an  attack  is  varied.  They  may  be 
strongly  contracted  or  widely  dilated,  or  they  may  be  both  during  the  same 
attack.  A rapidly  changing  pupil  after  an  attack  of  unrecognized  nature 
is  diagnostic  of  epilepsy.  Hippus  has  beer,  obser  ved.  The  ophthalmoscopic 
appearance  of  the  fundus  during  a convulsion  may  be  normal,  or  there  may 
be  extreme  pallor  of  the  disc  with  contraction  of  the  vessels,  or  hyperemia 
of  the  disc  with  dilation  of  the  vessels.  Following  the  convulsion  there 
is  often  a transient  concentric  nai -owing  of  the  field  of  vision  and  lowered 
acuity  of  vision.  The  contraction  of  the  field  of  vision  may  become  per- 
manent after  repeated  attacks. 

Subconjunctival  ecchyxuosis  and  opacity  of  the  lens  or  complete 
cataract  following  an  eph  sptic  seizure  are  to  be  regarded  as  accidents  rather 
than  as  symptoms  oi  the  disease. 

We  have  tee.''  considering  epilepsy  and  its  ocular  symptoms  as  of 
organic  origin,  cut  it  should  also  be  considered  as  a reflex  phenomenon  due 
to  an  irrita  ion  the  seat  of  which  may  be  in  the  eye  itself.  An  error  of 
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refraction,  especially  one  of  high  degree,  or  much  astigmatism  is  sometimes 
the  cause,  and  its  correction  may  prevent  or  ameliorate  the  attacks.  In 
the  same  manner  the  correction  of  muscular  insufficiencies  by  advance- 
ments and  tenotomies  has  effected  cures,  hut  the  results  have  not  been  as 
brilliant  as  could  be  reasonably  expected. 

Chorea. — Blepharospasm  is  sometimes  a forerunner  of  a general  attack 
of  chorea.  As  in  epilepsy,  errors  of  refraction  and  muscular  insufficiencies 
seem  at  times  to  be  the  cause  of  chorea,  and  wearing  the  proper  correction 
may  cure  the  disease.  In  the  few  cases  reported  of  embolism  of  the 
cerebral  artery  accompanying  chorea,  the  coexistence  of  endocarditis  with 
which  chorea  seems  to  be  so  intimately  connected  has  been  assigned  as  the 
cause  of  the  emboli.  Chorea  not  infrequently  shows  a low-grade  neuro- 
retinitis, and  even  a decided  papillitis  has  been  observed. 

Exophthalmic  Goitre  (Graves’s  Disease;  Basedow’s  Disease). — Various 
theories  have  been  advanced  as  to  the  cause  of  exophthalmic  goitre.  They 
point  to  a nervous  origin  to  account  for  the  three  pronounced  symptoms, 
namely:  exophthalmos , enlargement  of  the  thyroid,  and  tachycardia.  The 
last  is  the  most  constant.  Either  of  the  others  may  be  wanting.  Then  is  in- 
variably a state  of  nervous  irritability  and  usually  a tremor  of  the  ex- 
tremities. Until  recently  a lesion  of  the  cervical  sympathetic  was  supposed 
to  cause  a paralysis  of  the  vasomotor  nerves  producing  vascular  dilation 
of  the  carotids  and  the  vessels  supplying  the  thyro  d md  the  orbits,  the 
tachycardia  resulting  from  irritation  of  the  excitomotor  nerves  of  the 
heart.  Division  of  the  sympathetic  experimental  by  in  animals  has  failed 
to  produce  these  results.  Filehne  divided  ffie  restifonn  bodies  and  pro- 
duced an  exophthalmos,  but  no  tumefaction  of  the  thyroid.  He  believes, 
in  accordance  with  Sattler’s  theory,  that  there  is  a lesion  of  an  area  of 
the  brain  the  nerve-fibres  of  which  pass  through  the  restifonn  body,  the 
vagus  being  involved  to  accoum  for  the  tachycardia,  the  exophthalmos 
and  goitre  being  caused  by  the  absence  of  the  vasomotor  supply — and  the 
consequent  vascular  dilation. 

The  eye-symptoms  may  first  direct  attention  to  the  disease.  The  ex- 
ophthalmos, or  proptosis,  may  be  the  most  prominent.  It  may  be  noticed 
that  when  the  eyeball  is  directed  downward  the  upper  lid  does  not  follow  it 
steadily,  but  in  i jerky  manner  (von  Graefe’s  sign).  The  upper  lid  is  more 
or  less  retracted  ( Valrymple’s  sign).  These  two  symptoms  may  be  wanting. 
Owing  to  the  proptosis,  the  lids  do  not  come  together  during  the  act  of 
winking,  a.ffi  this  gives  rise  to  Stellwag’s  sign , which  is  an  imperfect  and 
abnormal  infrequency  of  nictitation.  There  may  be  a minute’s  time  between 
the  involuntary  winking  movements.  There  may  be  a weakness  of  binocular 
°oi*  mergence  (Mobhis’s  sign)  which  is  not  dependent  upon  the  exophthalmos 
as  a mechanical  impediment  to  ocular  movements.  It  does  not  produce 
diplopia.  Palsy  of  each  and  all  of  the  external  ocular  muscles  has  been 
reported.  The  ciliary  muscle  and  the  iris  seem  to  have  escaped.  Palsy 
of  the  facial  and  hypoglossal  nerves  is  recorded.  Some  of  these  cases 
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were  complicated  by  hysteria.  Rosenbach  s,  or  Iiom&n  s , sign  is  the  trem- 
bling of  the  upper  lid  when  the  patient  gently  closes  the  eyes.  It  dis- 
appears on  opening  the  eyes.  It  has  been  observed  in  health.  Cases  of 
nystagmus  have  been  reported.  Gifford’s  sign  is  the  inability  or  great  dif- 
ficulty to  evert  the  upper  lid  on  account  of  the  retraction  and  rigidity 
of  the  lids.  When  it  occurs,  it  appears  early  and  disappears  in  from 
three  to  six  weeks.  A broum  pigmentation  of  the  lids  has  been  observed 
as  an  early  symptom  (Jellinck).  Epiphora  is  regarded  by  Berger  as  an 
early  symptom. 

Among  the  other  symptoms  observed  are:  an  overhanging  fold  of  the 
skin  of  the  upper  lid;  a sac-like  prominence  of  the  lower  margin  of  the 
lower  lid;  redness  of  the  skin  following  touch  (the  “tache  cerebrate”)  ; 
periodic  edema ; loss  of  eyebrows  and  eyelashes ; ulcer  and  sloughing  of  the 
cornea ; impairment  of  the  sensibility  of  the  cornea ; moderate  dilation  and 
inequality  in  the  size  of  the  pupils ; slight  enlargement  of  the  arteries  and, 
in  some  cases,  of  the  veins  of  the  fundus;  arterial  pulsation;  optic  neuritis; 
optic  atrophy,  and  contraction  of  the  fields  of  vision.  Twelve  cases  of 
unilateral  exophthalmos  were  collected  by  Friedenburg,  and  Posey  and  Swin- 
dells collected  14  more.  Kocher  believes  that  exophthalmic  goitre  can  be 
recognized  by  the  tremor  and  the  retraction  of  the  upper  eyelids  before  there 
is  any  protrusion  of  the  eyeballs.  If  the  patient  looks  intently  at  an  object 
moved  rapidly  up  and  down,  a momentary  retraction  of  the  lids  inevitably 
follows.  He  ascribes  this  lid  action  to  the  toxic  irritation  of  the  muscie- 
fibres  of  Muller  or  Landstrom. 

INJURIES  TO  THE  SPINAL  CORD. 

Injuries  and  tumors  involving  the  spinal  cord  above  the  second  dorsal 
vertebra  may  cause  a low-grade  and  temporary  optic  neurits.  Irritation  of 
the  cervical  sympathetic  nerves  will  cause  enlargement  of  the  pupil,  widen- 
ing of  the  palpebral  aperture,  exophthalmos,  and  von  Graefe’s  sign.  A 
paralysis  of  the  cervical  sympathetic  will  have  tie  reverse  effect.  In  bra- 
chial-plexus paralysis,  when  the  first  dorsal  room  ,\re  involved,  there  will  be 
contraction  of  the  pupil  and  narrowing  of  the  y alpebral  aperture. 

NEURASTHENIA,  HYSTERIA,  *ND  TRAUMATIC  NEUROSES. 

Among  the  ocular  manifestations  of  these  neuroses  are:  disturbances 
of  vision,  such  as  asthenopia  amblyopia,  and  amaurosis;  irregularities  in  the 
fields  of  vision;  spasm  and  paralysis  of  the  ciliary  muscle,  the  iris,  the 
extra-ocular  muscles,  ana  tie  lids ; anesthesia  of  the  conjunctiva,  the  cor- 
nea, and  the  lids;  discoloration  and  edema  of  the  lids;  epiphora,  and  bloody 
tears;  chromatopsia. 

The  sight  may  become  weak,  partly  or  even  totally  lost,  without 
any  organic  crime,  but  merely  from  functional  nervous  derangement.  The 
hysteric  element  which  underlies  these  conditions  occasions  contradictory 
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and  confusing  reports,  and  care  must  be  exercised  lest  such  a patient  be 
considered  a malingerer.  The  sight  of  an  hysteric  amblyopic  eye  may  be 
improved  by  a plane  glass,  which  by  psychic  effect  would  remove  the 
inhibition  to  sight.  The  ophthalmoscope  may  show  a perfectly  normal 
eye-ground,  and  no  error  of  refraction  may  be  present. 

Neurasthenia. — By  exhaustion  of  the  accommodation  and  insufficiency 
of  the  interni  muscles,  the  neurasthenic  patient,  especially  when  a school- 
child,  will  complain  of  blurred  vision,  lacrimation,  and  headache.  The 
visual  acuity  is  often  much  less  than  the  error  of  refraction  would  in- 
dicate. Tinted  glasses  may  greatly  improve  the  vision.  Photophobia,  visual 
hallucinations,  muscse,  and  photopsia  (bright-colored  or  glittering  spots 
before  the  eyes)  are  sometimes  experienced.  Depression  or  excitation  of 
spirits,  irritability  of  temper,  insomnia,  and  vertigo  are  sometimes  accom- 
paniments of  this  condition.  In  adults  the  subjective  symptoms  of  neuras- 
thenia are  periorbital,  supra-orbital,  or  vertex  pains;  shooting  and  boring 
pains  in  the  eyeballs,  and  pain  on  eye-movements.  Sensations  of  heat  or 
cold  and  dryness  of  the  lids  may  be  noticed.  When  glasses  are  worn,  the 
patient  may  complain  of  the  reflection  of  light  from  the  edges  of  the  glass 
or  from  the  frames.  The  patient  may  persistently  see  the  tip  the  nose. 
“Morning  ptosis”  has  been  observed  by  Gowers,  and  “nipht  ptosis” 
by  Weir  Mitchell.  There  may  be  inability  to  close  the  lido  vhcn  the  patient 
is  standing  with  his  feet  together — Romberg’s , or  Rose^lncVs,  sign . There 
may  be  a weakness  of  the  convergence  power.  Nystagmus  has  been  ob- 
served, and  so  also  has  hippus. 

The  fields  of  vision  may  be  contracted , th  3 amount  of  contraction 
varying  from  time  to  time.  In  hysteria,  vn  the  contrary,  it  does  not  vary. 
The  asthenopia  of  the  neurasthenic  ma>  aho  show  in  the  shifting  field 
of  Forster , in  which  the  extent  of  the  held  is  greater  on  that  side  where 
the  test  is  begun,  i.e .,  if  we  begin  or.  Ihe  nasal  side  and  cross  over  to  the 
temporal  side,  through  the  fixa  : ion -point,  the  test-object  will  disappear 
on  the  temporal  side  nearer  to  the  fixation-point,  showing  greater  con- 
traction on  that  side.  If.  however,  we  commence  on  the  temporal  side, 
we  will  find  that  sidr  of  tl  e field  will  be  the  greater.  In  other  words, 
the  broader  side  of  the  field  shifts. 

Wilbrand  s exhaustion- field  is  practically  the  same  test  confined  to  the 
horizontal  meridian  Each  repetition  of  the  test  in  the  same  meridian  re- 
duces the  field  .hie  smallest  field  that  can  be  obtained  is  called  the  “mini- 
mal visual  field,”  and  the  largest  the  “maximal  visual  field.”  When  the 
test  is  made  with  the  white  test-object,  it  is  found  that  the  fatigue  for  color 
is  not  aTeoted  as  it  is  for  white,  and  vice  versa . 

The  Fatigue  Spiral  Field  (Exhaustion  Spiral). — If  a complete 
deli  ) 3 taken  and  repeatedly  taken,  in  this  form,  it  becomes  smaller  and 
smaller,  and  a line  connecting  the  points  assumes  a spiral  form. 

The  Oscillating  Visual  Field  (Wilbrand).— In  this  form  the 
test-object  disappears  and  reappears,  when  moved  radially,  producing 
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line-like  scotomata.  It  occurs  when  the  test-object  is  white  or  colored.  It 
is  uncommon. 

Recuperative  Extension  Field  (von  Reuss). — In  this  type  the  con- 
tracted field  enlarges  after  rest  from  fatigue. 

In  explanation  of  the  fatigue-fields,  Wilbrand  believes  that  the  insuffi- 
ciency of  the  retina  is  due  to  changed  conditions  of  metabolism,  affecting 
the  external  layer  of  the  retina.  Peters  ascribes  such  fields  to  a disturb- 
ance of  innervation  in  the  transmission  of  nerve-stimuli  from  the  retina  to 
the  optic  tracts.  Plazek  thinks  there  is  a blunting  of  the  centre  of  con- 
sciousness. Simon  believes  that  there  is  a fatigue  of  the  psychic  sphere. 
Schmidt-Rimpler  believes  that  inattention  and  lack  of  the  power  of  con- 
centration account  for  the  contraction  of  the  visual  fields  (de  Schweinitz, 
in  Posey  and  Spiller). 

Hysteria. — Patients  suffering  with  this  neurosis  may  have  asthenopia, 
lacrimation,  photophobia,  and  periorbital  pains.  Paroxysms  of  headache 
accompanied  by  scintillating  scotomata,  hemianopsia,  and  other  visual  dis- 
turbances, and  ending  in  nausea  and  vomiting,  have  been  called  hysterical 
ophthalmic  migraine.  The  most  pronounced  symptom  of  hysteria  is  some 
form  of  amblyopia,  or,  more  rarely,  an  amaurosis,  affecting  one  or  both  eyes, 
hut  usually,  when  the  blindness  is  complete,  only  one.  The  amaurosis  is 
not  due  to  any  involvement  of  the  ocular  apparatus,  hut  is  a functional 
involvement  of  the  cortical  centres.  Prince  says : “The  hysterical  blind 
see,  but  their  visual  sensations  are  not  in  connection  with  their  dominating 
waking  consciousness.”  There  are  no  discernible  changes  in  the  eye- 
grounds.  In  apparent  monocular  amaurosis  it  is  often  possible  to  p:ove 
binocular  vision  by  the  prism  test,  two  objects  being  seen  when  a prism  is 
vertically  placed  before  one  eye.  Such  a patient  is  not  necessarily  a 
malingerer.  A malingerer  would  not  present  the  characteristic  changes  in 
the  fields  of  vision  and  the  color-fields.  There  is  usually  a concentric  con- 
traction of  the  field  of  vision,  which  may  be  so  extreme  as  to  be  “tubular.” 
The  “oscillating  field,”  previously  described,  is  pamcujRily  characteristic  of 
hysteria.  Central,  and  annular  or  zonular,  scotomata  have  been  observed. 
The  “shifting”  field  of  Forster,  Wilbrand^  “ exhaustion”-field,  the  “fatigue 
spiral”  field,  and  the  “recuperative  extension”  field  are  more  typical  of 
neurasthenia,  but  are  frequently  seer  in  hysteria. 

Changes  in  the  color-fields  are  nercicularly  characteristic  of  hysteria. 
They  are  contracted  as  a rule,  am'  ti  e colors  are  often  inverted,  presenting 
the  so-called  reversal,  invei  sum,  or  transposition  of  the  color-fields,  the 
normal  order  of  the  colons  in  the  fields  being,  from  without  inward,  blue, 
yellow,  red,  green,  violet.  In  hysteria  they  may  not  appear  in  this  order, 
the  red  especially.  Th^  latter  may  be  seen  beyond  the  field  for  blue. 
Hysterical  dyschron  at  )pda  and  achromatopsia  have  been  observed.  Dimi- 
nution of  the  light-sense  and  the  color-sense  has  been  observed,  and  it 
should  correspond  to  the  amount  of  the  reduction  in  the  form-  and  color- 
fields.  TIk ; examination  is  made  with  a photometer. 
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Hemianopsia  has  been  frequently  noted.  It  is  usually  transitory.  It 
may  assume  the  homonymous,  the  bitemporal,  and  even  the  binasal  form. 
Janet  believes  there  is  a stage  between  hysterical  amaurosis  and  recovery 
which  may  appear  as  an  hemianopsia. 

Hysterical  Spasm  of  Accommodation,  or  Cyclospasm,  is  one  of 
the  most  frequent  manifestations  of  hysteria.  It  produces  an  apparent 
paresis  of  accommodation  for  near  vision  and  an  apparent  myopia  for 
distance.  In  other  words,  the  punctum  proximum  recedes  and  the  punctum 
remotum  advances.  A convex  glass  would  be  required  to  regain  the  near 
point,  and  a concave  glass  to  regain  distant  vision  (Parinaud).  Such 
spasm  may  be  unilateral  or  bilateral.  A similar  condition  can  be  produced 
by  eserin. 

Hysterical  Paralysis  of  Accommodation  is  not  as  common  as 
the  preceding.  It  is  usually  observed  in  young  people.  They  are  unable 
to  read  tine  print  at  the  usual  distance.  In  hysterical  convergence  weak- 
ness, or  paralysis,  the  near  point  recedes  and  the  far  point  advances.  If 
the  patient  is  able  to  converge  to  the  usual  near  point  he  does  so  only 
momentarily.  Convergence  spasm  and  convergent  strabismus  are  rather 
frequent  in  hysteria.  They  are  usually  associated  with  spasm  o*  accommo- 
dation. When  diplopia  occurs  there  is  not  the  usual  separation  of  the 
images  when  the  test-object  is  moved  from  side  to  side 

Hysterical  Pseudoptosis,  or  Pseudo  paralytic  Ptosis  (Parinaud), 
is  due  to  a partial  spasm  of  the  orbiculares,  and  not  co  a paresis  of  the 
levator.  If  the  patient’s  attention  is  diverted  ue  may  raise  the  lid.  If 
the  lid  is  raised  for  him,  there  is  some  res;  stan  ie,  and  when  released  the 
lid  does  not  fall  as  readily  as  in  paralytic  piosis.  Charcot  and  Landolt 
observed  that  in  pseudoptosis  the  brow  is  depressed  by  the  contraction  of 
the  orbiculares  instead  of  being  elevated  by  a contraction  of  the  occipito- 
frontalis, as  it  is  in  true  ptosis.  A number  of  cases  of  true  ptosis  of  hysterical 
origin  have  been  reported,  but  hey  are  much  rarer  than  pseudoparalytic 
ptosis. 

Hysterical  Ophthalmoplegia. — Many  cases  of  palsy  of  the  external 
ocular  muscles  have  been  reported.  Voluntary  ocular  movements  cannot  be 
made,  although  movements  may  occur  unconsciously. 

Monocular  diplopia  and  polyopia  not  infrequently  complicate  hysteric 
amblyopia.  They  are,  however,  rarely  complained  of  by  the  patient,  and 
are  elicited  cub  after  a careful  test.  The  phenomena  are  really  due  to 
different  images  being  thrown  on  the  retina  when  the  eye  is  unable  to  focus, 
while  there  is  a spasm  of  the  accommodation.  Each  sector  of  the  lens  pos- 
sesses c focal  point  of  its  own  capable  of  throwing  a distinct  and  separate 
image  of  the  same  object  on  the  retina.  Paralysis  of  associated  ocular 
movements  has  been  reported.  Nystagmus  has  been  noted.  In  most 
cases  of  hysteric  amaurosis  the  pupil  reacts  normally  to  light.  This  may 
serve  to  differentiate  hysteria  from  other  forms  of  blindness.  There  may 
be  spasmodic  or  paralytic  mydriasis  or  miosis.  The  paradoxic  pupil 
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reaction,  in  which  the  pupil  dilates  under  the  influence  of  light,  has  been 
observed  by  Westphal  and  by  Lepine.  Hippus  has  also  been  observed. 

Ocular  Neuroses  Following  Traumatism. — The  most  marked  manifesta- 
tion is  concentric  contraction  of  the  field  of  vision,  but  it  is  not  always 
present  or  pronounced.  The  color-fields  show  greater  variation  than  the 
form-fields,  but  their  relative  boundaries  are  not  often  changed.  Both 
eyes  are  usually  affected.  Hemianesthesia  when  present  is  usually  on  the 
side  of  the  more  contracted  field.  The  fatigue-fields  may  be  present. 

The  pupillary  reflexes  are  usually  normal,  but  may  be  wanting.  There 
may  be  a difference  in  the  size  of  the  pupils.  Insufficiency  of  the  internal 
recti  muscles  is  not  rare.  Blepharospasm,  photophobia,  and  sensations  of 
light  and  color  may  be  present. 


CHAPTER  XXV. 


PREPARATION  FOR  OPHTHALMIC  OPERATIONS. 

The  successful  practice  of  the  operative  surgery  of  the  eye  requires  a 
combination  of  factors,  all  cf  which  must  harmonize  if  the  desired  result 
is  to  be  attained.  It  is  necessary  to  consider  the  preparation  of  the  surgeon 
and  of  his  assistants,  the  preparation  of  the  patient,  the  advisability  of  em- 
ploying  an  anesthetic,  the  judicious  selection  and  preparation  of  instruments, 
and,  finally,  the  surroundings  of  the  patient  during  and  after  the  operation. 

Qualifications  of  the  Surgeon. — It  is  assumed  that  the  ophthalmic 
surgeon  is  an  educated  gentleman.  He  should  not  be  so  young  as  to 
destroy  confidence  nor  so  old  and  feeble  as  to  jeopard,  by  unskillful  manip- 
ulation, the  result  of  an  operation.  He  should  have  excellent  vision.  His 
hand  should  be  steady.  He  should  be  a good  judge  of  human  nucure  and 
should  have  the  art  of  inspiring  confidence.  His  habits  ci  life  should  be 
regular.  He  should  not  be  given  to  excesses  of  any  ki iA.  He  should  be 
quiet,  thoughtful,  studious,  and  attentive.  He  shou  d 3e  considerate  of 
the  feelings  of  his  patient  and  of  his  confreres . He  snjuld  be  circumspect 
in  his  opinions,  respectful  to  his  superiors,  jmt  to  his  colleagues,  and 
honorable  in  his  dealings  with  them  and  with  the  public.  He  should  be 
not  too  eager  to  adopt  new  methods  of  doubtful  utility  or  too  slow  to  profit 
by  new  ideas  and  discoveries.  He  should  willingly  give  his  time  and 
talents  to  the  poor.  From  time  to  ti  ne  he  should  publish  the  results  of 
his  observation  and  experience,  jzl  oAfier  that  other  members  of  the  pro- 
fession may  profit  thereby.  He  should  frequently  visit  the  clinics  of  the 
great  masters  of  ophthalmology  to  keep  pace  with  the  rapid  advances 
which  are  being  made  in  cnc  science  and  art  of  ophthalmic  surgery.  His 
assistants  should  be  selected  with  care  and  with  a view  solely  to  their 
qualifications. 

Advanced  ag>  is  not  a disqualification  for  a surgeon,  provided  his 
hand  be  steady  ^nd  his  vision  good.  Owing  to  narrowing  of  the  pupil,  the 
aged  surgeon  wfil  require  more  light  than  his  younger  confrere . Presbyopia 
of  high  c mount  will  limit  the  surgeon's  usefulness,  since  he  can  see  clearly 
at  only  ^ fixed  distance.  The  disadvantages  of  age  are  often  more  than 
balanced  by  the  teachings  of  experience. 

~f  not  ambidextrous,  the  surgeon  should  become  so  by  practicing  upon 
the  eyes  of  dead  persons  or  on  those  of  animals.  For  the  purpose  of 
acquiring  proficiency  in  this  line  the  enucleated  eyes  may  be  fastened  in 
an  operating  mask  (ophthalmophantome),  which  permits  of  an  extensive 
(796) 
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range  of  movement.  The  ambidextrous  surgeon  possesses  a marked  ad* 
vantage  over  his  confrere  who  is  not  thus  equipped,  and  this  advantage  is 
particularly  noticeable  in  such  delicate  procedures  as  iridectomy  and 
cataract  extraction. 

Preparation  of  the  Surgeon  and  Assistants. — Cleanliness  is  a necessity 
in  ophthalmic  surgery.  This  means  that  the  operator,  his  assistants,  his 
instruments,  and  his  patient  should  be  aseptic  or  in  a state  as  nearly  ap- 
proaching thereto  as  is  possible.  The  surgeon’s  clothes,  his  nose  and  mouth, 
and  his  beard  (if  one  is  worn)  should  be  clean.  Special  attention  should  be 
given  to  the  preparation  of  the  hands.  The  following  routine  is  recom- 
mended : — 

1.  Washing  with  ordinary  soap  and  hot  water. 

2.  The  finger-nails  should  be  cleaned. 

3.  Weir’s  method  of  hand-disinfection  should  be  employed. 

After  washing  as  above,  a tablespoonful  of  small  crystals  of  sodium  car- 
bonate is  placed  in  the  palm  of  one  hand,  to  which  one-third  as  much 
chlorid  of  lime  is  added.  After  moistening  with  water,  the  mixture  is  to 
be  rubbed  into  the  skin.  This  should  be  followed  by  a rubbing  with  a 
sterile  towel  and  by  rinsing  in  sterile  water,  in  bichlorid  solution  (1  to 
3000),  or  by  washing  in  a solution  of  permanganate  of  potassium  followed 
by  an  oxalic-acid  solution  for  decoloration.  The  sodium-carbonate  lime- 
chlorid  method  releases  chlorin-gas  and  reaches  recesses  of  the  skin  which 
by  other  methods  of  preparation  may  not  be  cleared  of  pathogenic  bacteric 

4.  After  preparing  his  hands  the  surgeon  should  not  touch  unsmrile 
substances  until  after  the  operation  has  been  finished. 

Preliminary  Preparation  of  the  Patient. — Operations  are  d.  visible  into 
those  of  election  and  those  of  necessity.  In  the  former  tire  is  given  in 
which  to  examine  the  general  state  of  the  patient,  and  to  institute  such 
treatment  as  is  necessary  to  place  him  in  the  most  favorable  condition  for 
operative  measures.  In  the  latter  class  of  cases  the  eergeon  has  no  time  in 
which  to  institute  general  treatment.  He  must  be  content  with  determining 
the  state  of  the  heart  and  great  vessels  and  of  the  lungs,  if  a general  anes- 
thetic is  required. 

Wherever  it  is  possible  to  do  so,  eye  opera  dons  should  be  placed  in  the 
class  of  operations  of  election.  Nearly  ail  cases  of  cataract,  of  strabismus, 
and  of  lid  diseases  will  naturally  fall  order  this  division,  while  many  cases 
of  injury  and  of  glaucoma  will  require  immediate  intervention. 

Rheumatism,  gout,  diabe  .es,  albuminuria,  arteriosclerosis,  bronchitis, 
cold  in  the  head,  alcoholism,  epilepsy,  and  cardiac  and  hepatic  affections 
should  be  treated  systemically  and  systematically  for  some  time  before  opera- 
tion. If  the  patient  is  of  advanced  age  and  is  decrepit,  the  administration 
of  tonics  and  stimulants  will  be  required. 

While  age  in  itself  is  not  a barrier  to  a successful  operation,  the  prog- 
nosis in  decrepit  individuals  is  less  favorable  than  in  those  who  are  stronger. 
Old  people  should  not  be  permitted  to  lie  on  their  backs  for  long  periods. 
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since  hypostatic  pneumonia  may  develop.  Any  general  or  local  septic  condi- 
tion which  may  be  present  should  receive  attention.  The  same  is  true  of 
skin  diseases,  particularly  those  which  cause  itching. 

Search  should  be  made  for  hemophilia.  If  the  patient  is  a “bleeder” 
or  comes  from  a family  of  bleeders,  the  fact  will  not  only  have  a bearing 
upon  the  prognosis,  but  will  influence  the  choice  of  operative  procedures. 
The  hemophile  should  be  given  a course  of  preparatory  treatment. 

Attention  to  the  condition  of  the  throat  and  nasal  chambers  of  the 
patient  is  of  importance.  If  pharyngitis,  tonsillar  enlargement,  or  rhinitis 
be  present,  either  in  acute  or  in  chronic  forms,  it  will  be  advisable  to  insti- 
tute a course  of  local  treatment  before  proceeding  to  operate  upon  the  eye 
or  its  adnexa.  The  state  of  the  lacrimal  passages  is  of  great  importance  in 
any  case  which  requires  opening  of  the  eyeball.  If  dacryocystitis  is  present 
it  should  be  thoroughly  treated  long  before  the  execution  of  any  operation 
upon  the  globe. 

The  evening  before  the  operation  the  patient  should  take  a bath,  and, 
if  a male,  should  be  shaved.  The  epilation  of  the  cilia  a few  days  before  the 
operation  has  been  advocated  by  Schioetz  and  Hjort.  This  practice  has  not 
met  with  favor.  Some  surgeons,  for  the  purpose  of  determinxTg  whether 
the  conjunctiva  is  inflamed,  apply  a test  bandage  the  evening  be:ore  opera- 
tion. This  procedure  is  valueless,  unless,  as  in  the  method  of  Schmidt- 
Rimpler,  care  is  taken  to  inoculate  the  cornea  of  a rabbi!-  with  the  accumu- 
lated secretion. 

Time  for  Operation. — Eye  operations  are  performed  successfully  in  all 
seasons.  It  will  be  best,  however,  to  avoid  th  e ex<  :esrively  hot  or  extremely 
cold  periods.  The  spring  and  fall  are  tL*  seasons  which  find  favor  with 
the  majority  of  ophthalmic  surgeons.  Operations  can  be  made  at  any  hour 
of  the  day  or  night,  provided  skilled  assistants  and  proper  illumination  can 
be  secured.  Many  ophthalmologists  ajerate  in  the  morning.  Perhaps  an 
equal  number  will  prefer  the  afternoon.  It  has  long  been  the  author’s  habit 
to  operate  in  the  latter  part  o.  Lie  day,  both  for  personal  comfort  and  for 
the  reason  that  the  patient  yil\  then  have  but  a few  hours  of  discomfort, 
sleep  soon  occurring.  This  is  particularly  advantageous  in  the  case  of 
cataract  patients,  whi  > if  operated  early  in  the  day,  are  likely  to  rest  badly 
the  first  night. 

Preparation  of  che  Region  of  Operation. — Although  the  sterilization 
of  even  limit'd  ireas  of  the  conjunctiva  is  impossible,  the  necessity  for 
careful  preparation  of  the  field  of  operation  is  not  the  less  important. 
The  manner  of  preparing  the  visual  apparatus  for  an  operation  will  vary 
according  to  whether  the  globe  and  its  adnexa  are  normal  or  are  in  a state 
of  ii  flammation. 

mhe  Globe  and  Adnexa  are  Normal. — A few  hours  before  the  opera- 
tion the  skin  of  the  forehead,  cheeks,  and  eyelids  is  to  be  washed  with  soap 
and  warm  water;  then  with  alcohol  or  ether,  to  remove  fatty  substances; 
then  with  water,  and  finally  with  bichlorid  solution  (1  to  2000).  The  con- 
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junctiva  is  to  be  flushed  with  sterile  water  or  with  a sterile  physiologic  salt 
solution.  Particular  attention  is  given  to  the  skin  of  the  lid-margin,  about 
the  roots  of  the  cilia.  Some  of  the  French  surgeons  are  in  the  habit  of  ap- 
plying an  oily  solution  of  the  biniodid  of  mercury  (1  to  2000)  to  the  ciliary 
margin.  It  is  advisable  to  remove  the  secretions  of  the  sebaceous  and  Mei- 
bomian glands  by  compressing  the  margin  of  the  lid  between  the  thumb  and 
fingers. 

The  Globe  and  its  Adnexa  are  Inflamed. — Careful  search  should 
be  made  for  inflammation  of  the  lid-margins,  of  the  conjunctiva,  of  the 
lacrimal  passages,  and  of  the  nasal  fossae.  If  time  permits,  any  disorder  of 
these  parts  should  be  treated  before  proceeding  with  the  operation.  A sim- 
ple epiphora  is  not  a bar  to  intervention,  but  it  is  necessary  that  a lacrimal 
probe  be  passed  into  the  sac  and  upper  part  of  the  duct  and  that  the  pas- 
sages be  irrigated  with  bichlorid  solution.  Acute  diseases  of  the  adnexa 
are  rapidly  improved  by  appropriate  measures;  others,  on  the  contrary, 
require  a long  course  of  treatment.  In  case  of  absolute  urgency  a dacryo- 
cystitis may  be  treated  by  the  excision  of  the  sac,  or  the  canaliculi  may  be 
obliterated  by  means  of  the  galvanocautery.  If  the  operation  admits  of  post- 
ponement, it  will  be  wise  to  treat  the  inflamed  tissues  for  several  days  or 
weeks. 

Assistants. — For  most  ophthalmic  operations  only  one  assistant  will  be 
required.  His  duties  will  consist  chiefly  in  anesthetizing  the  eye,  in  mop- 
ping up  blood  or  secretions,  and  in  passing  the  instruments  to  the  surgeon. 
In  complicated  procedures,  such  as  resection  of  the  outer  wall  of  the  orbit, 
the  removal  of  tumors  which  involve  the  adjacent  parts,  excision  of  the 
sympathetic  nerve,  and  extensive  plastic  operations,  several  ass’staiAs  will 
be  required.  One  will  be  needed  to  give  the  general  anesthetic,  another 
to  handle  gauze  mops  which  are  used  to  remove  the  blood,  aid  a third  to 
pass  the  instruments  to  the  surgeon.  In  such  procedure"  as  the  extraction 
of  cataract  or  the  performance  of  iridectomy  one  (ruined  assistant  will 
suffice.  The  anesthetist  should  be  selected  with  care,  and  should  attend 
strictly  to  the  giving  of  the  anesthetic  and  to  nothing  else.  He  should  be 
familiar  with  the  treatment  of  the  accident,  which  sometimes  occur  from 
the  administration  of  chloroform  or  ethei . 

Preparation  of  the  Instruments. — All  large  instruments  should  be 
washed  with  soap  and  water  and  brushed  before  and  after  using.  Fine  in- 
struments, such  as  cataract-kniv  3S  and  needles  and  keratomes,  should  be 
dipped  in  water  and  dried  with  gauze,  care  being  taken  not  to  injure  their 
blades.  Scissors,  knives,  keratomes,  cystitomes,  and  iris-forceps  should  be 
sharpened  at  short  intervals.  All  instruments  should  be  made  of  metal. 
They  should  be  purchased  of  a reliable  manufacturer.  Cheap  instruments 
should  not  have  a place  in  the  armamentarium  of  the  ophthalmic  surgeon. 
The  author  prefers  the  instruments  made  by  Tiemann  (New  York)  or 
those  manufactured  by  Weiss  (London).  Cataract-knives  and  keratomes 
should  be  carefully  tested  upon  a trial  drum  before  they  are  sterilized. 
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Their  points  and  edges  should  be  perfectly  sharp.  It  will  he  advisable 
for  the  surgeon  to  keep  several  extra  knives  and  keratomes  on  hand.  Many 
an  eye  has  been  imperiled  because  of  the  condition  of  the  instruments 
used  upon  it.  As  Jackson  has  said,  “ Simplicity  and  good  judgment  in  the 
planning  of  an  operation  and  neatness,  accuracy,  and  rapidity  in  its  exe- 
cution are  absolutely  essential  to  ideal  asepsis.  No  routine  of  chemic 
antisepsis  can  compensate  for  torn,  bruised,  or  otherwise  injured  tissue  in 
the  lips  of  an  operative  wound.  In  cataract  extraction  it  is  probable  that 
the  highest  success  is  missed  more  frequently  through  working  with  a 
knife  of  unsuitable  shape,  or  through  applying  force  to  it  in  the  wrong 
direction,  than  through  having  it  imperfectly  ‘ sterilized/  It  needs  to  be 
more  generally  taught  and  remembered  that  no  routine  can  make  bungling 
surgery  aseptic.” 

Sterilization  by  Dry  Heat. — This  method,  which  is  not  applicable 
to  delicate  instruments,  is  admissible  for  the  grosser  ones.  They  are  placed 
in  an  autoclave  and  are  subjected  to  a temperature  of  150°  C.  If  the  atmos- 
phere is  humid,  the  box  containing  the  instruments  should  be  heated  before 
it  is  placed  in  the  sterilizer.  If  this  is  not  done,  the  steam  will  condense  on 
the  instruments  and  will  rust  them. 

Sterilization  by  Boiling  Water. — This  is  a simple,  hut  an  efficient 
method.  The  instruments  are  placed  in  water  which  is  g^adudly  brought  to 
the  boiling-point,  and  are  kept  there  for  five  or  ten  minutes  thereafter.  Car- 
bonate of  soda  or  borax  (2  to  100)  should  be  added  to  the  water  to  prevent 
rusting.  After  removal  the  instruments  should  b ' wiped  carefully  with  dry 
sterile  gauze.  The  sterilization  of  cataract  -knr  es  and  keratomes  is  best 
done  immediately  before  beginning  the  operation.  They  should  be  held  in 
boiling  water  for  one  minute.  Cystitom^s  should  be  boiled  for  two  minutes. 
If  these  instruments  are  boiled  for  long  periods  their  cutting  edges  will  be 
dulled. 

The  author  intrusts  the  boil-n^  of  large  instruments,  together  with  the 
gauze  to  be  used  during  th?  c relation,  to  an  assistant.  The  more  delicate 
instruments,  and  particular  Tv  those  which  are  to  be  introduced  within  the 
eyeball,  are  held  in  bailing  water  furnished  by  a portable  sterilizer,  which  is 
placed  near  to  the  0).  era!  ing  table. 

Sterilization  by  Antiseptics. — This  method  is  inefficient,  and  is  to 
be  rejected.  Chloroform,  formol,  carbolic  acid,  and  strong  solutions  of 
bichlorid  of  mercury  are  among  the  agents  which  have  been  employed. 
They  all  tl  oar.ce  irritation  of  the  conjunctiva.  If  grease  or  albuminous  sub- 
stance^ remain  adherent  to  the  instruments  the  liquid  cannot  come  equally 
in  conlaet  with  the  metallic  surfaces  and  the  sterilization  is  inefficient. 

Preparation  of  Mops  and  Dressings. — Gauze. — In  the  place  of  sponges, 
which  were  formerly  in  vogue,  ophthalmic  surgeons  now  use  small  pieces  of 
sterile  gauze  to  mop  up  blood  or  secretions.  To  make  certain  that  the  gauze 
is  sterile  it  should  be  boiled  in  filtered  water  before  each  operation. 

Dressings  to  be  applied  to  operated  eyes  should  be  light  and  should  be 
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sterile.  After  any  operation  which  involves  opening  the  eyeball  a few 
layers  of  moist  sterile  gauze  are  to  be  placed  over  the  closed  lids  of  both 
eyes  and  a light  bandage  should  be  applied.  The  use  of  rubber  protective, 
with  or  without  pads  of  absorbent  cotton,  is  to  be  eschewed,  since  such  appli- 
cations cause  too  much  heat.  The  author  always  has  the  commercial  sterile 
gauze  boiled  in  filtered  water  before  it  is  used  as  a dressing.  What  is  known 
as  plain  gauze— i.e.,  not  medicated— is  sufficient  for  the  purposes  of  the 
ophthalmic  surgeon.  Gauze  which  is  impregnated  with  iodoform  or  bi- 
clilorid  of  mercury  possesses  no  advantages  over  the  plain,  sterile  dressing. 
In  a case  requiring  skin-grafting  a suitable  dressing  will  be  gauze  which  has 
been  wet  with  a sterile  physiologic  salt  solution. 

While  a simple  dressing  composed  of  gauze  and  a bandage  will  suffice 
for  most  ophthalmic  cases,  patients  who  are  restless,  disobedient,  or  irre- 
sponsible should  have  a protective  mask  placed  over  the  dressing.  Ring’s 
mask  is  a good  one.  It  is  made  of  papier-mache.  Andrews  has  designated 
a shield  made  of  aluminum,  and  McCoy  has  invented  one  which  consists  of 
two  circular  frames  made  of  wire.  These  are  curved  so  as  to  present  a con- 
cave  surface  to  the  eye. 

Bandages  should  be  made  of  soft  material,  &•(}•>  oi  flannel  or  gauze, 
which  should  be  light  and  porous.  They  should  be  sterilized  by  dry  heat. 
The  roller  bandage  for  an  adult  should  be  two  inches  wide  and  five  or  six 
yards  long.  A bandage  for  a child  should  be  of  a less  width.  The  bandage 
may  be  applied  to  one  eye,  the  ordinary  crossed  bandage  ( monoculus ),  or  tc 
both  (Unoculus).  Care  should  be  taken  that  it  is  not  applied  too  tigh  ly 
and  that  the  ear  is  not  distorted.  In  place  of  the  roller  bandage  the  surgeon 
may  use  the  bandage  of  Liebreich  or  that  of  Stephenson.  The  former  con- 
sists of  a knitted  cotton  or  linen  band,  two  and  one-quarter  inches  wide  and 
ten  inches  long,  supplied  with  tapes.  Stephenson’s  bandage is  of  dumb-bell 
shape,  and  also  is  provided  with  tapes. 

Anesthetics  are  divisible  into  general  and  local. 

General  Anesthetics  are  necessary  in  major  procedures,  such  as 
enucleation  of  the  eye,  exenteration  of  the  orbit,  and  expensive  plastic  opera- 
tions. They  are  also  required  in  iridectomv  for  glaucoma.  In  children 
and  in  nervous  adults  they  may  be  needed  for  minor  as  well  as  for  major 
operations.  Nitrous-oxid  gas,  bromid  o'  et ryl,  ether,  and  chloroform  are 
the  agents  used  as  general  anesthetics.  Nitrous-oxid  gas  may  be  used  for 
operations  which  can  be  rapidly  performed,  such  as  the  dilation  of  a lacrimal 
stricture,  the  opening  of  an  abscise  of  the  lid,  or  the  incision  of  a panophthal- 
mitic  eyeball.  Bromid  of  effiyl— which  finds  favor  with  some  European 
surgeons,  but  has  not  come  into  extensive  use  in  this  country — possesses  no 
advantages  over  ether  or  chloroform.  Ether  is  to  be  preferred  to  chloro- 
form, provided  the  patient’s  lungs  and  kidneys  are  normal.  Chloroform  is 
extensively  used  in  operations  upon  children. 

Local  Ai  esthetics. — Cocain,  eucain,  holocain,  and  tropacocain  are 
the  agents  used.  They  are  employed  in  three  ways:  (1)  by  instillation. 
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(2)  by  hypodermic  injection,  and  (3)  by  intracutaneous  injection  (filtra- 
tion method  of  Sehleich). 

Cocain,  the  oldest  and  best  known  of  the  group,  is  employed  in  solu- 
tions which  vary  from  1 to  10  per  cent,  in  strength.  The  solution  should 
be  made  sterile  by  boiling,  and  a fresh  solution  should  be  prepared  for  each 
operation.  The  glass  (and  rubber  bulb)  of  the  eye-dropper  also  should  be 
boiled  before  it  is  used. 

The  hypodermic  injection  of  cocain  is  made  by  means  of  the  ordinary 
hypodermic  syringe.  This  method  is  of  especial  value  in  the  removal  of 
chalazia  and  small  palpebral  growths.  It  is  also  employed  in  trichiasis  and 
in  entropion  operations.  Some  surgeons  extirpate  the  lacrimal  sac  and  re- 
move superficial  orbital  tumors  under  local  anesthesia.  In  all  such  cases 
cocain  is  instilled  into  the  conjunctival  cul-de-sac  and  also  is  injected  be- 
neath the  skin. 

The  intracutaneous  method  of  anesthesia  is  little  used  by  ophthalmic 
surgeons.  A favorite  solution  for  this  purpose  is:  cocain,  gr.  ss;  sodium 
chlorid,  gr.  ss;  water,  §ss. 

Local  Hemostasis. — For  the  purpose  of  producing  temporary  sche- 
mia  of  the  conjunctiva  and  of  the  tissues  of  the  anterior  ocular  segment, 
various  preparations  of  the  suprarenal  capsule  are  employed  The  dried 
gland  may  be  used  in  aqueous  solution  or  a preparation  known  as  atrabilin 
may  be  employed.  Most  surgeons  prefer  a solution  of  adrenalin  chlorid, 
which  is  used  in  various  strengths  (1-10,000  to  1-2000).  Soon  after  in- 
stilling such  a solution  the  conjunctiva  will  apn«a.  bloodless.  The  method 
is  of  value  in  numerous  operative  procedures  such  as  tenotomy,  advance- 
ment, pterygium  operations,  etc.  Some  surgeons  extend  its  application  to 
cases  requiring  iridectomy. 

The  Operation  Room  should  be  clean,  of  suitable  size,  and  properly 
furnished.  It  should  contain  an  adjustable  table  on  which  the  patient  is 
to  lie  during  the  operation.  Smaller  tables  on  which  to  place  sterile 
instruments  and  dressings  should  be  provided.  There  should  also  be  hot 
and  cold  water.  rI  lie  room  si.ould  be  illuminated  by  one  large  window, 
which  preferably  should  face  the  north.  In  order  to  secure  suitable  illu- 
mination on  dark  day  s,  g:  ,s  or  electric  lights  should  be  provided. 

Post-operative  Treatment.— Rest  and  ease  from  pain  should  be  secured. 
The  more  grave  the  operation,  the  more  essential  is  it  that  the  patient 
shall  sleep  soundly  the  first  night.  In  the  redressing  only  sterile  colly ria, 
sterile  gauze  and  clean  hands  are  admissible;  and  to  these  should  be  added 
gentle  handling  of  the  patient  and  careful  manipulation  of  the  operated 
tissues.  kTot  a few  ophthalmic  disasters — hernia  of  the  iris,  infection  of 
a wound,  etc., — can  be  traced  to  lack  of  asepsis  or  to  roughness  of  handling. 
The  conscientious  surgeon,  who  has  the  gift  of  mastering  details,  can 
secure  as  good  results  in  a log  cabin  as  in  a marble  palace. 


CHAPTER  XXVI. 

THE  HYGIENE  OF  THE  EYES. 


By  HAROLD  G.  GOLDBERG,  M.D.,  of  Philadelphia, 

Pathologist  to  and  Curator  at  the  Wills  Eye  Hospital ; Pathologist  to  the  Ophthalmologic 
Department  of  the  Philadelphia  Polyclinic  and  College 
for  Graduates  in  Medicine. 

In  the  field  of  preventive  medicine — a field  that  has  been  accorded 
60  prominent  a place  in  the  therapeutics  of  to-day — there  is  no  more 
important  division  than  that  pertaining  to  hygiene;  and  in  no  branch  of 
medicine  is  the  necessity  for  the  observance  of  a rigid  hygiene  greater  than 
in  that  of  ophthalmology.  When  we  consider  the  almost  vital  part  played 
by  the  eyes  in  the  conduct  of  human  affairs,  the  urgent  need  for  a careful 
preservation  of  the  sight  becomes  at  once  apparent.  That  this  last  is 
influenced  largely  by  the  maintenance  of  a proper  hygiene  there  can  be  but 
little  doubt. 

The  care  of  the  eyes  should  begin  at  birth  and  should  continue  unin- 
terruptedly throughout  life.  There  are  certain  periods,  however,  when 
special  attention  is  required.  These  will  be  dealt  with  here  in  their  n^tu^al 
order. 

Practically  speaking,  a child's  future — its  education,  its  li  relih  Dod,  the 
appreciation  and  enjoyment  of  all  the  beauties  of  creation-  - depends  upon 
the  preservation  of  good  eyesight.  In  spite  of  all  the  distress  and  discom- 
forts that  attend  a faulty  vision  or  a loss  of  sight,  many  children  are  yearly 
deprived  of  this  faculty  simply  through  neglect  to  observe  the  common 
laws  of  hygiene.  Carelessness  in  regard  to  cleanliness  it  the  time  of  birth, 
reckless  exposure  of  the  infant's  eyes  to  light,  pernicious  school  influ- 
ences— all  these  and  many  other  violations  of  the  laws  of  hygiene  in  regard 
to  the  eyes  are  largely  responsible  for  the  many  eye  diseases  now  in  our 
midst.  These  laws  will  now  be  briefly  discussed. 

THE  CARE  OF  THE  EYES  Al  bIRTH,  DURING  INFANCY,  AND  IN 
EA*LY  CHILDHOOD. 

In  caring  for  a newho.m  child  not  only  is  the  observance  of  the  general 
rules  of  asepsis  from  the  obstetrician's  viewpoint  required,  but  other  mat- 
ters of  equal  importance  are  involved.  The  slightest  inflammation  of  the 
eyes  should  be  vier^i  with  suspicion, — particularly  if  the  mother  gives  a 
history  of  vagintfl  discharge, — and  should  be  treated  according  to  indica- 
tions. No  injury  can  result  from  the  proper  application  of  the  ordinary 
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methods  of  prevention  usually  prescribed  at  this  period,  whereas  the  gravest 
results  may  follow  a neglect  to  observe  every  precaution  in  this  regard. 
The  statistics  of  to-day,  compared  with  those  of  the  past,  bear  testimony 
to  the  wisdom  of  this  procedure. 

The  infant’s  eyes  should  be  protected  from  intense  light,  and  the  room 
should  never  be  brilliantly  illuminated,  although  a judicious  amount  of  sun- 
light, if  properly  shaded  and  not  permitted  to  fall  directly  into  the  child’s 
eyes,  is  wholesome  and  will  result  in  no  injury. 

The  head  of  the  crib  should  be  turned  toward  the  window  or  be  shaded 
by  a canopy.  When  the  child  is  taken  for  an  airing,  the  carriage  should 
be  provided  with  a sunshade  lined  with  a material  of  a light-absorbing 
color,  such  as  green,  and  not,  as  seems  to  be  the  prevailing  tendency  to-day, 
shaded  by  a white  parasol,  or  perhaps  not  shaded  at  all. 

A child  requires  change  of  scene  and  varied  amusement,  and  for  this 
reason  it  is  most  unwise  to  keep  a little  one  confined  to  the  play-room  day 
after  day.  It  should  be  remembered  that  the  health  of  the  eyes  is  directly 
dependent  upon  the  condition  of  the  general  system,  and  if  the  aforesaid 
practice  is  continued  for  any  length  of  time,  the  eyes  will  suffer. 

Children  should  not  be  given  small  toys  or  picture-books  v>iti.  which 
to  amuse  themselves.  Often  this  rule  is  not  easily  carried  in*-j  effect,  and 
if  this  is  the  case,  their  use  should  be  limited  to  as  brief  a period  of  time  as 
possible.  In  fact,  in  pleasant  weather  it  is  well  to  insis4-  that  children  be 
out  of  doors  as  much  as  possible,  for  thus  they  not  only  x^ceive  the  benefits 
of  fresh  air,  but  they  will  also  enjoy  the  consfoiiLly  changing  scenes  and 
pleasures ; here,  too,  close  vision  is  not  often  'equ  red. 

Kindergartens,  now  so  popular  for  tlm  insiruction  of  the  very  young, 
are  a prolific  source  of  injured  eyes.  Children  who  attend  these  schools 
are  often  obliged  to  amuse  themselves  with  occupations  that  have  a most 
disastrous  effect  upon  the  eyes.  The/'C  institutions  often  hold  their  sessions 
in  buildings  never  intended  for  thao  purpose;  frequently  they  are  poorly 
lighted  and  too  often  improper1/  rentilated.  Situated,  as  they  frequently 
are,  in  fashionable  district^  iL  is  assumed  that  here  the  children  of  wealthy 
parentage  may  be  instructed  in  the  rules  of  decorum.  Unfortunately,  this 
system  is  not  limited  to  the  favored  classes,  but  has  gained  in  popularity, 
and  has  even  obtpined  access  into  the  public  schools,  where,  of  course,  a 
larger  field  for  injury  presents  itself.  Myopia  and  strabismus,  in  partic- 
ular, as  well  as  many  other  morbid  conditions,  are  undoubtedly  often  the 
result  of  the  pernicious  influences  exerted  by  the  kindergarten  system. 

I'lpdC  - -Inasmuch  as  great  harm  is  done  the  eyes  by  neglect  to  observe 
the  utmost  caution  regarding  proper  lighting,  the  subject  becomes  one 
of  special  interest.  In  spite  of  the  great  advances  that  have  been  made  in 
tht  world  of  science  in  overcoming  what  was,  not  so  many  years  ago,  almost 
a barbarism,  and  in  consideration  of  the  conditions  under  which  our  fore- 
fathers labored  in  their  efforts  for  the  advancement  of  learning,  passing  from 
the  feeble  tallow-dip  to  the  dim  and  uncertain  oil-lamp,  the  existing  state 
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of  affairs,  when  it  does  not  receive  the  aid  and  benefit  of  hygiene,  is  ap- 
parently even  worse  than  was  that  of  former  days;  then,  too,  the  injurious 
influences  attendant  upon  these  advances  have  increased  proportionately 
by  reason  of  the  greater  opportunities  afforded.  Our  exertions  should, 
therefore,  be  doubled  in  an  effort  to  correct  such  evils  as  may  arise. 

There  are,  of  course,  many  conditions  which,  unfortunately,  it  is  ex- 
tremely difficult  to  remedy,  as  when  persons  are  obliged  to  pursue  their 
daily  occupations  in  the  dim  light  of  stores,  workshops,  etc.,  amid  poor 
hygienic  surroundings.  Nevertheless,  even  when  very  delicate  work  is  done 
continuously  at  the  near  point  of  vision  and  with  defective  lighting,  these 
same  persons  will  often,  at  the  close  of  their  working-hours,  attempt  to 
read  a poorly  printed  newspaper  or  magazine  in  a dimly  lighted  car,  and 
upon  reaching  their  homes  resume  their  reading  by  a poor  light  until  their 
eyes,  no  longer  able  to  respond  to  the  repeated  demands  made  upon  them, 
close  in  sleep.  It  would  be  useless  to  detail  here  all  the  harmful  effects 
that  result  from  these  practices. 

Nevertheless,  in  spite  of  all  this,  a great  many  of  the  existing  evils 
in  the  home  and  in  other  places  where  the  attention  to  hygiene  is  often  lax 
are  capable  of  correction.  For  example,  persons  should  be  cautioned  against 
reading  by  dim  light  at  any  time.  It  is  a very  common  practice  to  attempt 
to  read  after  dusk,  by  deficient  artificial  light,  and  often  by  moonlight, 
which  is,  of  course,  never  sufficiently  strong  for  reading  purposes.  Bright 
lights  should  also  be  avoided,  and,  although  persons  are  more  apt  to  ex^ 
in  the  other  extreme,  only  direct  sunlight  need  be  excluded.  Beficei^d 
lights,  as  on  the  water,  or  in  winter  when  snow  is  on  the  ground,  rue  often 
very  irritating  to  the  retinae,  and  under  such  circumstances  dark  glasses 
should  be  worn. 

When  we  consider  that  the  definition  of  an  object  ceponds  upon  the 
amount  of  light  that  reaches  it,  the  importance  of  sufficient  illumination, 
when  required,  is  rendered  more  evident.  The  object  looked  at  practically 
diminishes  in  size  when  the  light  that  reaches  i iO  .essened  in  amount. 
The  inevitable  result  is  that  the  object  is  bro  ^hl  closer  to  the  eyes  or  the 
eyes  to  the  object,  as  the  case  may  be.  This,  of  course,  requires  an  undue 
effort  of  accommodation  and  converger  ce. 

Although  there  is  no  light  that  is  an  actual  substitute  for  direct 
daylight,  the  ingenuity  of  man  nas  devised  many  useful  substitutes.  A 
large  number  of  prismatic  device!  have  been  proposed,  nearly  all  hav- 
ing" in  view  the  same  object,  ard  differing  only  in  construction.  Their 
purpose  is  so  to  bend  tha  rays  that  the  light  may  be  distributed  equally 
to  all  parts  of  a room  instead  of  being  confined  to  the  region  of  its 
reception.  This  is  generally  effected  by  the  arrangement  of  a series 
of  prisms  that  will  ’effect  the  light  at  any  desired  angle.  These  con- 
trivances have  ocen  made  in  the  form  of  ornamental  windows  and  shutters 
that  serve  rot  only  the  aforementioned  purpose,  but  also  take  the  place  of 
the  ordinary  odutter. 
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Although  this  subject  is  probably  deserving  of  more  consideration 
than  has  heretofore  been  accorded  it,  artificial  illumination,  by  reason  of  its 
more  elastic  practicability  and  ready  adaptation  to  almost  any  circumstance, 
demands  our  attention.  The  light  that  most  nearly  approaches  daylight  is 
the  one  that  serves  the  best  purpose.  No  attempt  will  be  made  here  to 
describe  in  detail  the  various  merits  or  faults  of  the  numerous  methods  of 
artificial  illumination,  but  mention  will  be  made  of  a few  points  common 
to  the  most  useful  of  them. 

The  ideal  means  of  artificial  illumination,  and  the  one  that  is  the 
subject  of  most  of  the  experiments  in  lighting  to-day,  is  fluorescence;  this 
has  the  property  of  giving  light  with  the  production  of  little  or  no  heat. 
For  the  present,  however,  we  must  be  content  with  the  various  means  of 
obtaining  the  highest  degree  of  incandescence  from  such  illuminants  as 
electricity,  gas,  and  oil.  This  much  being  granted,  it  becomes  desirable  to 
know  which  of  these  is  the  most  suitable  for  any  specific  purpose. 

Electricity  probably  furnishes  the  purest,  whitest  light  of  all  the 
practical  light-givers,  and  is  one  of  the  most  valuable  means  of  ar  ificial 
illumination  at  our  command.  Among  many  other  advantages  th  it  iL  pos- 
sesses it  may  be  said  to  give  a maximum  amount  of  light  with  a Minimum 
amount  of  heat.  It  does  not  vitiate  the  atmosphere  of  rorrm  - a very  ob- 
jectionable feature  in  other  popular  methods;  it  is  convenient,  com- 
paratively safe,  and  steady  in  volume.  The  naked  loop  of  electrically 
incandescent  fibre  possesses  properties,  however,  that,  it  not  removed,  may 
considerably  impair  its  usefulness  and  give  rirc  to  renditions  under  which 
prolonged  near  work  cannot  be  maintained  The  loop  should,  there- 
fore, be  shaded  by  an  appropriately  tintec  translucent  bulb,  which,  while 
it  may  decrease  the  brilliancy  of  the  li^hi,  will  extend  the  field  of  illu- 
mination over  so  great  an  area  that  but  a slight  amount  of  luminosity  will 
be  lost. 

The  incandescent  electric  bulb  Ins  grown  steadily  in  favor,  and  most 
large  cities,  as  well  as  many  suburban  towns,  are  equipped  for  its  service. 
Its  cost  grows  less  each  year,  imd  because  of  its  convenience  it  is  deservedly 
a very  popular  mean?  of  artificial  lighting. 

The  naked  arc , Oi  f^je  metallic  fluid,  which  is  the  most  powerful  arti- 
ficial illuminanf  f jr  streets,  is  generally  too  powerful  for  use  in  buildings, 
and  possesses  rarmv  peculiarities  of  quality  that  are  very  prone  to  give  rise 
to  symptom?  of  ^thenopia  in  those  who  use  it  for  prolonged  periods. 

Ga;v  -This,  the  most  common  artificial  illuminating  power  in  cities, 
has  proved  very  valuable,  and  gives  evidence  of  still  further  usefulness  for 
mary  ytars  to  come.  Its  disadvantages,  however,  are  that  it  vitiates  the 
atmosphere,  generates  excessive  heat,  and,  with  old-fashioned  burners, 
gbes  a yellow  light;  its  volume,  too,  is  affected  by  the  slightest  draught. 
With  modern  burners  the  value  of  gas  has  been  greatly  enhanced  by  the 
invention  of  the  incandescent  mantle;  the  light  thus  produced  very  nearly 
approaches  electricity  in  quality,  giving  quite  a pure  white  light. 
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Kerosene,  the  most  popular  method  of  artificial  illumination  in  rural 
districts  and  among  the  poorer  classes  in  cities,  although  less  convenient  than 
electricity  and  gas,  may  be  said  to  be  the  least  injurious  of  all  the  illu- 
minants.  Used  in  the  high-grade,  modern  lamps,  it  furnishes  the  most 
comfortable  working  light.  The  lamp  should  be  placed  in  a well-ventilated 
room,  in  a proper  position,  and  be  correctly  toned  and  well  diffused.  Oil 
has  the  disadvantages  of  giving  out  heat  and  vitiating  the  atmosphere.  The 
odor  of  burning  lamps  and  the  trouble  incident  to  keeping  them  clean  are 
added  disadvantages. 

Print. — The  inferior  quality  of  literature  that  children  are  often  obliged 
to  read,  particularly  during  school-life  and  at  the  age  when  cheap  fiction  is 
a source  of  amusement,  is  one  of  the  most  prolific  sources  of  eye  trouble  in 
later  life.  Unfortunately,  although  this  period  is  the  most  susceptible  to 
improper  influences,  the  trouble  does  not  end  with  youth,  but  continues 
throughout  the  life  of  the  individual.  Newspapers,  the  most  generally  read 
of  all  literature, — read  by  all  classes  and  under  all  circumstances, — are 
striking  examples  of  poor  print. 

Taking  into  consideration  the  harmful  effects  of  poor  printing  on  the 
eyes  of  both  old  and  young,  it  readily  becomes  apparent  that  the  proper 
printing  of  school-books  is  a subject  of  the  utmost  importance,  since  at  the 
school-age  many  maladies  may  arise  from  neglect — diseases  that  could 
have  been  prevented  by  the  observance  of  a few  simple  rules.  School-books 
should  be  of  a size  that  can  easily  be  handled,  and  the  type  should  be  largc 
and  distinct.  It  is  not  easy  to  fix  a definite  size  for  the  letters,  as  so  inuoh 
depends  upon  their  kind  and  form.  If  the  print  is  poor  and  indistinct,  the 
book  must  be  held  closer  to  the  eyes  in  reading,  and  for  this  an  nxtr  j,  effort 
of  accommodation  is  demanded ; even  if  the  type  is  larg»  if  it  is  not 
printed  distinctly  the  eyes  will  suffer.  Books  intended  for  the  use  of  chil- 
dren should,  however,  be  printed  in  bold-faced  type,  with  black  ink  of  good 
quality;  a suitable  size  of  type  is  that  known  to  printers  as  ten  point,  or 
long  primer,  but  if  the  face  of  the  type  is  sufficient1)  he  ivy,  eight  point,  or 
brevier,  may  safely  be  used.  Leading — i.e .,  the  spring  between  the  lines — 
and  spacing  between  the  words  are  important  cids  to  the  eye;  the  lines 
should  be  at  least  two  millimetres  apart  As  che  eyes  move  constantly  in 
reading,  the  external  muscles  may  suffer  if  the  lines  are  too  long;  for  this 
reason  wide  pages  should  be  made  no  rl  two  or  more  columns,  the  lines  not 
exceeding  four  inches  in  length  und  the  columns  separated  by  a space 
or  a rule  sufficiently  distinct  tj  avoid  confusion.  The  paper  should  be  of 
good  quality,  and  thick  enough  to  obscure  the  opposing  page.  The  surface 
should  be  dull,  and  it  has  been  proposed  by  some  that  tinted  paper  be  used. 

Reading. — The  eve^,  particularly  in  youth,  are  greatly  injured  by  the 
demands  made  upon  then  by  an  inordinate  amount  of  incessant  and  labori- 
ous work,  the  most  constant  of  which  is  reading.  The  visual  organs  are  no 
better  qualified  fo\  constant  work  than  is  any  other  organ  of  the  body,  and 
yet  how  much  oftener  are  they  abused!  If  an  individual  is  fatigued  by 
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walking,  he  will,  when  the  opportunity  offers,  rest;  if  his  arm  is  wearied, 
he  will  pause  in  his  work ; but  it  apparently  never  occurs  to  some  persons 
that  the  eyes  are  just  as  susceptible  to  fatigue  as  is  any  other  part  of  the 
body,  and  they  are  thoughtlessly  forced  into  action  until,  sooner  or  later, 
the  sufferer  is  obliged  to  consult  an  oculist,  who  will,  of  course,  attempt  to 
correct  the  refractive  error,  if  such  exists.  Very  often,  however,  he  will 
neglect  to  ascertain  the  root  of  the  trouble.  Frequently,  also,  thoughtless 
parents,  ambitious  to  see  their  children  shine  in  school,  in  their  ardor  urge 
prolonged  study  upon  them.  Aside  from  the  injury  done  to  the  eye  itself, 
the  brain  after  a time  becomes  confused  by  the  close  application  to  reading, 
and  although  the  child  may  be  able  to  recite  his  lessons  just  as  he  has 
studied  them,  he  frequently  does  not  comprehend  what  he  has  learned  to 
recite.  More  valuable  and  humane  would  it  be  if  children  were  given  more 
oral  instruction,  their  lessons  being  expounded  to  them  by  means  of  objects 
and  illustrations  placed  at  their  far  point. 

Later  in  life  the  eyes  should  be  spared  all  the  continuous  work  possible, 
and  frequently  should  be  rested  by  shifting  from  one  occupaiion  to 
another,  or  by  closing  the  eyes  at  regular  intervals  for  a few  minutes 
during  the  working-hours,  in  order  to  allow  the  ciliary  muscles  to  relax. 
Reading  matter  that  possesses  the  qualities  already  describe  as  suitable 
should  be  preferred ; and  care  should  be  taken  in  readir  g that  the  book  or 
paper  be  not  held  too  close  to  the  eyes,  for,  as  has  been  p/eviously  said,  this 
requires  an  extra  effort  of  accommodation  and  c^nr^rgence.  Print  that 
cannot  be  read  distinctly  at  a distance  of  twenty  ino\ ies  should  not  be  read 
continuously.  Proper  illumination  is  of  pa^amjunt  importance.  Light 
should  come  preferably  from  the  left  sic*  *,  over  the  shoulder;  otherwise 
shadows  will  be  formed  by  the  head,  shorn ders,  or  hand,  according  to  the 
faulty  relation  of  the  light.  Light  situated  in  front  and  at  a considerable 
distance,  unless  sufficiently  high,  should  always  be  avoided,  as  this  mode 
of  receiving  light  is  the  most  miirious  possible.  In  large  office  buildings, 
however,  it  often  becomes  necessary  to  supply  each  worker — seated  at  a 
desk,  for  example — with  an  Individual  source  of  illumination.  When  this 
system  prevails  and  wnen  the  light  must  be  in  front  of  and  close  to  the 
consumer,  it  should  be  provided  with  a shade  that  will  diffuse  the  light 
upon  the  object  in  front  of  the  worker,  at  the  same  time  preventing  the 
glare  from  entpimg  the  eyes.  If  this  is  impracticable,  an  eyeshade  should 
be  worn,  which  v ill  usually  secure  the  same  result. 

The  rtadtr  should  sit  upright,  his  head  erect,  holding  the  book  almost 
on  a level  with  the  eyes ; if,  owing  to  the  size  or  weight  of  the  book,  this 
is  not  possible,  it  should  be  placed  on  a table  or  stand,  in  such  a position  as  to 
procure  the  best  result.  Stooping  postures  give  rise  to  congestion  of  the 
oc  liar  tissues,  and  the  faulty  relation  of  the  book  to  the  eyes  often  causes 
fatigue  of  the  external  muscles  of  the  eye. 

Reading  while  riding  in  cars  is  a habit  that  should  be  discouraged,  for 
a constant  effort  of  accommodation  is  required  to  meet  the  repeated  changes 
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in  focus,  and  the  endeavor  of  the  external  muscles  of  the  eyes  to  keep  these 
organs  fixed  upon  the  lines  is  very  f atiguing ; eyestrain  is  often  engendered 
by  this  all-too-common  habit. 

A practice  equally  as  injurious  to  the  eyes  as  the  one  just  mentioned  is 
that  of  reading  while  in  the  recumbent  posture.  The  desire  to  read  during 
convalescence  is  sometimes  irresistible,  but  should  never  be  encouraged;  at 
this  time  the  muscles  usually  are  weak,  resistance  of  the  tissues  is  below 
the  normal,  and  the  result  of  the  imprudence  may  be  disastrous.  Even  in 
health  the  practice  should  not  be  indulged,  for  it  is  almost  impossible, 
without  considerable  effort,  to  hold  the  book  in  a comfortable  position 
without  tiring  the  external  muscles  of  the  eyes;  moreover,  it  must  be 
remembered  that  the  recumbent  posture  favors  congestion — a condition, 
of  course,  that  were  better  avoided. 

Heading  while  one  is  drowsy  also  has  a tendency  to  promote  congestion 
by  forcing  the  ciliary  muscles  to  action  when  they  would  relax,  and  the  ex- 
ternal muscles  to  work  when  the  eyes  would  diverge. 

CARE  OF  THE  EYES  DURING  SCHOOL-LIFE. 

That  practically  the  very  existence  of  a school  is  dependent  upon  the 
hygienic  conditions  that  surround  it  statistics  abundantly  show.  Of  the 
many  evils  of  a poorly  regulated  school  system,  a discussion  of  which  would 
carry  us  beyond  the  limits  of  this  chapter,  it  may  be  said  that  upon  no  other 
organ  of  the  body  are  their  influences  felt  more  strongly  than  upon  the 
eyes.  During  the  period  a child  attends  school  the  tissues  of  tho  cvos  may 
not  yet  have  been  fully  developed,  and  it  follows  that  they  are  Ess  resistant 
to  the  morbid  influences  which  they  too  frequently  are  called  upon  to  en- 
counter in  the  school-room.  To  these  influences  may  be  attributed  many 
of  the  pathologic  conditions  of  the  eyes  that  manifest  themselves  in  later  life. 

With  the  increased  demands  that  modern  edu  journal  methods  make 
upon  the  youth  of  our  land  come  greater  strain  eJu  increased  effort,  and 
as  a natural  result  the  eyes  all  too  often  suffer  from  the  effects  of  overwork. 
In  the  face  of  all  this  it  must  be  said  that  to  the  present  generation  is  due 
much  credit  for  improved  sanitary  coi  diti  ms  and  a desire  that  in  the 
course  of  time  doubtless  will  be  re°lizea — to  bestow  upon  our  growing 
youth  the  highest  degree  of  educations  perfection  with  the  least  expendi- 
ture of  physical  well-being. 

In  qualifying  children  for  school-life  the  first  question  that  presents 
itself  for  consideration  is:  At  what  age  are  children  most  fit,  mentally  and 
physically,  to  have  thrust  upon  them  the  duties  of  the  school-room  ? Ob- 
viously there  can  be  no  working  rule  that  can  be  applied  uniformly  to  every 
case.  As  in  every  cthar  avenue  of  life  in  which  the  regulation  of  the  lives 
of  others  is  a f jahire,  the  individual,  and  not  the  system  or  class,  demands 
our  consideration.  Into  this  question  should  enter  the  condition  of  the 
child  physically — in  particular,  as  to  the  state  of  the  eyes  and  as  to  its 
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mental  adaptability.  It  is  no  uncommon  thing  for  children  utterly  unfit — 
by  reason  of  ill  health  or  faulty  vision — for  school  duties  to  be  permitted  to 
attend  school ; and  these  unfortunate  little  ones  are  often  accused  of 
mental  apathy  by  the  careless  instructor  or  thoughtless  parent. 

As  a general  rule,  children  are  not  fitted  to  enter  school  until  their 
eighth  or  ninth  year.  Ordinarily  at  this  age  the  ocular  tissues  are  well 
formed,  and  if  the  child  be  otherwise  physically  eligible,  he  may  enter  upon 
a well-regulated  school  course.  With  those  unfortunates,  however,  who  are 
afflicted  with  some  high  refractive  error,  corneal  opacities,  fundus  changes, 
or  other  infirmity,  mental  instruction  should  be  deferred  and  constant  use 
of  the  eyes  eschewed  until  such  time  as  returning  health  may  direct,  and 
not  until  every  precaution  has  been  taken  to  correct  any  refractive  error. 
Increased  age  brings  increased  resistance  of  the  ocular  tissues,  and  no 
harm  can  follow  the  delay  of  a year  or  two  in  sending  the  child  to  school. 
In  the  meantime  instruction  may  be  given  at  home  or  in  special  regulated 
courses  at  school.  Outdoor  exercise  should  be  strongly  advised. 

The  importance  of  detecting  a refractive  error  and  making  the  needed 
correction  cannot  be  urged  too  vigorously.  The  ambitions,  the  aims,  and  the 
very  conduct  of  the  sufferer’s  life  are  all  involved.  The  development  of  his 
character  and  the  molding  of  his  tastes  and  proclivities,  tho0'1 features  which 
will  determine  his  usefulness  in  later  life,  are  matters  that  are  implicated. 

The  problem  of  determining  upon  some  rational  ne.  hod  for  qualifying 
children  for  school-work  now  presents  itself.  It  ’’s  not  necessary  for  our 
purpose  that  a new  political  office  be  created,  m that  a skilled  oculist  be 
elected  to  fill  such  office.  This  duty  lies  chiefly  with  parents.  When  a 
child  is  deemed  ready  for  school  he  should  be  taken  to  an  oculist,  who  will 
advise  as  to  his  eligibility.  Teachers  shoida  be  instructed  in  the  methods 
of  testing  vision,  and  any  child  whose  visual  acuity  is  found  to  be  below 
normal  should  be  rejected.  More  >ver,  were  teachers  obliged  to  make 
these  tests  yearly,  it  would  no*  rarely  be  found  that  those  pupils  who,  at 
the  previous  examination,  ? slow  and  hesitating  answers,  were  at  this 
time  unfit  for  the  increosco  and  more  difficult  studies  of  the  succeeding 
class.  These  children  should  receive  instruction  at  home,  or  their  school 
sessions  should  be  shortened  until  returning  health  permits  a resumption 
of  the  regular  class-work.  These  methods  have  been  adopted  with  gratify- 
ing results  in  some  ochools,  simple  test-cards  having  been  arranged  for  this 
purpose. 

Children  with  inflamed  eves  or  reddened  eyelids  should  not  be  admitted 
to  school  except  upon  the  advice  of  a physician.  The  importance  of  this  is 
made  manifest  when  the  danger  of  infection  at  toilet  to  which  children  in 
large  schools  are  subjected  is  considered. 

The  Construction  of  School-buildings  in  Relation  to  Hygiene. The 

construction  of  school-buildings  involves  many  questions  of  vital  importance. 
Great  care  is  required  in  the  selection  of  the  location  of  the  building  and  in 
securing  proper  ventilation,  drainage  facilities,  lighting,  etc. 


THE  HYGIENE  OF  THE  EYES.  811 

Location. — The  location  of  the  building  should  be  so  chosen  as  to 
secure  the  best  possible  hygienic  surroundings.  In  cities  the  building 
should  not  be  situated  on  a narrow  street,  where  sufficient  light  and  ventila- 
tion are  impossible.  Investigation  has  shown  that  defective  eyesight  is  more 
prevalent  in  schools  situated  on  narrow  streets  and  where  proper  illumination 
is  interfered  with  by  high  walls,  and  it  has  even  been  observed  that  pupils  on 
the  lower  floors  suffer  most  from  defective  vision;  hence  the  value  of  the 
correct  appreciation  of  this  step.  The  building  should  be  remote  from  large 
factories  where  distracting  noises  are  likely  to  be  heard  and  where  offensive 
odors  and  irritating  gases  are  often  prevalent.  Provision  for  suitable 
recreation  is  highly  necessary,  and  districts  where  large  playgrounds  can 
be  provided  for  out-of-door  exercise  are  to  be  preferred;  when  this  is  im- 
practicable on  account  of  a lack  of  sufficient  space,  a large  play-room  well 
lighted  and  properly  ventilated  should  be  provided  for  the  amusement  of 
the  little  ones.  This  will  also  serve  for  use  on  rainy  days. 

Light. — The  building  should  be  so  constructed  that  light  will  enter 
directly,  and  not  be  reflected  by  surrounding  walls  or  windows.  All  parts  of 
the  room  should  be  evenly  and  diffusely  lighted  by  skylight.  It  is  im- 
possible to  err  on  the  side  of  having  too  much  light,  for  this  can  always  be 
controlled.  Javal  insists  that  every  portion  of  the  room  should  be  so  flooded 
with  light  that  the  darkest  places  will  have  sufficient  illumination  on  a dark 
day.  A room  of  oblong  shape  is  usually  lighted  better  than  a square  room, 
and  should  receive  its  light  from  windows  situated  at  least  four  feet  frc  m 
the  floor,  so  that  the  light  will  fall  above  the  heads  of  the  pupils.  The  i.giA 
should  come  preferably  from  the  northern  side  of  the  room,  thp  northern 
light  being  the  most  constant;  when,  however,  sunlight  can  reach  the  room 
by  a different  exposure,  this  advantage  must  not  be  disrega*  led.  Intense 
light  may,  of  course,  be  controlled  by  shades  or  awnings,  it  is  difficult  to 
fix  any  uniform  dimension  for  the  comparative  size  of  wmdows,  as  a great 
deal  depends  upon  the  direction  from  which  the  light  triers  and  upon  the 
height  of  surrounding  buildings;  in  any  event,  the  proportion  should  not 
be  less  than  one  to  five. 

The  walls  and  woodwork  of  the  school-room  should  be  painted  in  some 
light-reflecting  color,  such  as  light  green , blue,  etc.  Since  the  direction  of 
the  light  is  just  as  important  as  the  amount  that  is  received,  care  should 
be  taken  that  the  desks  be  so  situated  that  the  light  enters  from  the  left 
and  rear;  otherwise  shadows  will  be  tormed  by  the  writer’s  head,  shoulders, 
or  hand;  under  no  circumstance^  snould  the  light  come  from  the  front  or 
fall  directly  into  the  face  of  the  pupil. 

In  working  upon  an  object,  it  should  be  remembered  that  all  light  that 
docs  not  come  from  i+  can  be  but  a source  of  annoyance — by  irritating  the 
eyes  if  it  is  direct,  o 1 b/  confusing  the  image  of  the  object  with  the  images  of 
other  objects  if  it  is  reflected.  When  light  comes  from  the  right  side 
as  well  as  from  the  left,  annoying  shadows  and  perverse  lights  will  be 
formed,  nt  times  this  direction  for  receiving  light  cannot  be  avoided  in 
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order  to  allow  sufficient  lighting  and  ventilation,  and  when  this  is  the 
case,  the  windows  should  be  placed  so  high  that  the  light  may  be  diffused, 
as  much  as  possible,  by  the  ceiling.  Even  when  this  has  been  done,  shadows 
will  be  formed. 

General  Plan  of  the  School-room. — The  following  dimensions, 
given  by  Risley,  are  adapted  for  the  average  school-room,  and  may  be  used 


as  a general  working  basis : — 

Feet. 

Height  of  ceiling 15 

Length  of  room 

Width  of  room 24 

Pier,  or  blank  wall,  rear  of  room 4 

Pier,  or  blank  wall,  front  of  room 4 

Space  allotted  to  group  of  windows 24 

Windowsill  from  floor  (beveled) 3 

Top  of  window  from  floor 14 

Dimensions  of  Window. 

Height  11 

Breadth 24 


Window  casing  beveled  to  six  inches  from  ceiling. 

Furniture. — One  of  the  most  important  features  thaf  affects  the  com- 
fort and  well-being  of  school-children  is  the  proper  construction  of  the 
school-furniture. 

Desks  and  Chairs . — The  dangers  that  attend  +ht  laulty  erection  of  the 
school  writing-desk  cannot  be  too  strongly  dweH  upon.  It  is  obvious  that 
to  build  desks  of  a uniform  height  for  the  u^e  o ’ cnildren  of  varying  sizes 
must  prove  harmful.  When  the  seat  is  i >o  high  or  the  desk  too  low,  the 
child  must  stoop  while  at  work,  and  the  tpright  position  cannot  be  main- 
tained. This  is  true  also  if  the  des>  is  placed  too  far  in  front  of  the  seat, 
for  here  again  the  pupil  must  stoop  over  in  order  to  reach  the  object  on 
which  he  is  at  work.  On  the  o;hci  hand,  if  the  desk  is  too  high  for  the 
seat,  the  shoulders  are  fon^u  upward,  in  which  case  the  arms  do  not  rest 
upon  the  desk  in  the  propel  oosition. 

Desks  should  br  so  built  that  when  the  foot  rests  squarely  upon  the 
floor  the  forearms  w‘U  r> st  comfortably  upon  the  top,  without  forcing  the 
shoulders  upward  ur  compelling  the  child  to  bend  over.  To  accomplish  this 
the  edge  of  the  should  be  on  a line  with  the  seat,  the  back  of  which 
should  be  curved  slightly  forward;  the  top  of  the  desk  should  slope  slightly 
downward-  -auout  ten  degrees  toward  the  pupil.  The  seat  should  be  as  wide 
as  the  thigh  is  long,  measured  from  the  back  to  the  inner  bend  of  the  knee. 
It  shoiJa  be  level,  slightly  grooved  to  prevent  sliding,  and  low  enough  to 
allow  the  foot  to  rest  squarely  upon  the  floor.  A better  way  would  be  to 
builu  desks  so  that  they  may  be  adjusted  mechanically  to  the  requirements 
of  each  individual.  If  desks  and  chairs  are  not  properly  constructed  in 
relation  to  the  size  of  the  individual  pupil,  spinal  deformities  are  apt  to 
follow.  The  stooping  posture,  moreover,  favors  the  gravitation  of  blood, 


THE  HYGIENE  OF  THE  EYES. 


813 


and  congestion  of  the  ocular  tissue  and  the  many  evils  that  attend  close 
vision  follow. 

In  spite  of  all  precautions,  many  children  yet  exhibit  a marked  tend- 
ency for  near-sight.  To  overcome  this  many  contrivances  have  been  de- 
vised from  time  to  time,  most  of  which  consist  of  a rest  so  constructed  as 
to  hold  the  head  at  the  proper  reading  distance.  These  contrivances  have 
occasionally  proved  very  useful. 

Blackboards,  maps,  and  other  objects  used  for  purposes  of  instruc- 
tion should  be  large  enough  to  he  seen  distinctly  from  any  part  of  the 
room,  so  that  pupils  will  not  he  obliged  to  strain  their  eyes  in  an  attempt 
to  discern  the  characters.  They  should  be  placed  at  the  proper  height 
(about  on  a level  with  the  eyes),  and  opposite  the  source  of  light,  so  as  not 
to  render  the  objects  obscure  by  diffusion.  Blackboards  should  be  washed 
with  a sponge  and  water,  and  not  be  allowed  to  become  gray  under  the  use 
of  the  ordinary  eraser. 

The  Work  in  the  School-room. — As  has  been  stated  elsewhere,  books 
should  be  of  a size  that  can  be  easily  handled,  and  may  be  made  according 
to  the  directions  previously  given,  except  that  the  type  may  be  larger 
where  the  occasion  offers. 

Writing . — This  subject  has  given  rise  to  considerable  discussion,  but  the 
consensus  of  opinion  seems  to  be  in  favor  of  the  use  of  the  vertical  script  in 
the  school-room,  as  this  is  believed  to  encourage  the  upright  position.  The 
paper  should  be  placed  centrally  in  front  of  the  writer,  the  ruled  lines  or 
the  paper  being  parallel  with  the  plane  of  the  body.  The  surface  or  the 
paper  should  be  dull,  or,  as  has  been  proposed,  tinted,  and  black  ^k  should 
be  used. 

Slates  should  be  entirely  discarded,  for,  besides  being  uncleanly,  the 
written  characters  are,  for  want  of  contrast,  indistinct. 

The  work  in  school  should  be  carefully  regulated,  rud  irequent  inter- 
vals of  rest  allowed;  the  occupation  should  be  varied  from  time  to  time, and 
it  is  well  occasionally  to  conduct  the  instruction  by  me*  ns  of  conversation, 
demonstrations,  and  lectures.  Final  term  exam-unions  and  prize  competi- 
tions should  be  discouraged;  these  contests  usually  occur  at  the  end  of  the 
term,  when  the  child  is  least  prepared  physically  for  them.  In  place  of  such 
examinations  and  competitions  the  average  standing  of  the  pupil  in  the 
class  and  the  teacher's  report  of  the  student's  work  during  the  term,  ascer- 
tained by  unexpected  quizzes,  she  aid  be  considered  in  qualifying  the  pupil 
for  promotion.  Here,  again,  stress  must  be  laid  on  the  importance  of 
obtaining  a plentiful  amount  of  out-of-door  exercise  for  the  child ; in  fact, 
it  is  absolutely  necessary  for  the  health  of  the  learner  that  a certain  time 
each  day  be  spent  out  oi  doors.  Oral  instruction  is  preferable  to  continuous 
book-learning,  and  should  be  resorted  to  whenever  practicable.  Instruction 
by  means  of  blackboards,  maps,  and  the  like  is  an  excellent  method  of  im- 
parting information,  for  the  w^rk  is  thus  accomplished  without  compelling 
the  pupil  to  use  his  near  point  of  vision. 
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Study  at  home  should  be  discouraged,  for  this  is  often  done  under  the 
harmful  influence  of  a poor  artificial  light,  with  no  consideration  of  the 
correct  relation  of  light  to  object,  and  usually  with  no  attempt  to  assume  a 
proper  posture  while  at  work.  Frequently,  too,  the  work  is  carried  on 
after  the  child  becomes  sleepy,  an  evil  that  should  not  be  allowed  to  exist. 
For  similar  reasons  the  reading  of  cheap  literature,  in  the  form  of  “dime” 
novels,  etc.,  should  be  prohibited. 

THE  PREVALENCE  OF  MYOPIA  IN  THE  PUBLIC  SCHOOLS. 

The  present  system  of  school-hygiene  owes  its  existence  probably  to 
the  increase  of  myopia  among  the  pupils  in  the  public  schools.  This  disease 
has  furnished  a basis  of  construction  as  to  the  hygienic  requirements  of 
schools.  Certainly  the  disease  has  been  an  active  incentive  to  the  further- 
ance of  many  investigations,  for  the  rapidity  with  which  the  malady  has 
increased  has  been  so  remarkable  and  so  striking,  and  the  decline  after  the 
inauguration  of  proper  school-hygiene  so  very  perceptible,  that  exhaustive 
researches  have  been  instigated  and  many  valuable  statistics  have  resulted. 

As  is  well  known,  the  eyes  of  animals  and  of  uneducated  races  ai  birth 
are  hypermetropic,  whereas  under  the  same  conditions  myopia  is  almost 
unknown.  The  statistics  of  school  examinations  show  that  at  the  beginning 
of  school-life  hypermetropic  eyes  are  more  numerous  than  Loth  emmetropic 
and  myopic  eyes  combined,  and  with  the  increase  cf  myopia  it  has  been 
found  that  the  percentage  of  hypermetropic  ever  decreased  proportion- 
ately, the  intermediate  emmetropic  eyes  remaining  at  about  a standstill. 
This  would  seem  to  show  that  the  change  in  retraction  is  a normal  evolu- 
tion; that  as  the  child  developed  intellectually  the  eye  likewise  developed, 
in  order  to  adapt  itself  to  the  increased  demands  made  by  the  higher  edu- 
cation of  the  individual.  To  disprove  this  theory  Risley  has  shown  that 
myopia  is  not  a characteristic  of  ^ student  any  more  than  of  the  artisan 
whose  trade  requires  accurate  vision,  provided  only  that  his  work 
was  begun  early  in  life.  Re  further  contends,  in  refutation  of  the  theory 
that  the  process  is  physiologic,  that  in  communities  where  but  slight  de- 
mand is  made  upou  the  near  vision  the  necessity  for  constant  care  of 
the  eyes  is  not  imperative.  He  maintains,  further,  that  if  children  from 
these  communities  are  sent  to  school  or  put  at  work  demanding  near 
vision,  the  necessity  for  preventing  injury  to  the  eyes  is  soon  made 
manifest. 

A:  to  the  pathologic  nature  of  myopia,  it  is  but  necessary  to  review 
the  vo"k  of  so  eminent  an  authority  as  Risley.  This  observer  found,  in 
th  s sclooIs  of  Philadelphia,  that  60  per  cent,  of  eyes  with  myopic  astig- 
matism presented  chorioidal  atrophies  or  inflammations,  usually  at  the 
temporal  margin  of  the  optic  nerve ; 87  per  cent,  exhibited  varying  forms 
of  chorioidal  disease;  and  70  per  cent,  were  asthenopic. 

The  pathologic  evolution  of  myopia,— its  direct  relation  to  imperfect 
6chool-conditions, — although  probably  well  known,  may  here  be  briefly 
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described.  Leaving  emmetropia  out  of  the  discussion,  let  us  assume,  for 
the  sake  of  illustration,  a child  with  hypermetropic  astigmatism  laboring 
under  the  disadvantages  of  faulty  school-influences.  In  consequence  of 
insufficient  illumination,  defective  print,  and  the  like,  the  approach  of  the 
object  to  the  eyes  is  made  necessar}q  or,  as  is  more  commonly  the  case  in 
schools,  the  eyes  to  the  object.  This  is  made  easier,  at  an  improperly 
constructed  desk,  by  stooping.  The  result  is  an  undue  effort  of  accommo- 
dation and  convergence,  with  congestion  of  the  ocular  tissues.  The  globe 
is  pressed  upon  by  the  tense  external  recti  muscles,  and  the  tissues  become 
softened  by  the  repeated  congestions.  Hence  elongation  of  the  globe  oc- 
curs in  the  direction  of  least  resistance,  which  is  backward.  The  process  is 
further  continued  by  the  resultant  myopia,  the  object  being  necessarily 
brought  closer  for  recognition,  requiring  increased  accommodation,  con- 
vergence, congestion,  etc.,  and  so  the  process  continues,  elongation  and 
near-sight  progressing  together.  There  are  probably  many  more  factors 
in  the  history  of  this  process,  not  the  least  of  which  is  heredity,  which  is 
probably  responsible  for  astigmatism;  and  the  various  deformities  of  the 
skull,  which  are  believed  to  exert  a prominent  influence. 

THE  INFLUENCE  OF  INJURIOUS  HABITS  ON  THE  EYES  OF  ADULTS. 

The  influence  of  pernicious  habits  upon  the  general  system  has  its 
natural  effect  upon  the  eyes,  which  are  often  not  the  least  to  suffer.  A 
discussion  of  the  evils  that  attend  the  formation  of  harmful  habits  wouffi 
open  up  an  interminable  field  of  reproach.  It  is  sufficient  for  our  present 
purpose  to  mention  here  the  two  practices  most  common  to  mai,  aid  the 
disastrous  effects  they  exert  upon  the  eyes. 

The  use  of  tobacco,  notwithstanding  all  that  has  been  saM  *md  written 
in  its  condemnation,  is,  particularly  when  indulged  in  moderately,  prob- 
ably not  so  harmful  to  the  eyes  as  we  are  generally  led  to  believe.  The 
smoke  is,  of  course,  very  irritating  to  the  conjunctr  ae,  and  disease  of  the 
optic  nerve  has  been  ascribed  to  the  toxic  influent  e.  In  these  cases,  how- 
ever, it  will  usually  be  found,  upon  closer  investigation  into  the  history 
of  the  case,  that  there  are  other  causative  factors  that,  if  not  wholly  re- 
sponsible for  the  diseased  condition,  may  yet  je  considered  as  lending  their 
influence  to  effect  harm.  Many  persons,  moreover,  possess  a peculiar  idio- 
syncrasy for  tobacco. 

What  has  been  said  of  the  hurtful  influence  of  tobacco  applies  in  equal 
degree  to  the  use  of  alcohol.  ’Even  when  ingested  in  small  quantities,  and 
likewise  when  used  in  the  v^ious  trades,  this  idiosyncrasy  makes  itself 
manifest. 

THE  EFFECT  OF  OCCUPATION  UPON  THE  EYES. 

Occupations  requiring  exposure  are  not  without  their  ill  effect  upon 
the  eyes.  Among  such  sufferers  may  be  mentioned  cab-drivers,  fishermen, 
etc.,  who  aro  constantly  exposed  to  violent  changes  in  temperature,  to  winds. 
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etc.  Chemists,  owing  to  the  deleterious  effects  of  the  irritating  gases  some- 
times present  in  chemical  laboratories,  are  frequent  sufferers.  Machinists 
are  constant  victims  of  flying  particles,  and  every  means  should  certainly  be 
taken  to  prevent  what  has  long  been  a prolific  source  of  empty  eye-sockets. 

While  the  writer  was  an  interne  in  the  Wills  Eye  Hospital  of  Philadel- 
phia more  than  2000  cases  of  foreign  bodies  in  the  eye  came  under  his  care 
in  one  year.  Of  this  number,  90  per  cent,  were  men  engaged  in  occupa- 
tions in  which  the  eyes  were  exposed  to  flying  chips  of  steel,  emery  dust, 
fragments  of  stone,  etc.  Hundreds  of  eyes  are  lost  yearly  in  this  way — a 
fact  doubly  to  be  deplored  when  it  is  remembered  that  the  wearing  of  pro- 
tective glasses  would  furnish  an  excellent  means  of  prevention.  There  are 
many  other  occupations  through  which  the  eyes  suffer,  and  among  such  may 
be  mentioned  those  of  dressmakers,  watchmakers,  engravers,  proofreaders, 
etc. ; in  fact,  as  has  already  been  stated,  any  occupation  that  requires  con- 
stant near  vision  will  prove  injurious. 

Nystagmus  may  be  acquired  by  the  pursuit  of  certain  occupations,  and 
is  frequently  observed  in  miners — miners'  nystagmus.  Nystagmus  may  also 
occur  in  others  whose  duties  require  them  to  keep  their  eyes  fixed  u.  abnor- 
mal positions  for  prolonged  periods. 

CARE  OF  THE  EYES  DURING  EPIDEMICS. 

There  are  many  infectious  diseases  of  the  eye;  the  spread  of  which 
could  be  prevented  were  the  ordinary  rules  of  dewiness  strictly  observed. 
In  the  time  of  an  epidemic,  or  when  an  infectious  disease  is  known  to  exist 
in  a household,  it  becomes  the  duty  of  thv'  physician  to  make  known  its 
presence,  in  order  that  he  may,  so  far  lies  in  his  power,  protect  others 
from  infection.  When  the  disease  presents  itself,  the  patient  should  be 
isolated  and  provided  with  toilet  articles,  bed-linen,  etc.,  for  his  individual 
use.  If  but  one  eye  is  infected,  the  patient  should  be  warned  of  the  danger 
of  autoinfection.  All  substances  used  about  the  affected  eye  should  be 
destroyed — burned,  wherever  possible. 

TH  £ CARE  OF  THE  EYES  IN  OLD  AGE. 

In  the  declining  years  of  life  the  tissues  of  the  eye — like  those  of 
other  organs  c*  rHe  body — become  less  resistant  to  disease,  and,  as  a result 
of  undue  strain,  impaired  nutrition,  or  a faulty  hygiene,  often  become  the 
seat  cf  ;erious  diseases.  One  of  the  most  common  of  these  is  cataract. 
Thib  afftotion  is  rare  among  those  who  in  youth  exercised  proper  care  of 
the  ^yes,  and  who,  when  the  necessity  arose,  were  fitted  with  suitable 
lenses.  Once  the  disease  has  become  complete,  operative  procedure  is  the 
on  y resource.  With  the  observance  of  a rigid  hygiene,  and,  if  deemed 
advisable,  the  adjustment  of  proper  correcting  lenses,  the  progress  of  the 
disease  may  in  many  cases  be  retarded  and  amelioration  of  the  symptoms 
sometimes  follows. 
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As  life  progresses  the  power  of  accommodation  gradually  diminishes 
until,  when  the  age  of  forty  or  thereabouts  is  reached,  it  has  almost  dis- 
appeared. At  seventy-five  it  is  usually  entirely  obliterated.  This  failure 
of  accommodation,  known  as  presbyopia,  is  the  natural  result  of  oncoming 
old  age.  In  this  condition,  the  lens,  having  lost  its  elasticity,  is  pre- 
vented from  assuming  that  convexity  which  is  necessary  for  the  act  of  ac- 
commodation. This  convexity  must,  therefore,  be  supplied  by  suitable 
glasses. 

In  advancing  old  age  the  greatest  care  should  be  exercised  that  the 
eyes  be  not  unduly  strained  by  prolonged  application  to  near  work.  Strong 
lights  should  be  avoided  as  much  as  possible  and  every  effort  should  be 
made  to  shield  the  visual  organs  from  the  effects  of  Irritating  vapors  and 
gases.  The  eyes  should  frequently  be  bathed  with  a solution  of  boric 
acid, ^10  gl-ains  to  the  ounce  of  distilled  water, — the  solution  being 
applied  by  means  of  a pipette  or  eye-dropper.  If  glasses  are  worn,  these 
should  be  kept  perfectly  clear  by  repeated  washings.  It  should  be  borne 
in  mind  that  glasses  require  frequent  adjusting;  particularly  is  this  so 
when  different  glasses  are  used  for  reading  and  for  distant  vision,  the 
frequent  interchange  rendering  this  necessary.  (See,  further,  the  section 
on  “The  Care  of  Spectacles.”) 

CLIMATIC  CHANGES  IN  THEIR  EFFECTS  UPON  THE  EYES. 

In  judging  of  the  effects  of  climate  upon  the  eyes  it  must  be  borne  ix. 
mind  that  the  eye-tissues,  as  well  as  the  nasal  passages,  of  some  individual* 
are  peculiarly  susceptible  to  atmospheric  and  climatic  changes.  Tt  se3ms 
hardly  necessary  to  state  that  a person  so  afflicted  should,  where\  u*  p >sslble, 
take  up  his  residence  in  a district  best  suited  to  his  condition.  At  the  first 
premonition  of  the  approach  of  an  attack  he  should  be  advis  id  *;o  change  his 
place  of  residence. 

The  effects  of  climatic  changes  upon  the  eyes  seem  R kj  felt  particularly 
in  hospitals,  among  patients  whose  eye-tissues  are  in  1c  w state  of  vitality, 
and  hence  are  more  susceptible  to  such  influences.  During  one  outbreak 
of  catarrhal  conjunctivitis  that  occurred  at  Wiliu  Eye  Hospital  the  writer 
observed  19  cases  develop  within  eighi  turns.  This  outbreak  occurred 
simultaneously  on  both  sides  of  the  house,  ±2  cases  appearing  among  the 
male  patients  and  7 among  the  female,  although  there  was  no  possible  means 
of  direct  communication  between  tie  two  departments.  These  attacks  occur 
almost  invariably  at  the  beginrlng  uf  the  rainy  seasons,  particularly  in  the 
spring  and  fall. 

It  has  been  noted,  duMrg  the  writer’s  observations  in  the  Wills  Eye 
Hospital,  that,  when  such  an  outbreak  of  catarrhal  conjunctivitis  occurs 
among  the  patientt  a'mest  every  inmate  sooner  or  later  succumbs  to  an 
attack  of  the  disease,  \arying  in  intensity  from  a slight  catarrh  to  quite  vio- 
lent symptom?.  Renee  these  outbreaks  are  regarded  with  a great  deal  of 
apprehension,  t'rr,  aside  from  the  discomforts  produced  by  the  disease,  the 
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progress  of  the  healing  process  is  naturally  retarded,  and  as  a result  of 
repeated  attacks  a chronic  inflammation  ensues. 

The  disease  generally  subsides  as  suddenly  as  it  appeared.  The  writer 
has  also  observed  the  marked  tendency  of  keratitis,  conjunctivitis,  etc.,  to 
follow  upon  climatic  changes,  and  he  has  noted  their  influence  to  affect  par- 
ticularly the  healing  process  after  corneal  sections. 

THE  CARE  OF  SPECTACLES. 

When  the  patient  has  been  fitted  with  glasses,  he  should  be  instructed 
as  to  the  proper  method  of  caring  for  them,  so  as  to  secure  the  best  results. 
He  should  be  told  of  the  necessity  for  keeping  them  adjusted  accurately, 
and  the  need  for  cleanliness  should  also  be  dwelt  upon.  It  apparently 
never  occurs  to  some  that  their  glasses  require  cleaning,  and  a supposed 
visual  defect  will  often  prove  in  reality  to  be  but  a dimness  of  vision  due  to 
soiled  lenses.  When  such  glasses  are  worn  persistently,  the  straining  in 
an  effort  to  see  may  give  rise  to  irritation  and  inflammation  of  the  eyes. 

In  cleaning  spectacles  the  frame  should  be  grasped  firmly  clos^  to  the 
hinge,  and  not  at  the  bridge.  The  lenses  should  then  be  wi^ed  ca  efully 
with  a clean,  unstarched  handkerchief,  so  as  to  avoid  scratching  the 
glasses.  At  least  once  a week  the  glasses  should  be  washed  in  ammonia- 
water,  except  in  the  case  of  bifocal  lenses,  where  this  ^ptration  would  be 
destructive.  A fact  to  be  borne  in  mind  is  that  gh  sse  s must  be  changed 
at  stated  intervals ; frequently,  too,  they  require  ^ha^ging  after  prolonged 
illness  or  following  severe  shock. 


CHAPTER  XXVII. 


METHODS  EMPLOYED  IN  THE  MICROSCOPIC  EXAMINATION 

OF  THE  EYE. 

By  W.  E.  FISCHER,  M.D.,  of  St.  Louis, 

Late  Voluntary  Assistant  at  the  Imperial  Royal  Eye  Clinic  of  Vienna. 

MATERIAL. 

To  obtain  fresh  human  eyeballs  for  histologic  study  is  extremely  diffi- 
cult, as  comparatively  few  pathologic  conditions  require  an  enucleation  of 
a healthy  globe.  The  chief  sources  of  such  eyes  are  executed  criminals, 
retrobulbar  and  epibulbar  tumors,  and  resections  of  the  upper  jaw.  An 
eye  enucleated  two  to  three — at  the  highest  four — hours  after  death  is 
scarcely  to  be  utilized  for  careful  histologic  research. 

Pathologic  material  is  more  readily  procured  fresh,  as  the  treatment 
often  necessitates  the  removal  of  the  globe  or  the  diseased  tissue.  Some 
morbid  conditions  still  remain  which  do  not  require  an  enucleation  or  ex- 
cision  of  the  diseased  tissue  and  can  consequently  be  obtained  only  af+er 
death. 

Enucleation. — For  the  technique  see  page  607.  The  assistant  should 
exercise  great  caution  not  to  allow  the  corneal  epithelium  tc  dr} , nor  to 
brush  it  off  by  reckless  sponging  with  dry  gauze. 

Orientation. — The  vessel  into  which  an  enucleated  bulbus  is  placed 
should  be  labeled  immediately  after  enucleation.  Threads  may  be  passed 
through  the  tendinous  stumps  of  the  internal  and  external  recti  muscles. 
But  the  form  and  asymmetry  of  the  bulbus,  the  sVpe  of  the  cornea,  the 
stumps  of  the  tendinous  insertions  of  the  oculai  muscles,  the  entrance  of  the 
two  long  posterior  ciliary  vessels,  which  perforate  the  sclera  on  each  side 
of  the  optic  nerve  in  the  horizontal  meridian,  and  the  eccentric  entrance 
of  the  optic  nerve  will  prove  of  value  in  orientation. 

PRESERVATION  OF  E'  fcBALLS  FOR  DEMONSTRATION. 

Dry  Method. — Fix  the  balbus  in  formol;  then  harden  and  dehydrate 
thoroughly  in  absolute  alcohol,  which  should  be  changed  a number  of  times. 
Finally  the  eye  is  left  in  pare  turpentine  for  a week,  is  then  taken  out,  and 
the  superfluous  turpentine  is  allowed  to  evaporate  slowly.  Such  bulbi  will 
keep  indefinitely. 

A very  gcoa  medium  is  a 4-per-cent,  strength  formol  solution  (4  parts 
of  formol  to  06  parts  of  water).  The  cut  surface  of  the  eyeball  is  laid 
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on  the  bottom  of  a glass  container  (made  by  Wall  & Ochs).  The  glass  rod 
in  the  rubber  stopper  is  pressed  down  on  the  spheric  side  of  the  eye  to  hold 
it  in  place. 

Kaiserling’s  Method  is  admirably  adapted  to  preserve  the  colors  and 
transparency  of  the  ocular  structures;  it  is  as  follows: — 


Formol  750.0 

Distilled  water 1000.0 

Potassium  nitrate  10.0 

Potassium  acetate  30.0 


The  specimens  are  allowed  to  remain  in  this  solution  for  twenty-four 
hours.  Transfer  to  80-per-cent,  strength  alcohol  for  twelve  hours.  They 
are  then  placed  in  95-per-cent,  strength  alcohol  for  two  hours.  The 
preparations  are  preserved  in  a mixture  of  water  and  glycerin,  equal  parts, 
with  the  addition  of  30  parts  of  potassium  acetate.  Very  delicate  objects 
are  to  remain  in  this  mixture  only  for  from  one  to  two  days,  and  are  finally 
preserved  in  a mixture  of  equal  parts  of  water  and  glycerin  with  the  addi- 
tion of  a little  absolute  alcohol  (1  to  10). 

Method  of  Priestley  Smith. — The  eye  is  bisected,  preferaJv  after  it 
has  been  frozen.  The  yellow  stain  imparted  to  a specimen  fix  ‘d  in  Muller’s 
fluid  may  be  removed  by  placing  it  in  a 5-per-cent,  strength  solution  of 
chloral  hydrate,  which  is  renewed  every  two  or  three  day  a until  the  solu- 
tion no  longer  becomes  tinged. 

Now  place  the  preparation  successively  in  1 )-,  25-,  and  50-per-cent, 
strength  glycerin  solutions,  allowing  it  to  rer  lain  f o?  twenty-four  hours  in 
each.  Preserve  the  specimen  in  a jelly  coi  sistn*g  of : — 


Best  French  gelatin  (Coignet  & Go.,  Paris) 1.0 

Water 6.0 

Glycerin  6.0 


The  gelatin  remains  in  the  vator  until  it  swells,  and  is  then  melted 
by  gently  warming;  now  ado  glycerin  and  a few  drops  of  carbolic  acid 
or  thymol.  Filter  throu£  n d.annel  while  warm. 


Method  of  Nettlt^hip. — 

Glyceri  j 250.0 

Gelatin  250.0 

Chvoscte  1.0 


All  the  interstices  of  the  preparation  are  filled  with  the  mixture,  and 
then  the  i.ir-tight  jar  is  filled  with  the  jelly  and  sealed. 

FIXING. 

The  object  of  fixation  is  to  retain  the  tissue-elements  in  the  condition 
which  the  tissue  presented  in  life  or  at  the  moment  of  death,  and  to  pre- 
vent further  postmortem  changes.  Most  of  the  fixing  fluids  coagulate  the 
albumin,  while  others  dehydrate. 
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Miiller’s  Fluid  (Introduced  by  H.  Muller). — 


Potassium  bichromate  2.5 

Sodium  sulphate  1.0 

Distilled  water 100.0 


The  fluid  must  be  used  in  considerable  quantities  and  renewed  daily 
until  it  no  longer  becomes  cloudy.  For  thorough  fixation  a period  of  six 
weeks  at  the  temperature  of  the  room  (70°  F.)  will  be  required.  By  plac- 
ing the  specimen  in  an  incubator  at  a temperature  of  36°  to  40°  C.  and 
changing  the  fluid  daily  fourteen  days  will  suffice.  To  prevent  the  develop- 
ment of  fungi  a little  camphor  or  carbolic  acid  may  be  added.  Virchow 
recommends  keeping  the  specimen  in  the  dark  to  prevent  the  formation  of 
precipitates  in  the  tissues. 

When  fixation  is  complete  the  specimen  is  to  be  washed  in  flowing  water 
for  twenty-four  hours  and  then  is  hardened  in  alcohol  of  increasing  con- 
centration (see  page  777).  Muller’s  fluid  enjoyed  great  popularity  among 
ophthalmologists,  but  it  has  been  partly  superseded  by  formol,  sublimate, 
and  picric  acid-sublimate,  which  are  sometimes  preferred.  A specimen 
should  be  fixed,  hardened,  and  stained  in  accordance  with  the  peculiarities 
sought  for. 

Formol. — Formol,  or  formalin,  is  an  aqueous  solution  containing  40 
per  cent,  of  formaldehyd-gas.  It  is  used  in  strengths  of  4 to  10  per  cent. 
An  ordinary  working  solution  is: — 


Formol  10.0 

Distilled  water 100.0 


The  above  solution  fixes  in  from  twelve  to  twenty-four  hours. 

If  the  eyeball  be  left  in  formol  too  long  the  lens  and  scFra  get  very 
hard.  A 4-per-cent,  strength  formol  solution  is  a suitable  agv'nt  to  preserve 
eyes  which  are  intended  for  museum  purposes. 

Formol-Muller  Fluid. — 

Potassium  bichromate 2.5 

Sodium  sulphate  1.0 

Formol  10.0 

Distilled  water 100.0 

Or  to  100  cubic  centimetres  of  MiilleFs  .iuid  are  added  10  cubic  centimetres 
of  concentrated  formol  solution.  The  specimen  is  fixed  in  from  six  to 
fifteen  hours.  Wash  in  flowing  wattx  hr  twenty-four  hours.  The  formol 
is  preferably  added  immediately  Lefore  the  solution  is  used,  since  the 
mixture  loses  its  efficacy  in  r week. 

Absolute  Alcohol  is  po5  good  fixing  agent  for  the  eyeball,  which  it 
shrinks  too  much.  The  fi^ei  structures  are  not  well  preserved.  It  answers 
very  well  where  we  w’sh  to  examine  for  tubercle  bacilli  or  leprosy  bacilli. 


Erlitzki’s  Fluiu  — • 

Potagiium  bichromate 50.0 

Covpor  -ulphate 10.0 

Distilled  water 1000.0 
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This  fluid  fixes  more  rapidly  than  Muller’s  fluid.  Ten  days  at  the  tem- 
perature of  the  room  or  four  days  in  an  incubator  are  sufficient.  The  eye- 
ball is  then  to  be  thoroughly  washed  in  water  for  twenty-four  hours. 
Erlitzki’s  fluid  is  similar  to  Muller’s  fluid,  but  it  produces  more  shrinking 
and  more  precipitates. 

Sublimate. — 

Corrosive  sublimate,  saturated  solution, 

Alcohol,  95-per-cent,  strength of  each  100.0 

The  eyeball  remains  in  the  solution  for  twenty-four  hours.  It  is  then 
washed  thoroughly  in  flowing  water  and  finally  is  transferred  to  a brown- 
red  solution  of  iodin  in  70-per-cent,  strength  alcohol,  which  must  be  changed 
until  it  retains  its  brown-red  tint.  The  iodin  removes  the  sublimate  crys- 
tals which  were  precipitated  in  the  tissues.  Sublimate  is  an  admirable 
fixing  agent  for  the  preservation  of  karyomitotic  figures. 


Flemming’s  Solution. — 

One-per-cent,  strength  chromic  acid  15.0 

Two-per-cent,  strength  osmic  acid 4.0 

Glacial  acetic  acid 1.0 


Allow  the  preparation  to  remain  in  this  solution  for  at  ’east  twenty- 
four  hours.  This  is  a splendid  medium  for  fixing  the  reciAa,  the  vitreous 
body,  karyomitotic  figures,  and  fat. 

Other  fixing  agents  are:  picric  acid,  sublimate-pi  die  acid,  3-per-cent, 
strength  nitric  acid,  osmic  acid,  etc. 

WASHING. 

Specimens  that  have  been  fixed  in  Muller’s  fluid,  in  picric  acid,  or  in 
Erlitzki’s  fluid  should  be  washed  in  lowing  water  for  twenty-four  hours. 
The  specimen  may  be  placed  in  a jar  into  which  a small  rubber  tube  hangs 
from  the  faucet.  If  the  specima^  ;s  small,  a piece  of  gauze  may  be  tied  over 
the  top  of  the  jar  to  prevert  ;t  -rom  getting  lost.  If  a hydrant  is  not  con- 
venient, a large  jar  in  which  the  water  is  frequently  renewed  will  answer  as 
well. 

DECALCIFICATION. 

In  certain  indices  calcification  or  ossification  renders  the  sectioning 

o 

with  the  micro  Lome  difficult  or  impossible.  In  order  that  sectioning  may 
be  done  tbj  specimen  must  be  decalcified.  Lime  deposits  may  occur  in 
all  poTiooos  of  the  eye.  Perichorioidal  ossifications  are  very  common 
after  *uJi animations.  Calcareous  deposits  are  frequent  in  gliomata  of  the 
retina,  and  ossifications  in  sarcomata  of  the  chorioid  have  been  occasionally 
chsbived. 

The  best  fluids  for  decalcification  are : — 

1.  Muller’s  Fluid. — Muller’s  fluid  will  decalcify,  provided  the  speci- 
mens be  left  in  the  solution  long  enough.  It  decalcifies  very  slowh',  and  it 
will  be  necessary  to  permit  the  specimens  to  remain  in  it  for  months. 
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2.  Picric  Acid. — Picric  acid  in  a concentrated  aqueous  solution  decal- 
cifies slowly  because  it  does  not  penetrate  into  the  tissues  deeply.  The 
same  is  true  of  picro-nitric  acid. 

3.  Method  of  Haug. — This  method  is  well  adapted  to  decalcify  the 
tissues  of  the  eye,  especially  if  the  specimens  have  been  fixed  in  formol  or 
sublimate. 

Nitric  acid 3.0  to  9.0  c.  cms. 

Absolute  alcohol 70.0  c.  cms. 

Distilled  water 30.0  c.  cms. 

Sodium  chlorid  9.25  c.  cm. 

4.  Phloroglucin  Method. — 

Phloroglucin  !-9 

Nitric  acid 5.0 

Alcohol 79.0 

Distilled  water 30.0 

The  above  solution  decalcifies  rapidly.  The  time  required  for  com- 
plete decalcification  varies  with  the  amount  of  calcareous  material  to  be 
removed  and  the  thickness  of  the  specimen.  To  ascertain  if  the  decalci- 
fication is  complete,  we  prick  the  area  of  the  deposit  with  a teasing  needle. 
After  the  calcareous  deposit  has  been  removed,  the  specimen  should  be 
washed  in  water  for  several  days. 

If  the  condition  remained  unnoticed  until  the  specimen  was  mounted 
for  sectioning,  it  should  be  placed  in  equal  parts  of  absolute  alcohol  and 
ether  to  dissolve  the  celloidin  and  then  should  be  decalcified. 

BLEACHING. 

In  order  to  render  the  examination  of  the  minute  details  of  some 
normal  and  pathologic  ocular  tissues  possible,  the  pigmer  t winch  is  natu- 
rally present  must  be  removed.  Among  the  bleaching  methods  are  the 
following : — 

Hydrogen  Peroxid. — The  celloidin  sections  are  w ished  in  water  and 
are  then  placed  in  peroxid  of  hydrogen  and  a~e  exposed  to  the  sunlight  for 
two  or  three  days  until  they  are  sufficiently  bleached.  The  sections  become 
brittle  by  this  process,  but  they  will  sta  in  well. 

Chlorin. — The  chlorid  of  lime  or  chionn-water  may  be  used,  but  they 
also  make  the  sections  fragile. 

Griffith’s  Method. — 

Potassium  chlorate L0 

Concentrated  hydrochloric  acid 2.0 

Distilled  water..  300.0 

The  mixture  must  be  shaken  from  time  to  time  and  should  remain 
in  the  dark. 

Alfieri’s  Method. — 1.  Place  the  sections  in  a potassium-permanganate 
solution  (1  *o  2000)  for  twenty-four  hours.  When  exposed  to  sunlight,  the 
sections  assume  the  brown  color  in  less  time. 


824 


MODERN  OPHTHALMOLOGY. 


2.  Transfer  the  brown  sections  to  a solution  of  oxalic  acid  (1  to  300), 
which  fully  bleaches  them  in  a few  seconds. 

The  sections  will  be  fragile.  After  all  bleaching  processes  the  speci- 
mens do  not  stain  as  well  as  unbleached  sections;  hence  they  must  be  left 
in  the  stains  longer. 

HARDENING. 

After  the  eyeball  is  fixed  and  washed  and  eventually  decalcified,  it  is 
ready  to  be  hardened.  We  usually  employ  alcohol  in  increasing  concentra- 
tions for  this  purpose  as  follows: — 

The  eye  is  placed  in  alcohol:  70-per-cent,  strength  for  twenty-four 
hours,  80-per-cent,  strength  for  twenty-four  hours,  90-per-cent,  strength  for 
twenty-four  hours,  95-per-cent,  strength  for  twenty-four  hours,  and  in  abso- 
lute alcohol  for  forty-eight  hours. 

For  practical  purposes  it  will  suffice  if  the  eye  be  placed  in  70-per-cent, 
strength,  in  90-per-cent,  strength,  and  in  absolute  alcohol.  The  percentage 
of  dilute  alcohol  need  not  be  absolutely  accurate.  It  may  be  roughly  made 
as  follows: — 

70-per-cent,  strength  alcohol  = 74  c.  eras,  of  95-per-cent,  strength  alcohol  +26  c.  eras,  of  listilled  vater. 

80-per-cent,  strength  alcohol  = 84  c.  eras,  of  95-per-cent,  strength  alcohol  + 16  c.  cms.  of  distilled  water. 

90-per-cent,  strength  alcohol  = 95  c.  eras,  of  95-per-cent,  strength  alcohol  + 5 c.  cms.  >1  d stilled  water. 

The  absolute  alcohol  should  be  changed  once  after  .wenty-four  hours. 

CUTTING  THE  EYEBALL  PREPARATORY  TO  MOUNTING. 

The  eye  is  ready  to  be  cut  for  mounting  whon  it  has  been  sufficiently 
hardened.  The  sections  are  cut  accordin  g to  the  condition  for  which  we 
desire  to  examine.  The  globe  may  be  cut  in  quadrants  (a  very  convenient 
form),  one  section  being  made  in  the  vertical  meridian  and  the  other  in  the 
equator.  If  the  lens  is  to  be  kept  in,  place,  the  eye  may  be  capped  in  a 
horizontal  direction  above  and  bc  iov  the  lens.  In  cases  in  which  the  dis- 
placement of  the  lens  is  a matter  of  indifference  the  bulbus  may  be  divided 
in  the  horizontal  meridian  into  an  upper  and  lower  half.  If  a tumor  is 
present,  we  may  divid-  tie  globe  in  the  meridian  in  which  the  growth  is 
situated. 

IMBEDDING,. 

Celloidin  Tmhtdding. — Specimens  that  have  been  hardened  and  cut 
must  be  imbedded  in  some  solid  material  in  order  to  render  sectioning  with 
the  microtome  possible.  Celloidin  imbedding,  proposed  by  Schieferdecker, 
was  firs4-  applied  for  imbedding  eyes  by  Becker,  and  is  practically  the  best 
method.  Celloidin  (Schering)  is  obtained  in  sealed  bottles.  Thick  cel- 
loidm  is  made  by  allowing  a sufficient  amount  of  celloidin  to  dissolve  in 
eq  lal  parts  of  absolute  alcohol  and  ether  to  make  a fluid  the  consistency 
©f  thick  syrup.  Thin  celloidin  is  obtained  by  further  diluting  thick  cel- 
loidin with  equal  parts  of  absolute  alcohol  and  ether  until  it  is  a thinner, 
less  viscid  fluid  resembling  collodion. 
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After  the  globe  has  been  hardened  and  dehydrated  in  absolute  alcohol 
it  is  placed  in  an  absolute  alcohol  and  ether  mixture,  equal  parts,  for 
twenty-four  hours.  It  is  then  put  in  thin  celloidin  for  from  four  days  to 
two  weeks.  The  longer  the  specimen  remains  in  the  thin  celloidin,  the  more 
thoroughly  its  tissues  will  be  permeated  by  it.  It  is  finally  transferred  to 
the  thick  celloidin  and  left  in  it  for  the  same  length  of  time,  when  all  is 
ready  for  mounting. 

For  the  purpose  of  mounting,  the  specimen  is  placed  in  a glass  vessel 
deep  and  wide  enough  to  allow  at  least  one-fourth  inch  space  on  all  sides. 
The  specimen  is  put  in  the  centre  and  the  thick  colloidin  is  poured  on  until 
it  rises  one-fourth  inch  or  more  above  the  specimen.  The  vessel  is  then 
covered  with  a small  bell- jar,  and  the  alcohol  and  ether  are  allowed  to 
evaporate  very  slowly  in  a cool  place.  The  celloidin  is  permitted  to  harden 
until  it  has  the  consistency  of  wax : i.e.,  to  a degree  that  an  impression  with 
the  finger-tip  (not  the  nail)  can  scarcely  be  made.  This  usually  requires 
from  two  to  four  days,  depending  on  the  rapidity  of  evaporation,  etc. 

The  firm  celloidin  is  loosened  by  passing  a knife  along  the  walls  of  the 
vessel,  and  its  contents  are  expelled  by  gently  tapping  on  the  bottom.  The 
superfluous  celloidin  is  trimmed  off,  and  the  specimen  (inclosed  in  cel- 
loidin) is  then  placed  in  70-per-cent,  strength  alcohol  for  twenty-four 
hours,  when  it  will  be  sufficiently  hardened  to  be  mounted  on  a block  of 
wood,  cork,  iron,  or  stabilit  (insulating  fibre)  which  fits  the  microtome- 
clamp.  Thick  celloidin  is  spread  on  one  surface  of  the  block  of  woo  a or 
cork  and  the  celloidin  block,  with  its  inclosed  specimen,  is  gently  pressed 
on  it.  After  ten  minutes  the  wood  and  the  celloidin  block  arz  immersed 
in  70-per-cent,  strength  alcohol  and  left  in  it  for  a number  of  hours,  when 
all  is  ready  for  sectioning  with  the  microtome. 

Paraffin  Imbedding  briefly  consists  of  the  following  i tens: — 

1.  Thorough  dehydration  of  the  specimen  in  absolute  alcohol  for  from 
five  to  twenty-four  hours. 

2.  Place  in  xylol  for  from  one-half  to  four  hours. 

3.  Place  in  xylol-paraffin  (concentrated  solution  of  paraffin  in  xylol) 
for  from  one  to  six  hours. 

4.  Melted  soft  paraffin  (42  degree! ) fir  from  one-half  to  two  and  one- 
half  hours. 

5.  Melted  hard  paraffin  (58  degrees)  for  from  one-half  to  two  and  one- 
half  hours. 

6.  Place  the  specimen  i;>  a mold  and  pour  on  58-degree  paraffin  and 
allow  to  cool. 

7.  Mount  on  a block  which  fits  the  microtome-clamp. 

The  above  method  is  admirable  for  the  retina,  chorioid,  etc.,  but  if  it 
be  used  for  a gloLS  ihe  lens  must  be  removed  from  the  eye. 

Paraffin  sections  are  mounted  by  spreading  a drop  of  water  containing 
a trace  of  alcohol  on  a slide,  on  which  the  section  is  now  laid.  The  slide 
may  be  v ai  med  until  the  water  has  evaporated;  or  the  slides  may  be 
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placed  in  an  incubator  and  kept  at  a temperature  of  30°  to  35°  C.  for  from 
twelve  to  twenty-four  hours.  If  the  specimen  has  been  fixed  in  Muller's 
fluid,  chromic  acid,  or  osmic  acid,  the  sections  are  preferably  fixed  on  the 
slide  with  a mixture  of  the  filtered  white  of  an  egg  and  an  equal  quantity 
of  glycerin  to  which  a few  grains  of  sodium  salicylate  or  a trace  of  thymol 
have  been  added  to  prevent  the  growth  of  fungi. 

A drop  of  this  mixture  is  put  on  the  slide  and  the  technique  for 
mounting  the  section  on  the  slide  is  the  same  as  for  the  water  with  a trace 
of  alcohol. 

The  paraffin  must  be  removed  from  the  mounted  paraffin  sections 
before  they  will  accept  any  stain.  This  is  accomplished  by  placing  the 
slide  on  which  the  section  has  been  fastened  in  a vessel  containing  pure 
xylol.  Then  the  xylol  should  be  removed  with  absolute  alcohol ; if  aqueous 
solutions  of  the  stains  are  to  be  used,  the  section  is  next  transferred  to 
90-per-cent,  strength  alcohol,  then  to  60-per-cent,  strength  alcohol,  and 
finally  to  water,  when  it  is  ready  to  be  stained. 

CUTTING  THE  SECTIONS. 

The  specimen-block  should  be  clamped  firmly  in  the  mici  oizme.  In 
cutting  specimens  that  have  been  mounted  in  celloidin  Lhe  microtome- 
knife  should  be  set  at  as  acute  an  angle  as  possible,  in  ^raer  to  utilize  as 
much  of  the  cutting  edge  of  the  blade  as  we  can.  The  knife  should  be 
drawn  slowly  and  evenly  to  obtain  sections  free  from  tears  and  of  a uniform 
thickness.  The  blade  and  the  specimen  shcuid  La  kept  well  moistened 
with  80-per-cent,  strength  alcohol  to  keep  tho  sr  jcimen  from  drying,  and 
to  permit  the  sections  to  float  on  the  knife.  The  specimens  may  be  washed 
in  water  and  then  stained,  or  they  may  be  preserved  in  80-per-cent, 
strength  alcohol. 

In  cutting  paraffin  sections  the  knife  is  not  placed  at  so  sharp  an  angle 
and  the  sections  are  cut  dry.  If  ribbon  sections  are  to  be  cut,  the  knife  is 
set  at  right  angles  to  the  a>t°tion  in  which  it  moves,  and  the  paraffin 
should  be  quadrilateral.  The  sections  are  prevented  from  rolling  up  and 
are  removed  from  the  knife  with  a fine  camel-hair  brush  or  a delicate 
bristle.  If  the  section  should  be  wrinkled,  they  may  be  placed  in  tepid 
water,  when  they  will  flatten  out. 

STAINING. 

NUCLEAR  STAINS. 

1.  K^malaun  of  P.  Meyer. — One  gram  of  hematein  is  dissolved  in  50 
cubie  centimetres  of  90-per-cent,  strength  alcohol  by  warming.  This  is 
added  to  a solution  of  50  grams  of  alum  in  1000  cubic  centimetres  of  dis- 
l;  lied  water.  A crystal  of  thymol  may  be  added  to  prevent  the  growth  of 
fungi. 

Staining. — 1.  Wash  the  sections  in  water. 

2.  Stain  for  from  five  to  fifteen  minutes. 
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3.  Wash  in  water  for  from  ten  to  twenty  minutes, 

4.  Dehydrate  in  95-per-cent,  strength  alcohol. 

5.  Clear  in  carbol-xylol.  Balsam. 

2.  Delafield’s  Hematoxylin. — Four  hundred  cubic  centimetres  of  a con- 
centrated aqueous  ammonic-alum  solution  is  mixed  with  a solution  of  4 
grams  of  hematoxylin  in  25  cubic  centimetres  of  absolute  alcohol.  The 
mixture  is  exposed  to  the  light  in  an  open  vessel  for  three  or  four  days ; 100 
cubic  centimetres  of  methylic  alcohol  and  100  cubic  centimetres  of  glycerin 
are  then  added,  and  the  stain  is  allowed  to  mature.  In  a few  days  it  is 
filtered  and  is  ready  for  use. 

Staining. — 1.  Sections  are  washed  in  water  (or  1-per-cent,  strength 
alum  solution). 

2.  Sections  are  stained  for  from  two  to  three  minutes;  if  the  stain 
has  been  diluted  with  water,  ten  to  fifteen  minutes.  The  section  should 
have  a light-blue  tint,  not  an  intensely  dark  one. 

3.  Wash  in  water  until  no  more  blue  color  is  given  off  (for  from  ten 
to  fifteen  minutes  to  several  hours). 

4.  Dehydrate  in  95-per-cent,  strength  alcohol. 

5.  Clear  in  carbol-xylol.  Balsam. 

If  a section  has  been  overstained  in  hemalaun  or  hematoxylin,  the 
desired  tint  may  be  obtained  by  the  following  procedure:  Place  the  over- 
stained section  in  yi0-per-cent.  strength  muriatic  acid  until  it  turns  reu 
then  wash  the  section  thoroughly  in  water  for  several  hours.  Shou1 1 th  3 
section  be  still  overstained,  the  procedure  can  be  repeated  until  the  proper 
tint  is  obtained. 

3.  Alum-carmin  (Grenacher). — Boil  1 gram  of  carmin  in  lOO  cubic 
centimetres  of  a 5-per-cent,  strength  alum  solution  for  twenty  minutes; 
when  the  solution  is  cool,  filter  it. 

Staining. — 1.  Wash  in  water. 

2.  Stain  in  carmin  for  from  ten  minutes  to  s?\ ora1  hours  (this  carmin 
does  not  overstain) . 

3.  Wash  in  water. 

4.  Dehydrate  in  95-per-cent,  strergth  alcohol. 

5.  Carbol-xylol.  Balsam. 

4.  Borax-carmin  (Grenacher),  aqueous  Solution. — 

Carmin  

Borax  20 

Distilled  water 100.0 

The  above  ingredients  are  mixed  and  boiled,  and  5 cubic  centimetres  of 
a 5/10-per-cent.  strength  solution  of  acetic  acid  are  added,  drop  by  drop, 
while  the  mixture  :c  being  constantly  stirred  until  it  turns  to  a deep-red 
color.  Filter  the  solution  after  twenty-four  hours. 

Staining. — 1.  Wash  in  water. 

2.  Sts  ir.  in  carmin  for  from  five  to  twenty  minutes. 
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3.  Differentiate  in  hydrochloric  acid-alcohol  (concentrated  hydro- 
chloric acid,  1.0;  alcohol,  70-per-cent,  strength,  100.0), 

4.  Wash  thoroughly  in  water. 

5.  Alcohol,  carbol-xylol.  Balsam. 

5.  Borax-carmin  (Grenacher),  Alcoholic  Solution. — The  alcoholic  solu- 
tion is  used  if  the  sections  are  not  to  be  brought  in  contact  with  water.  It 
is  prepared  as  follows: — 


Carmin 2 to  3 

Borax  4 

Distilled  water  93 


After  forty-eight  hours  the  above  solution  is  mixed  with  100  cubic  centi- 
metres of  70-per-cent,  strength  alcohol.  Allow  the  mixture  to  stand  for 
thirty-six  hours*  time  and  then  filter  it.  Nuclei  stain  red  with  this  solution. 

Staining.  1.  Transfer  the  section  directly  from  70-per-cent,  strength 
alcohol  into  the  alcohol-carmin  and  stain  for  from  five  to  twenty  minutes. 

2.  Differentiate  in  hydrochloric  acid,  1.0;  alcohol,  70  - per  • cent, 
strength,  100.0. 

3.  Wash  in  70-per-cent,  strength  alcohol  for  several  houi«, 

4.  Dehydrate  in  95-per-cent,  strength  alcohol. 

5.  Carbol-xylol.  Balsam. 

6.  Lithia-carmin  (Orth). — Dissolve  2.5  grams  of  carmin  in  100  cubic 
centimetres  of  a cold,  saturated  solution  of  lithia  -a\bonate. 

Staining. — 1.  Wash  the  sections  in  watu*. 

2.  Stain  in  the  solution  for  from  fivt  to  ten  minutes.  (By  warming 
gently  over  the  vapor  of  a water-bath  two  to  h/e  minutes  will  suffice.— Ober- 
6teiner. ) 

3.  Differentiate  in  hydrochloric  uc'd  alcohol  as  before. 

7.  Safranin  (Pfitzner). — Thib  is  in  admirable  stain  for  specimens  that 
have  been  treated  with  Flemming's  solution. 


Safranin  . . . \ q 

Absolute  a! coho 100.0 

Distilled  water 200.0 


Dissolve  t^e  sairanin  in  alcohol  and  then  add  the  water.  Stain  the 
sections  in  stain  from  two  to  twenty-four  hours.  If  the  specimens 
have  b°ep  fixed  in  Flemming’s  solution  and  the  sections  stained  with 
safranin  and  treated  with  acid-alcohol  (8  drops  of  hydrochloric  acid  or  10 
drops  Oi.  a concentrated  solution  of  picric  acid  to  100  cubic  centimetres  of 
akohol),  until  the  celloidin  is  colorless,  the  chromatin  of  the  nuclei  only 
whl  he  stained.  Absolute  alcohol.  Xylol.  Canada  balsam. 

Earyomitotic  figures  are  stained  intensely  red ; the  nuclei  at  rest  are 
pale  pink.  Mucin  appears  yellowish  red,  while  fibrin  takes  a deep-red  tint. 

8.  Fuchsin  (Kubin). — This  stain  is  prepared  and  used  like  safranin. 
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PROTOPLASMIC  STAINS. 

The  basic  anilin  dyes  stain  the  nuclei,  while,  on  the  other  hand,  th$ 
acid  anilin  dyes  stain  the  protoplasm  diffusely.  The  latter  are  seldom 
employed  alone,  but  are  nearly  always  combined  with  a nuclear  stain. 

1.  Eosin  (Fischer). — 

Eosin 10 

Water 1000 

Staining. — This  solution  may  be  diluted  from  three  to  five  times 
with  water. 

1.  Place  the  section  in  the  diluted  stain  for  from  three  to  five  minutes; 
in  some  instances  one  minute  will  suffice. 

2.  Wash  in  water  for  a few  minutes. 

3.  Dehydrate  the  sections  in  95-per-cent,  strength  alcohol. 

If  the  section  should  have  been  overstained  it  may  be  left  in  70-per- 
cent. strength  alcohol  until  the  excess  of  the  eosin  has  been  extracted. 

One-per-cent,  strength  eosin  in  90-per-cent,  strength  alcohol  may  also 
be  employed.  Stain  the  same  as  above  with  the  exception  that  the  speci- 
men is  transferred  from  the  stain  directly  to  alcohol. 

2.  Picric  Acid  may  be  used  as  a counterstain  in  a concentrated  aqueous 
or  alcoholic  solution.  In  certain  instances  it  may  be  still  further  diluted 
before  using.  Should  the  tissue  be  overstained,  the  excess  can  be  removed 
by  washing  in  water  or  alcohol.  If  picric  acid  is  used  as  a countersign 
with  hematoxylin  or  with  hemalaun,  the  tissue  must  be  slightly  over- 
stained, as  picric  acid  will  extract  them. 

3.  Orange  G,  in  a dilute  aqueous  solution  (1-per-cent.),  st?  ins  the 
protoplasm  light  orange. 

4.  Acid  Fuchsin  (Fuchsin  S.,  Rubin  S.)  is  used  as  a concentrated  aque- 
ous solution,  or  it  is  dissolved  in  anilin-water.  It  readily  overstains,  and 
this  fault  cannot  be  remedied. 

DOUBLE  STAINS 

The  following  combinations  of  nuclear  and  protoplasmic  stains  pro- 
duce good  results : — 

Hemalaun  or  hematoxylin  and  eos’n,  Carmin  and  orange  G. 

Hemalaun  or  hematoxylin  and  oi^ng^  G.  Carmin  and  picric  acid. 

Hemalaun  or  hematoxylin  and  pi.  nc  acid.  Safranin  and  picric  acid. 

Hemalaun-eosin  is  a durable  stain  and  the  best  for  all  practical  pur- 
poses. 

Staining. — 1.  Stein  in  hemalaun  for  from  five  to  ten  minutes  (see 
hemalaun). 

2.  Wash  in  wale:  for  from  ten  to  thirty  minutes. 

3.  Stain  in  ,i  diluted  1-per-cent,  strength  aqueous  solution  of  eosin 
or  in  an  alcoh  )lic  solution  for  from  one  to  five  minutes.  (The  alcoholic 
solution  is  composed  of:  eosin,  0.1;  alcohol,  90-per-cent,  strength,  100.0.) 
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4.  Wash  in  water  for  a few  minutes. 

5.  Alcohol,  95  per  cent.  Should  the  specimen  be  overstained  in  eosin, 
it  may  be  placed  in  70-  to  80-per-cent,  strength  alcohol  until  sufficient  eosin 
has  been  extracted  to  give  the  section  a rose-red  tint. 

6.  Carbol-xylol. 

7.  Balsam  and  cover-glass. 

Van  Gieson’s  Stain  is  a beautiful  tricolor  stain,  but  unfortunately  it  is 
not  always  permanent. 

1.  Overstain  section  in  hematoxylin  for  from  fifteen  to  thirty  minutes. 

2.  Wash  thoroughly  in  water. 

3.  Stain  for  from  one  to  three  minutes  in  a concentrated  aqueous  solu- 
tion of  picric  acid,  to  which  sufficient  aqueous  concentrated  solution  of  acid 
fuchsin  has  been  added  to  give  a deep-red  color. 

4.  Wash  in  water  for  one-half  minute. 

5.  Alcohol,  with  a trace  of  picric  acid. 

6.  Carbol-xylol.  Balsam. 

The  above  is  an  admirable  stain  for  the  optic  nerve.  With  this  stain 
colloid  bodies  assume  an  orange-red  tint,  while  hyalin  bodies  are  bright  red. 

Weigert’s  Stain  for  Medullary  Nerve-sheaths. — Specim^i  3 Lhat  have 
been  fixed  in  Muller’s  fluid,  Erlitzki’s  fluid,  or  5-per-cent,  strength  potas- 
sium-bichromate solution  are  not  washed,  but  are  rapidl>  hardened  in  alco- 
hol, imbedded  in  celloidin,  and  sectioned. 

The  sections  are  placed  in: — 


Saturated  solution  of  neutral  copper  a:etat^ 50.0 

Distilled  water 50.0 


for  from  twelve  to  twenty-four  hours. 

They  are  then  transferred  to  a solution  composed  of: — 


(a)  Hematoxylin . . 1.0 

Absolute  alcohol  10.0 

(b)  Lithia  carbonate  ...  1.0 

Distilled  water 100.0 


where  they  remain  for  from  twenty  minutes  to  twenty-four  hours.  It  is 
preferable  to  keep  the  solutions  a and  & separate  or  mix  the  quantity  one 
wishes  to  use  in  the  proper  proportions  immediately  before  staining. 

When  the  sections  are  black  they  are  washed  and  differentiated  in: — 


Be  rax  2.0 

Terricyanid  of  potassium 2.5 

Distilled  water 100.0 


The  latter  solution  may  be  diluted  with  water  to  one-half  its  strength, 
eo  that  the  process  of  differentiation  may  be  better  controlled.  If  the  stain- 
ing is  successful,  the  nerve-sheaths  will  appear  dark  blue,  the  degenerated 
areas,  as  well  as  the  remaining  tissue,  light  brown.  Blood  and  fibrin  often 
take  a dark-blue  tint. 
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Method  of  Marchi. — 1.  Fix  in  Muller's  fluid  for  at  least  eight  days. 

2.  Transfer  to  a freshly  prepared  mixture  of  equal  parts  of  Muller's 
fluid  and  osmic  acid  for  from  six  to  twelve  days. 

3.  Wash  in  flowing  water  for  twenty-four  hours. 

4.  Harden  in  alcohol ; celloidin.  Section  with  the  microtome. 

5.  Stain  the  sections  in  lithia-carmin  for  contrast. 

Degenerated  areas  appear  black,  everything  else  light  yellow. 

Other  methods  are  those  of  Paland  Kulschitsky.  For  their  execution 
the  reader  is  referred  to  the  special  works  of  Greeff  or  Seligmann. 

DEHYDRATION  OF  THE  SECTIONS. 

Paraffin  sections  are  placed  in  60-per-cent,  strength  alcohol  for  a few 
minutes,  then  in  90-per-cent,  strength  alcohol,  and  finally  in  absolute 
alcohol. 

Celloidin  sections  are  dehydrated  in  95-per-cent,  strength  alcohol, 
since  absolute  alcohol  dissolves  the  celloidin.  If  the  celloidin  has  stained 
as  intensely  as  the  tissue, — for  instance,  after  staining  with  anilin  dyes, — 
it  may  occasionally  be  necessary  to  remove  the  celloidin.  This  is  accom- 
plished as  follows : The  section  is  treated  with  absolute  alcohol  for  about 
five  minutes  and  then  is  placed  in  a mixture  of  absolute  alcohol  and  ether 
(equal  parts)  for  from  ten  to  fifteen  minutes.  Oil  of  cloves  will  also  dis- 
solve the  celloidin,  but  it  must  be  removed  again  by  pure  xylol. 

CLEARING  OF  THE  SECTIONS. 

Paraffin  sections  that  have  been  thoroughly  dehydrated  with  *.bs3lute 
alcohol  are  then  treated  with  xylol,  in  which  they  will  clear  in  a few 
minutes. 

Celloidin  sections  that  have  been  dehydrated  onb  i.\  95-per-cent, 
strength  alcohol  are  preferably  placed  in  carbol-xylol  for  clearing.  Carbol- 
xylol  is  an  excellent  clearing  agent,  and  is  prepared  as  fallows : — 

Pure  xylol 45.0 

Crystallized  carbolic  acid 15.0 

In  place  of  xylol  or  carbol-xylol,  orisra  mm-oil,  oil  of  bergamot,  oil  of 
cedar,  or  oil  of  lavender  may  be  emplo)  ed.  uil  of  cloves  is  rarely  used  for 
the  purpose  of  clearing  celloidin  sections,  as  it  dissolves  the  celloidin  and 
extracts  most  of  the  anilin  dyes. 

MOUNTING  T.:E  SECTIONS  ON  SLIDES. 

After  a celloidin  section  has  been  cleared  it  is  spread  smoothly  on  the 
slide.  When  all  wrinkles  have  been  brushed  out  with  the  teasing  needle, 
the  clearing  medium  is  blotted  off  by  firmly  pressing  the  section  to  the 
glass  with  several  a^er*  of  fine  filter-paper.  Now  put  1 drop  of  Canada 
balsam  on  the  paction  and  place  the  cover-glass  on  it. 

For  paraffin  sections  the  process  is  the  same,  with  the  exception  that 
the  section  is  fixed  to  the  slide  and  the  process  is  carried  out  on  the  slide. 
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Sections  that  are  not  to  be  brought  in  contact  with  alcohol  after  they 
have  been  stained  are  mounted  permanently  in  glycerin.  The  section  is 
placed  on  the  slide,  the  water  is  blotted  with  filter-paper,  and  then  1 drop 
of  glycerin  is  put  on  the  section,  when  the  cover-glass  is  gently  placed  on  it. 

In  order  to  keep  such  a preparation  permanently  the  edges  of  the 
cover-glass  must  be  fastened  to  the  slide  by  rimming  the  cover-glass  with 
cement.  Superfluous  glycerin  about  the  edges  of  the  glass  must  be  re- 
moved with  cotton  moistened  with  alcohol.  The  cover-glass  may  be 
fastened  to  the  slide  by  painting  the  edges  with  melted  paraffin  over 
which  a coat  of  asphalt  varnish  is  then  applied.  Kroenig's  cement  may  be 
also  used. 

DEMONSTRATION  OF  DEFINITE  SUBSTANCES  AND  TISSUE- 

ELEMENTS. 

Nuclear  and  Protoplasmic  Structures.-^(A)  Nuclear  Structures. 
— (a)  Flemming's  solution,  (b)  Sublimate  or  formalin  fixation  should  be 
used.  This  method  is  applicable  for  demonstrating  the  structure  of  the 
nucleus. 

Fix  in  Flemming's  solution  and  imbed  in  paraffin. 

1.  Stain  in  safranin  (page  781). 

2.  Stain  in  a 2-per-cent,  strength  gentian-violet  solution.  Differenti- 
ate as  with  the  safranin. 

3.  Gram’s  Method  (see  page  7 91). — Anilin-wai°r  and  gentian-violet 
(from  three  to  five  minutes).  Treat  with  a s^utioi.  of  iodin,  1.0;  potas- 
sium iodid,  2.0;  water,  300.0,  for  from  one  ti  tw>  minutes. 

4.  Decolor  in  absolute  alcohol. 

5.  Stain  in  carbol-f uchsin : — 

Five-per-cent,  strength  aqueo’1*  caroolic-acid  solution..  100.0 


Fuchsin 1.0 

Alcohol  . . 10.0 


Stain  in  this  solution  foi  rne-half  hour,  then  rinse  in  90-per-cent, 
strength  alcohol. 

6.  Wash  in  hydrochloric  acid-alcohol  (see  page  781)  or  1-per-cent, 
strength  picric-acid  s^lu+ion  for  from  one-half  to  two  hours. 

7.  Wash  in  absolute  alcohol  until  only  slight  stains  are  imparted  to 
the  alcohol. 

Clear  in  vyl ol.  Balsam. 

Karyumkotic  figures  are  intensely  red;  nuclei  at  rest  have  a pale- 
red  tint. 

(iD  Protoplasmic  Structures. — Altmann  recommends  the  follow- 
ing method  for  the  demonstration  of  the  granules  in  the  cell : — 

1.  Fixing  in  a solution  of : — 

Five-per-cent,  strength  potassium  bichromate, 

Two-per-cent,  strength  osmic  acid of  each,  equal  parts. 

2.  Wash  in  water  and  harden  in  alcohol  of  increasing  concentration. 


MICROSCOPIC  EXAMINATION  OF  THE  EYE. 


833 


3.  Imbed  in  paraffin.  Cut  sections  three  to  five  micromillimetres. 
Mount  and  remove  paraffin. 

4.  Stain  in  a solution  of 


Anilin-water  100.0 

Acid  fuchsin  20.0 


Warm  until  the  solution  begins  to  steam. 

5.  Allow  to  cool  and  remove  the  surplus  of  the  stain  with  a mix- 


ture of : — 

Concentrated  alcoholic  solution  of  picric  acid 1.0 

Water  2.0 


Renew  the  picric-acid  mixture  and  keep  the  same  at  a temperature  of 
42°  C.  for  from  thirty  to  sixty  hours. 

Wash  in  absolute  alcohol,  xylol,  and  balsam. 

The  red  granules  are  easily  recognized  in  the  pale-yellow  cell-body. 


Elastic  Fibres. — Method  of  Weigert. — 

One-per-cent,  strength  aqueous  solution  of  fuchsin  rubin..  100.0 
Two-per-cent,  strength  aqueous  solution  of  resorcin 100.0 


are  mixed  in  a porcelain  dish  and  brought  to  the  boiling-point.  To  this 
solution  are  added  25  cubic  centimetres  of  liquor  sesquichlorati  (Ph.  G.)  and 
the  mixture  is  boiled  for  two  or  three  hours.  A precipitate  is  formed.  The 
solution  is  allowed  to  cool  and  is  then  filtered ; the  filtrate  is  rejected.  The 
precipitate  on  the  filter-paper  is  now  boiled  in  200  cubic  centimetres  : f C)J  - 
per-cent,  strength  alcohol ; the  solution  is  again  allowed  to  cool,  an'  i finally 
is  made  up  with  alcohol  to  200  cubic  centimetres;  4 cubic  ceatinei^es  of 
hydrochloric  acid  are  added,  whereupon  the  stain  is  ready  for  use.  This 
stain  may  be  purchased  of  Dr.  Griibler,  in  Leipsic. 

Liquor  ferri  sesquichlorati  is  made  as  follows:  1 paid  of  iron  is  dis- 
solved in  4 parts  of  hydrochloric  acid,  and  then  there  ara  added,  for  every 
100  parts  of  iron  dissolved,  260  parts  of  hydrochloric  mid  and  135  parts  of 
nitric  acid. 

Staining. — 1.  Stain  the  section  in  carmm 

2.  Differentiate  in  hydrochloric  acid-alcohol. 

3.  Wash  in  alcohol. 

4.  Now  stain  the  sections  in  Wngert’s  elastic-fibre  stain  for  from 
twenty  minutes  to  one  hour. 

5.  Dehydrate  in  absolute  alcohol. 

6.  Clear  in  pure  xylrn.  balsam. 

By  staining  the  nuclei  with  carmin  first,  and  then  staining  the  proto- 
plasm with  orange  G later,  the  effect  of  the  stain  will  be  heightened.  The 
elastic  fibres  appear  laik  blue  or  almost  black.  Another  stain  for  elastic 
fibres  is  that  of  Unua-Taenzer. 

Fat  and  Fatly  Degeneration. — Fat  is  stained  intensely  black  by  osmic 
acid.  Flemming's  solution  may  be  used  for  fixation.  In  preparations  that 
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have  been  hardened  in  formol,  the  degenerative  processes  may  be  demon- 
strated as  follows: — 

1.  Transfer  the  specimen  from  formol  into  Flemming’s  solution. 

2.  Place  the  sections  in  5/io"Per"cenh  strength  chromic  acid  for  three 
hours,  then  for  twenty-four  hours  in  1 -per-cent,  strength  chromic  acid. 

3.  Stain  in  hematoxylin  solution  and  wash  in  a saturated  solution  of 
picric  acid.  The  cell-granules  are  blue,  while  the  remainder  is  stained 
green  (Busch). 

The  fat-granules  within  the  cells  have  the  following  properties : — 

1.  They  do  not  disappear  when  acetic  acid  is  added. 

2.  They  are  resistant  to  the  treatment  with  1-  to  3-per-cent,  strength 
solutions  of  potassium  and  sodium  hydrate. 

3.  They  are  blackened  by  the  addition  of  a 1 -per-cent,  strength  osmic 

acid. 

4.  The  smallest  droplets  are  stained  intensely  violet  by  iodin-violet. 

5.  They  are  soluble  in  chloroform  and  ether. 

Fibrin.  Fibrin  stains  with  the  acid  anilin  dyes:  picric  acid,  eos.n,  and 
acid  fuchsin.  Weigert  has  devised  a special  stain  for  fibrin. 

Cholesterin. — Cholesterin  crystals  are  generally  found  masses  of 
fatty  detritus . They  are  frequently  found  in  the  degenerp^e.'  \itreous,  in 
subchorioidal  and  subretinal  exudations,  and  in  the  inferior  chamber. 
Cholesterin  is  soluble  in  alcohol  and  ether  ; hence  the  c i*ybtals  are  not  visible 
in  sections  that  have  been  obtained  from  specimens  hardened  in  paraffin  or 
in  celloidin.  They  leave  characteristic  clefts  or  gm?  if  they  were  present. 
When  treated  with  Lugol’s  solution  (iodin,  1.0;  potassium  iodid,  1.0; 
water,  100.0),  the  crystals  become  dark  brorn.  By  adding  a few  drops  of  a 
30-  to  40-per-cent,  strength  sulphuric  acid  they  will  become  gradually  blue- 
red,  blue-green,  and  finally  blue. 

Calcareous  Degeneration. — Calcareous  deposits  occur  in  cells  as  well  as 
in  the  ground-substance.  The  lime  deposited  in  the  tissues  in  the  form  of 
granules  or  clumps  appears  white  and  glittering  when  seen  by  reflected 
light;  when  examined  by  transmitted  light,  it  appears  dark.  By  the  addi- 
tion of  hydrochloric  acid  'permitted  to  flow  in  from  the  edge  of  the  cover- 
glass),  the  calcium  carbonate  is  dissolved,  with  the  liberation  of  carbon- 
dioxid  gas,  while  the  calcium  phosphate  is  dissolved  without.  By  adding 
sulphuric  acid  gyp*um  crystals  are  formed.  Lime  takes  a characteristic 
blue  stain  with  * lum  hematoxylin;  sometimes  it  is  reddish  blue. 

By  Le1  itert  s method  the  slightest  traces  of  lime  can  be  demonstrated  as 
follow*. - 

1.  Staining  sections  not  imbedded  in  paraffin  in  concentrated  alcoholic 
solution  of  hematein  (for  fifteen  minutes). 

2.  Wrash  in  flowing  water  for  fifteen  minutes. 

3.  Stain  further  in  a 1-per-cent,  strength  solution  of  safranin  (for 
from  five  to  eight  hours). 

4.  Binse  in  water. 
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5.  Differentiate  and  dehydrate  in  alcohol,  oil,  and  balsam. 

The  lime  is  stained  deep  steel-blue  and  the  nuclei  intensely  red.  The 
sections  are  not  permanent. 

Mucoid  Degeneration. — There  are  some  cells  in  the  normal  conjunctiva 
which  contain  mucin.  In  inflammatory  processes  of  this  membrane,  and  on 
the  surface  of  papillomata,  we  find  them  in  great  numbers.  If  the  speci- 
men has  been  stained  with  carmin,  the  mucin  in  the  cell-body  will  remain 
unstained  and  the  goblet-cells  appear  as  light  spaces  in  the  epithelium. 
The  nucleus  at  the  bottom  of  the  cell  only  is  stained  red.  The  mucin  also 
is  not  stained  by  dilute  solutions  of  hematoxylin,  but  it  stains  diffusely  blue 
with  the  concentrated  solutions  of  hematoxylin;  so  that  the  nuclei  are 
difficult  to  discern. 

Acid  fuchsin  stains  the  mucin  intensely  red,  safranin  stains  the  mucin 
orange-red,  and  methylene  blue  stains  the  mucin  blue.  The  following  is  a 
very  good  method : — 

1.  Fix  in  a concentrated  aqueous  solution  of  corrosive  sublimate  for 
from  two  to  eight  hours. 

2.  Rapidly  harden  and  dehydrate  in  absolute  alcohol. 

3.  Imbed  in  celloidin  or,  preferably,  in  paraffin. 

4.  Place  in  a concentrated  aqueous  solution  of  corrosive  sublimate  for 
half  a minute  the  sections  from  which  the  paraffin  has  been  removed. 

5.  Rinse  in  alcohol. 

6.  Stain  in  a dilute  solution  of  thionin  (2  drops  of  a saturated  solii' 
tion  of  thionin  to  5 cubic  centimetres  of  water). 

7.  Rinse  in  alcohol,  90-per-cent,  strength. 

8.  Rapidly  dehydrate  in  absolute  alcohol. 

9.  Clear  the  section  in  a mixture  of  oil  of  cloves,  1 part,  rind  oil  of 
thyme,  5 parts. 

10.  Oil  of  cedar.  Balsam. 

Other  and  more  permanent  stains  are  mucica/min  and  the  muci- 
hematein  of  P.  Meyer. 

Hyalin  and  Colloid  Degeneration. — Hyalin  °xid  colloid  substances  are 
characterized  by  their  high  refractive  power  rLhey  are  comparatively  in- 
soluble albuminous  substances  which  ocjur  wjy  frequently  in  the  various 
structures  of  the  eye.  They  are  found  p biologically  in  advanced  age  and 
also  in  chronic  inflammatory  processes  For  fixation  formol-Miiller  fluid 
or  alcohol  may  be  used.  The  substances  stain  well  with  the  acid  anilin  dyes 
(eosin,  acid  fuchsin,  and  picric  cnid).  With  the  Van  Gieson  stain  these 
bodies  are  colored  a brilliant,  ^ed.  Bismarck  brown  gives  them  a light- 
brown  tint.  As  a nucleac  sl-aln  hematoxylin  may  be  used. 

Amyloid  Degeneration. — Amyloid  is  very  resistant  to  alkalies,  acids, 
etc.  Formol,  sublimate  alcohol,  and  Muller’s  fluid  may  be  used  to  fix. 
Hematoxylin,  eosin,  or  the  Van  Gieson-Ernst  stains  are  good.  With  the 
former  the  an.vhid  substance  stains  pink;  with  the  latter,  pink  to  red- 
brown.  Be.vld'js  these  there  are  several  specific  stains,  viz.: — 
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1.  Iodin  Beaction. — The  sections  are  placed  for  from  three  to  ten 
minutes  in  LugoFs  solution  diluted  with  3 parts  of  water.  The  sections  are 
then  washed  and  examined  in  glycerin.  The  degenerated  areas  are  stained 
brownish  red,  while  the  unaffected  tissue  is  yellow.  The  brownish-red  color 
is  rendered  still  more  brilliant  if  25  per  cent,  of  glycerin  is  added  to  the  solu- 
tion. This  stain  is  not  permanent. 

2.  Iodin  and  Sulphuric-Acid  Beaction. — If  a section  has  been 
treated  as  mentioned  above,  and  is  then  placed  in  a 1-per-cent,  strength  solu- 
tion of  sulphuric  acid,  the  brown  color  will  become  more  saturated,  or  be- 
come violet,  blue,  or  greenish.  Sometimes  some  of  these  colors  can  be  seen 
with  the  iodin  treatment  only. 

3.  Methyl-violet  and  Gentian-violet  Beactions. — This  reaction 
is  not  absolutely  reliable,  as  mucus  may  be  also  stained  with  this  method. 
The  procedure  is  as  follows: — 

1.  Stain  for  from  one-half  to  fifteen  minutes  in  a 2-per-cent,  strength 
solution  of  methyl-violet  or  in  a gentian-violet  solution. 

2.  Wash  in  a 2-per-cent,  strength  solution  of  acetic  acid  or  in  a 1-per- 
cent. strength’  solution  of  hydrochloric  acid  for  from  two  to  thrc  i minutes. 

3.  Binse  thoroughly  in  water. 

4.  Imbed  in  glycerin,  in  a concentrated  solution  of  potassium  acetate, 
or  in  levulose.  The  cover-glass  should  be  rimmed  if  the  section  is  to  be 
permanent. 

The  amyloid  areas  become  purple-red;  the  remainder  of  the  tissue 
takes  a blue  tint. 

4.  Thionin  Stain. — 1.  Stain  in  a col  cent  *ated  aqueous  solution  of 
thionin  for  five  minutes. 

2.  Wash  in  distilled  water. 

3.  Dry  on  the  slide  with  blottiner-pa^er. 

4.  Dehydrate  and  clear  with  anilin  oil-xylol  (2  to  1). 

5.  Pure  xylol.  Canada  bah  an.  Amyloid  stains  bright  blue  or  lilac; 
the  unaffected  areas  stain  bluish  or  violet. 

Corpora  Amylacea. — This  is  a local  condition  which  manifests  itself  in 
foci  of  degeneration  auuloid  concretions,  having  a spheric  outline,  and 
are  fifteen  to  twenty- five  micromillimetres  in  diameter.  They  are  found  in 
the  prostate,  the  brain,  the  optic  nerve,  the  chiasma,  and  the  optic  tract. 
Sometimes  thev  ar*  found  as  far  back  as  the  corpora  geniculata  externa  and 
the  optic  tha  an  i.  The  amyloid  concretions  are  most  frequently  found  in 
ascending  atiophy  after  phthisis  bulbi.  They  usually  give  the  amyloid 
reactions  with  iodin  and  acids.  When  treated  with  LugoFs  solution,  they 
appeal  brown  or  violet;  the  surrounding  tissue  is  yellow.  When  stained 
with  LugoFs  solution  and  treated  with  an  acid,  they  become  violet.  When 
ti.  esc  concretions  are  found  in  old  corneal  scars,  the  specimen  has  been  fixed 
m Muller’s  fluid,  and  the  section  is  stained  with  hemalum  hematoxylin- 
alum-carmin,  they  appear  yellow.  In  the  optic  nerve  they  stain  blue  with 
hematoxylin  and  hemalaun,  and  red  with  alum-carmin. 
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Glycogen. — The  demonstration  of  glycogen  is  of  little  value  to  the 
ophthalmologist.  The  method  of  Langhans  will  be  mentioned  here,  which 
is  also  of  value  in  staining  amyloid,  and  is  as  follows : — 

1.  Stain  in  Lugol’s  solution  (for  from  five  to  fifteen  minutes). 

2.  Dehydrate  in  a solution  composed  of  tincture  of  iodin,  1.0;  abso- 
lute alcohol,  4.0. 

3.  Clear  and  preserve  the  specimen  in  origanum-oil  by  rimming  the 
cover. 

THE  DEMONSTRATION  OF  FOREIGN  SUBSTANCES  IN  THE  EYE. 

Iron. — If  particles  of  iron  remain  in  the  eye  for  long  periods  of  time 
they  lead  to  changes  known  as  siderosis  bulbi.  Von  Hippel  distinguishes 
two  kinds  of  siderosis,  viz. : xenogenous  siderosis,  due  to  the  presence  of  a 
foreign  body  which  is  of  iron  or  of  steel;  and  hematogenous  siderosis, 
following  hemorrhages  and  due  to  the  iron  (hemosiderin)  which  is  usually 
present  in  the  blood. 

The  two  following  methods  are  of  service  for  the  demonstration  of  iron 
in  the  eye.  As  a matter  of  course,  no  iron  or  steel  teasing  needles  can  be 
used  in  staining  with  these  methods. 

Perl's  Reaction. — The  eyeball  should  have  been  hardened  in  formol 
or  alcohol.  Von  Hippel  claims  the  reaction  may  be  obtained  with  specimens 
which  have  lain  for  years  in  Muller's  fluid,  although  it  appears  more  slowly 

1.  Place  the  sections  in  a 2-per-cent,  strength  aqueous  solution  of 
ferrocyanid  of  potassium  for  a few  minutes. 

2.  Then  place  them  in  a 5/10-  to  1-per-cent,  strength  soluticn  o*  hydro- 
chloric acid. 

3.  Wash  the  sections  in  water. 

4.  Clear  the  specimen  and  mount  in  balsam. 

If  a nuclear  stain  is  also  desired,  the  following  f twining  method  may 
be  employed : — 

1.  Stain  the  sections  in  lithia-carmin  for  from  one;  to  two  hours. 

2.  Wash  in  water. 

3.  Stain  in  a 2-per-cent,  strength  solution  of  ferrocyanid  of  potassium 
for  from  four  to  six  hours. 

4.  Allow  the  section  to  remain  in  a 1-per-cent,  strength  solution  of 
hydrochloric  acid  for  from  six  to  twelve  hours. 

5.  Rapidly  wash  in  water. 

6.  Dehydrate  in  alcohol  Origanum-oil.  Balsam. 

The  pigment  contain  mg  :ron  stains  intensely  blue. 

Quincke's  Reaction. — 1.  Place  the  sections  in  a freshly  prepared 
solution  of  ammonium  ^ulphid  for  from  ten  to  twenty  minutes— until  they 
have  acquired  c daik  green  color. 

2.  Rinse  in  water. 

3.  Alcohol 

4.  Oil.  Balsam. 
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Should  a nuclear  stain  be  desired,  the  sections  may  be  stained  with 
alum  carmin  before  or  after  placing  the  sections  in  ammonium  sulphid. 
The  iron  appears  in  the  form  of  dark-green  granules. 

Copper. — To  demonstrate  the  presence  of  copper  treat  the  sections  with 
ferrocyanid  of  potassium  as  in  PerFs  reaction.  Then  place  the  section  in 
a 1-per-cent,  strength  solution  of  acetic  acid.  Tissues  containing  copper 
will  become  brown-red,  owing  to  the  precipitation  of  ferrocyanid  of  copper. 

STAINING  FOR  BACTERIA  IN  SECTIONS. 

The  sections  should  be  as  thin  as  possible  in  order  to  obtain  satis- 
factory results.  If  Miiller^s  fluid  was  employed  for  fixation,  the  sections 
should  be  placed  in  a 5-per-cent,  strength  solution  of  oxalic  acid  for  several 
hours,  when  a satisfactory  bacterial  stain  may  be  occasionally  accomplished. 
But,  in  all  instances  where  bacteria  are  to  be  stained  in  sections,  other 
fixing  agents,  such  as  absolute  alcohol,  formol,  etc.,  should  be  used. 

(A)  Methylene  Blue. — 1.  Stain  in  Loffler's  alkaline  methyle.ie-blue 
for  ten  minutes  (concentrated  alcoholic  methylene-blue  sohiiion,  30.0; 
potassium-hydrate  solution  [1  to  10,000],  100.0). 

2.  Wash  in  water. 

3.  Differentiate  in  Wper-cent.  strength  acetic  acid  for  from  one  to 
three  seconds. 

4.  Wash  in  water. 

5.  Ninety-five-per-cent,  strength  alcohol,  \hcolute  alcohol. 

6.  Xylol.  Balsam. 

(B)  Gram-Weigert  Method. — 1.  Sta:^  with  carmin,  preferably  lithia- 
carmin. 

2.  Wash  in  water. 

3.  Spread  the  section  smootlJv  An  the  slide,  on  which  it  is  to  be  firmly 
pressed  with  filter-paper. 

4.  Stain  for  three  mmolo®  in  the  following,  a freshly  prepared  solu- 
tion: V2  cubic  centimetio  it  anilin-oil  is  emulsified  with  5 cubic  centi- 
metres of  water  by  tnoro^ghly  shaking  in  a test-tube;  the  mixture  is  then 
filtered  through  a fi^°  niter-paper  previously  moistened  with  water.  To 
10  parts  of  the  t hc^e  solution  1 part  of  a filtered  saturated  alcoholic  solu- 
tion of  gentian- violet  is  added. 

5.  Treat  with  LugoFs  solution  (iodin,  1.0;  potassium  iodid,  2.0; 
water,  100.0)  for  two  minutes. 

6.  Dry  thoroughly  with  filter-paper. 

7.  Differentiate  with  anilin-xylol  (2  to  1)  until  it  is  no  longer  tinged. 

8.  Remove  the  anilin-oil  thoroughly  with  xylol. 

9.  Xylol.  Balsam. 


CHAPTER  XXVIII. 

THE  LEGAL  RELATIONS  OF  OPHTHALMOLOGY.1 

By  THOMAS  HALL  SHASTID,  A.M.,  M.D.,  LL.B.,  Marion,  Illinois, 

Professor  of  Medical  History  in  the  American  Medical  College  of  St.  Louis  (Medical 
Department  of  National  University  of  Arts  and  Sciences). 

Certain  forensic  matters  possess  an  especial  interest  for  the  ophthal- 
mologist. Among  such  matters  are : — 

I.  Ophthalmic  expert  testimony. 

II.  Ophthalmic  malpractice. 

III.  Ophthalmo-sanitary  legislation. 

Of  each  of  these  matters  in  its  turn : — 

I.  OPHTHALMIC  EXPERT  TESTIMONY. 

It  is  plain  that,  in  treating  of  this  subdivision  of  our  chapter,  we  shall 
have  to  consider  separately  the  legal  and  the  medical  aspects  of  ophthalmic 
expert  testimony.  First,  then,  as  to 

A.  The  Legal  Relations,  or  Aspects,  of  Ophthalmic  Expert  Testimony. 

The  Nature  of  Ophthalmic  Expert  Testimony. — Witnesses  ar°  ait  ler 

ordinary  or  expert.  The  former  testify  to  facts,  the  latter  tc  opinions 
which  are  based  on  facts — facts,  that  is,  either  actual  or  assimad.  On 
the  jury  falls,  as  a rule,  the  duty  of  drawing  conclusions,  forming 
opinions  on  the  facts  concerning  which  ordinary  witnesses  have  testified, 
but,  in  matters  lying  “outside  the  ordinary  range  of  inquiry,”  the  expert 
witness  must  he  summoned,  in  order  that  his  special  knowledge  and  experi- 
ence— his  opinions,  in  a word — may  be  of  assistant  e to  the  jury.  An  ex- 
pert witness,  it  is  plain,  may  be  a carpenter,  i miner,  a railroad  man,  or  a 
chemist,  a lawyer  or  a dealer  in  silks;  in  \°i j many  cases  he  must  be  a 
druggist,  a dentist,  or  a doctor.  If  a doctor,  he  may  be  a general  practi- 
tioner or  a specialist.  The  same  witness,  it  is  obvious,  may,  as  to  part  of 
his  testimony,  be  only  an  ordinar;  witness,  while,  as  to  another  part,  he  is 
an  expert.  Thus,  an  oculist  may  have  beheld  an  accident  whereby  the 
plaintiffs  eye  was  injured,  as  to  facts  connected  with  the  accident, 
give  ordinary  testimony,  while,  as  to  the  question  whether  the  damage  to 
the  plaintiffs  vision  resulting  from  the  accident  is  or  is  not  of  a total,  or  is 
or  is  not  of  a permanent,  character,  his  testimony  belongs  to  the  expert 
variety. 

1 The  presto"  chapter  is  an  epitome  (with  some  new  matter)  of  a contribution  by  Dr. 
Shastid  to  Wood’s  “System  of  Ophthalmic  Operations”  entitled  “The  Forensic  Relations  of 
Ophthalmic  Paigery.” — J.  M.  B. 
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Attendance  in  Court,  How  Secured. — Experts  may  be  obliged  to  testify 
either  in  civil  or  in  criminal  cases.  For  either  purpose,  his  attendance  in 
court  is  brought  about  by  the  service  of  a writ  called  subpoena,  ad  testifican- 
dum. The  officer  serves  the  original  and  leaves  a copy  or  else  a ticket  con- 
taining the  original  in  substance.  In  civil  cases,  payment  (or  at  least 
tender)  must  be  made  for  mileage  and  for  one  day’s  attendance.  In 
criminal  cases,  the  witness  pays  his  own  expenses,  and  is  afterward  reim- 
bursed by  the  court. 

Competency.  Immediately  after  the  swearing  of  the  expert  witness, 
arises  the  question  of  his  competency.  Who,  then,  is  an  ophthalmic  expert 
witness?  When,  in  other  words,  is  a witness  competent  to  give  expert 
ophthalmic  testimony  ? This  question  we  answer,  first  negatively,  then 
positively.  Negatively : In  the  first  place,  it  is  by  no  means  necessary, 
even  in  a case  of  injury  to  an  eye,  that  the  expert  witness  should  be  an 
oculist  or  even  a specialist  with  any  sort  or  kind  of  limitation  whatever 
on  his  practice — as  eye  and  ear  only,  or  only  eye,  ear,  nose,  and  throat. 
Nor  is  it  necessary  that  he  ever  have  made  a special  study  of  the  eye. 
Nor  is  it  at  all  essential  that  he  be  a graduate  of  any  particular  school 
of  medical  practice.  Nor,  further,  that  he  be  a graduate  at  all,  or  even 
a licensee  on  the  ground  of  years  of  practice.  Nor  that  he  bo  in  the  active 
practice  of  his  profession,  or  that  he  ever  have  practi  *ed  at  any  time. 
None  of  these  matters  go  at  all  to  the  question  of  the  ao  nissibility  of  the 
evidence.  Such  things  ( i.e .,  qualifications,  greater  or  less)  can,  indeed, 
be  shown  on  examination,  either  direct  or  cro'^-,  but  such  matters  simply 
affect  the  weight  that  the  jury  may  see  fit  to  attach  to  the  testimony  that 
is  rendered:  they  do  not  bar  the  testimony  Positively:  It  is  absolutely 
necessary  that  the  expert  witness  have  s >mc  Kind  or  sort  of  knowledge  or 
skill  relating  to  the  matter  in  question.  Thus,  a nurse  may  testify  as  to 
whether  a certain  person  was  opera!  -d  on  for  cataract  in  the  institution 
where  she  was,  at  the  time,  employed.  A Catholic  priest  has  been  per- 
mitted to  testify  as  an  expert  n the  matter  of  mental  soundness  or  un- 
soundness.1 


Examination,  Dir-cc  Cross-. — As  soon  as  the  expert’s  competence 
(such  as  it  may  be)  lias  been  established,  then  follow  first  the  direct  and 
then  the  indirect,  or  cross-,  examination.  The  former  term  signifies  the 
“examination  bv  tbe  counsel  for  the  party  in  whose  behalf  he  [the  witness] 
was  called.”  bn  undergoing  direct  examination,  the  witness  may  either 
(a)  tell  his  rtory  in  narrative  form,  or  (b)  respond  to  various  (and  gen- 
erally  numerous)  questions.  An  important  rule  is  that  the  question  must 


In  Wisconsin  a statute  has  been  passed  the  purpose  of  which  is  to  bar,  so  far  as  pos- 
s.bit,  he  employment  of  inexpert  experts.  In  this  State  “no  person  practising  physic  or 
■ur^ry  or  both,  shall  have  the  right  ...  to  testify  in  a professional  capacity  as  a 
Pi. Rician  or  surgeon  in  any  case  unless  he.  before  the  twentieth  day  of  April,  1897,  received 
a diploma  from  some  incorporated  medical  society  or  college,  or  shall  since  said  date  have 
received  a license  from  the  State  board  of  medical  examiners.”  Wisconsin  Statutes,  1898,  vol. 
sec.  1436. 
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not  be  “leading,”  i.e framed  in  such  a manner  as  to  suggest  to  the  witness 
the  answer  which  the  interrogating  attorney  desires  to  have  him  make. 

The  cross-examination  is  made  by  the  opposing  counsel,  and  its  object 
is  to  weaken  or  overthrow  the  testimony  given  either  by  the  same,  or  by 
some  other,  witness  on  the  direct  examination.  Leading  questions  are  per- 
mitted on  the  cross-examination. 

All  the  testimony,  whether  given  upon  the  direct  examination  or  upon 
the  cross-examination,  must  be  relevant  and  competent.  “Relevant” 
means  “of  sufficient  probative  value  to  be  admissible  at  all”;1  “competent” 
means  legally  fit,  regardless  of  the  question  of  relevancy.  “Hearsay” 
testimony  is,  as  a rule,  barred,  even  though  relevant,  because  it  is  not 
legally  fit — i.e,,  competent. 

Privileged  Communications. — Our  legal  system  has  been  inherited  from 
old  England,  and,  under  the  old  English  Common  Law  (i.e.,  judge-made 
law),  certain  matters  were  considered  as  inviolably  sacred,  and  therefore 
not  proper  matter  for  disclosure  even  in  courts  of  law.  Such  matters 
were  called  “privileged  communications.”  Such  privileged  matters  were, 
for  the  most  part : state  secrets,  deliberations  in  the  jury  room,  communi- 
cations between  counsel  and  client,  and  communications  of  a confidential 
nature  between  husband  and  wife.  Communications,  however,  made  to 
clergymen  and  doctors,  no  matter  how  sacred  in  fact,  were  not  held  to  be 
sacred,  or  “privileged,”  in  law.  The  old  English  Common  Law  is  commcu 
law  in  the  United  States  today,  excepting  in  so  far  as  it  has  been  expressly 
changed.  Happily,  in  most  of  the  States  in  this  country,  statutes  have 
been  enacted  which,  with  certain  appropriate  limitations,  protect  the  physi- 
cian from  disclosing  on  the  witness  stand,  without  the  patient's  consent, 
“any  communication  made  to  him  by  his  patient  with  refe rence  to  any 
physical  or  supposed  physical  disease,  or  any  knowledge  obtained  by  a per- 
sonal examination  of  any  such  patient.”2 

Matters  Concerning  which  a Medical  Expert  M^v  Testify.— The  medi- 
cal expert  witness  may  testify  to  anything  within  the  entire  broad  domain 
of  medicine,  provided  it  be  not  barred  by  ltga1  x ales  of  evidence,  such  as 
those  concerning  competency  and  relevancy.  ivfost  commonly  in  question, 
however,  in  courts  of  law,  are  the  following  medical  topics:  Whether  a 
given  person  is  insane;  the  cause  of  a certain  death;  whether  a certain 
disease  is  curable  without  operation  ; what  might  have  been  the  cause  of  a 
given  injury ; what  a reasonable  bill  would  be  for  certain  medical  or  surgical 
services;  whether  a certain  aflection  is  or  is  not  painful;  the  degree  of 
reduction  in  earning  pew  n "produced  by  a given  disease ; the  probability  of 
this  reduction  (or  of  some  disfigurement)  being  permanent  or  temporary. 

The  Expert’s  Fc*s, — We  have  already  stated  that,  in  civil  cases,  the 
mileage  and  per  di°w  mast  be  paid,  or  at  least  tendered,  to  render  the  service 

1 Greenleaf-  ">n  Evidence,  16th  ed.,  1899,  p.  36. 

2 The  la:  igur  ge  of  the  statute  varies,  to  be  sure,  in  the  different  States.  The  matter 
above  quoted  is  Irom  the  Kansas  statute. 
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of  the  subpena  effective,  while,  in  criminal  cases,  not  even  so  much  as  that 
is  necessary.  This  is  true  of  all  witnesses — mere  fact  witnesses  and  expert, 
or  opinion,  witnesses  alike.  However,  in  the  case  of  expert  witnesses  the 
question  arises  whether  the  same  slender  payment  that  is  made  in  the  case 
of  a fact  witness  should  be  held  to  be  sufficient  in  the  case  of  him-  who  ren- 
ders scientific  testimony — testimony  involving,  presumably,  the  possession 
of  learning  and  skill.  Ought,  or  ought  not,  an  opinion  witness,  an  expert, 
to  be  obliged  by  law  to  hold  his  store  of  knowledge  free  for  the  use  of  all 
who  take  it  into  their  heads  to  litigate  ? The  ablest  authors  answer  this 
question  in  the  negative.  They  say  that  the  expert’s  learning  and  skill 
are  his  property,  and  that  the  law  has  no  more  right  to  compel  him  to 
render  expert  testimony  without  adequate  compensation  than  it  has  to 
compel  him  to  render  without  adequate  compensation  professional  services 
of  any  other  sort.  However,  the  writers  and  the  courts  are  not  in  harmony 
on  this  point.  The  courts  indeed  hold,  with  very  unusual  unanimity,  that 
the  expert,  medical  or  lay,  may  be  compelled  to  testify  in  his  expert 
capacity  without  other  compensation  than  that  of  an  ordinary  witness. 
However,  in  a few  States  provision  has  been  made  by  statute  for  th»:  pay- 
ment of  special  fees  to  experts. 


B.  The  Medical  Aspects  of  Ophthalmic  Expert  1 v stimony. 

The  Commonest  Injuries  with  which  the  Ophthalmu-surgical  Expert  has 
to  Beal. — For  a discussion  of  injuries  to  the  eye,  tl  e reader  is  referred  to 
another  portion  of  this  work.  However,  it  . s wc  11  to  mention  here  certain 
matters  which,  in  courts  of  law,  take  on  a different  emphasis  and  impor- 
tance from  those  attaching  to  the  same  ai^alrs  in  the  hospital  or  the  office. 
And,  first  of  all,  it  is  highly  necessary,  in  courts  of  law,  to  be  able  to 
differentiate  between  contused  w'u.’id  j of  the  eyebrow  and  incised  wounds 
of  the  same  part.  Such  a distinction  would,  at  first  thought,  seem  suffi- 
ciently easy  in  almost  eveiy  instance;  yet,  as  a matter  of  practice,  this  is 
not  at  all  the  case,  for  contused  wounds  of  soft  parts  which  are  underlaid 
by  prominent  bony  ridge  ^ have  a way  of  looking  almost  precisely  as  if  they 
had  been  occasionea  by  in  instrument  possessed  of  a cutting  edge.  Thus, 
I have  seen  a case  where  a man  had  had  his  eyebrow  split  by  a blow  of  a 
fist  almost  as  cleanly  as  if  the  injury  had  been  produced  by  a knife;  yet  I 
myself  had  s°ei.  the  blow  delivered,  and  was  certain  that  nothing  but  the 
naked  fist  had  been  employed. 

Tht  distinction  between  the  apparently  incised,  but  really  contused, 
wound  of  an  eyebrow,  and  an  incised  wound  of  the  same  part,  is  made  by 
four  indications:  First,  the  wound  which  is  really  contused  is  more  likely 
to  possess  an  areola  of  ecchymosis.  Second,  under  a lens,  the  walls  of  a 
contused  wround  are  seen  to  be  not  actually  smooth,  but  more  or  less  ragged. 
Third,  while  an  incised  wound  shows  all  the  tissues  divided  just  as  deeply 
down  as  the  wound  reaches,  a contused  wound  simulating  an  incised  wound 
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shows  some  of  the  more  resisting  tissues,  or  fibres,  undivided,  while  others, 
deeper  down  in  the  wound,  are  severed.  Fourth,  the  really  contused, 
though  apparently  incised,  wound  is  generally  more  extensive  (longer)  at 
the  bottom  than  at  the  surface,  while  the  really  incised  wound  is  apt  to 
possess  a so-called  “tail”  both  at  the  beginning  and  the  end— in  other 
words,  to  he  of  greater  extent  in  the  skin  than  in  the  deeper  tissues.  This 
distinction  is  due  to  the  fact  that,  in  the  really  incised  wound,  the  inflict- 
ing instrument  cuts  from  without  inward,  whereas,  in  the  case  of  a wound 
of  the  contused  variety,  the  incising  instrument— the  bone— cuts  from 
within  outward. 

This  distinction  is  often  important,  as,  on  the  expert’s  ability  to  make 
it,  not  infrequently,  at  the  preliminary  trial,  hinges  the  question  whether  a 
defendant  is  to  be  held  for  assault  with  intent  to  kill,  or  only  charged  with 
simple  assault  and  battery.  Later,  the  distinction  and  the  expert’s  ability 
to  make  it  may  mean  to  the  accused  the  difference  between  the  pemten- 

tiary  and  freedom.  b 

Again,  certain  natural  anomalies  of  the  iris  are  liable  to  he  mistaken 

for  the  results  of  trauma.  These  are : 

Heterophthalmos,  or  difference  in  the  coloring  of  the  indes  of  the 
two  eyes.  I have  known  such  a condition  to  give  rise  to  a mistaken 
diagnosis  of  traumatic  iritis. 

Corectopia,  or  ectopia  pupillce,  or  malposition  of  the  pupil. 

Polycoria,  or  more  than  one  pupil  in  the  same  eye. 

Persistent  pupillary  membrane,  or  fetal  remains  which  preset.'  them- 
selves ordinarily  as  fine  grayish  or  brownish  threads  stretch  from  ins 
to  lens,  or  spanning  the  pupillary  gap  completely.  Such  thread*  ae  now 
and  then  mistaken  for  posterior  synechise,  but  can  easily  be  Distinguished 
from  such  pathological  products  by  the  fact  that,  unlike  posterior  synechiae, 
they  do  not  spring  from  the  pupillary  margin,  bu*  from  a point  a little 
farther  out  than  that,  from  some  point,  in  fact,  oU  the  circulus  indis 
minor  on  the  anterior  surface  of  the  iris.  Posterior  synechiae  spring  either 
from  the  margin  of  the  iris  or  from  its  posterior  surface.  Another  point 
of  distinction  is  that  under  atropin  these  threads,  or  bands,  prove  to  be 
very  elastic;  the  pupil,  in  spite  of  such  threads,  dilating  quite  smoothly 

and  round.  . , 

Other  matters  to  which  an  to  pedal  importance  attaches  in  the  court 

room  come  beneath  the  head  of  “False  Attribution  of  Injuries”— a topic 

which  is  treated  in  this  chapter  infra. 

Simulation  and  Other  Forms  of  False  Pretense.— Simulation  means  the 
feigning  of  an  injury  or  disease  which  does  not  exist;  false  attribution, 
the  assignment  to  an.  existent  disease  or  injury  of  an  untrue  cause;  ex- 
aggeration, the  or  dense  that  an  existent  disease  or  injury  is  of  greater 
extent  or  severity  than  is  really  the  case.  Of  a nature  somewhat  the  re- 
verse of  these  is  dissimulation,  or  the  shamming  of  health  where  disease 
or  injury  exists. 
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Tests  for  Simulation . 

(a)  For  Simulation  of  Concentric  Contraction  of  the  Visual  Field  and 
Scotomata.  Accurate  perimetry  on  different  days  will  expose  the  simu- 
lator completely,  as  he  cannot  possibly  give  the  same  answer  on  different 
days.  In  case  of  hysteria,  however,  the  defects  of  the  visual  field  do  really 
vary  from  day  to  day,  and,  sometimes,  from  minute  to  minute. 

(b)  For  Simulation  of  Ivopiopia.  As  this  condition  does  sometimes 
exist  without  refractive  error  or  other  objective  cause,  the  only  possible 
way  of  exposing  the  imposture  may  he  by  actual  detective  work.  Thus,  in 
a certain  case,  the  simulator  was,  for  a good  wage,  induced  to  copy  fine 
print  for  many  hours  each  day — although  she  had  positively  declared  a 
total  inability  to  read  because  of  extreme  ocular  sensitiveness. 

(c)  Tests  for  the  Simulation  of  Bilateral  Amblyopia  and  Amaurosis. 
If  the  allegation  be  that  the  blindness,  or  the  bluntness  of  vision,  be 
bilateral,  we  are  forced  to  depend,  very  largely,  on  the  presence  or  absence 
of  the  pupillary  light-reaction.  A good  pupillary  light-reaction  meant,  al- 
most invariably,  that  neither  amaurosis  nor  amblyopia  exists.  77e  should, 
however,  remember  that,  in  actual  amaurosis,  if  the  lesion  is  hi  ^h  up  in  the 
optic  tract,  the  pupillary  light-reflex  remains  unimpaired.  On  the  other 
hand,  immobility  of  the  pupils  results,  sometimes,  from  po.’teAor  synechise. 
The  use  of  atropin  will  show  whether,  in  a given  ca«e,  tl  e immobility  is, 
or  is  not,  due  to  synechiae.  Simulators  now  and  then  dilate  their  pupils 
artificially  by  means  of  atropin  or  cocain,  because,  in  amaurosis,  the  pupils 
are,  as  a rule,  not  only  immobile,  but  more  or  less  dilated.  The  artificial 
mydriasis  is,  however,  nearly  always  of  a very  much  higher  degree  than  that 
produced  by  amaurosis. 

Schmidt-Bimpler’s  test  for  the  simulation  of  bilateral  amaurosis  is 
simple  and  often  successful.  The  patient  is  merely  directed  to  look  at  his 
own  hand.  Anyone,  however  blind,  t an,  of  course,  do  this  easily,  but  a 
malingerer  will  often  look  elsewhither  than  at  the  hand.  “Making  a face” 
suddenly  will  sometimes  throw  a malingerer  off  his  guard,  the  changed 
expression  of  his  countenance  showing  plainly  that  the  grimace  made  by 
the  examiner  has  been  seen.  The  staring,  fixed,  unmeaning  look  of  eyes 
that  are  truly  blino  should  never  be  forgotten,  nor  the  short,  mincing 
steps,  the  upwa-d  turning  of  the  face,1' and  the  generally  “listening”  ex- 
pression of  blind  folk  are  also  of  great  importance  and  not  easily  assumed, 
or  at  least,  if  assumed,  are  not  easily  continued. 

S^mMatioh  of  bilateral  amblyopia  may  sometimes  be  exposed  by  means 
of  repealed  tests  made  with  test-cards.  The  different  cards,  for  such  a 
purpose,  should  end  with  lines  of  different-sized  type,  so  that,  in  case  the 
b'm  -i  la  cor  seeks,  at  any  time,  to  fall  short  in  his  reading  by  just  the  same 

1 V e are  talking,  of  course,  only  of  people  who  are  amaurotic  in  the  narrower  sense  of 
the  term.  Those  who  are  blind  from  such  diseases  as  trachoma,  turn  their  faces  down, 
generally,  on  account  of  the  pain  produced  by  the  light. 
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number  of  lines  from  the  card-foot  as  that  by  which  he  fell  short  on  some 
prior  occasion,  he  will  have  been  entrapped. 

(d)  Tests  for  the  Simulation  of  Unilateral  Amaurosis  and  Amblyopia. 

The  Method  of  Cuignet. — Direct  the  claimant  to  read,  at  the  same 
time  to  hold  quite  still  both  his  head  and  the  reading-matter.  Insert  a 
pencil  vertically  between  the  eyes  and  the  book.  If  the  patient  continues 
to  read  uninterruptedly,  he  is  undoubtedly  seeing  with  both  eyes,  because, 
did  he  not  see  with  one  eye  such  letters  as  were  quite  invisible  to  the  other 
(on  account  of  the  pencil  intervening  between  that  other  eye  and  those 
letters),  he  could  not  read  them.  This  test  is  by  no  means  infallible,  being 
absolutely  worthless,  indeed,  in  the  ease  of  all  malingerers  who  have  been 
thoroughly  coached  about  it.  ■ Such  malingerers  can  easily  refuse  to  read 
all  such  words,  or  portions  of  words,  as  are  overlaid  by  that  particular 
“ghost-pencil”  (there  are,  of  course,  two  of  these)  which  stands  on  the 
same  (right  or  left)  side  as  the  eye  which  is  alleged  to  be  sightless.  Further, 
the  examiner  must,  in  any  case,  be  absolutely  certain  that  both  the 
claimant’s  head  and  the  reading  matter  are  kept  absolutely  unmoved. 
Otherwise,  a claimant  may  seem  to  be  malingering  when,  in  fact  (by  moving 
his  head  or  the  book  a trifle),  he  is  really  doing  his  best  to  read  across  the 
page  continuously. 

The  Method  of  Alfred  von  Graefe.— Have  the  claimant  hold  the  pro- 
fessedly bad  eye  closed.  Then  set  before  the  sound  eye  a prism  in  such  a 
position  that  the  thick  edge  thereof  extends  horizontally  across  the  pupil. 
The  claimant,  of  course,  sees  double — a fact  he  will  readily  admit,  because, 
so  far,  the  professedly  unseeing  eye  has  not  been  called  in  questic  m Then 
let  the  claimant  uncover  the  “unseeing”  eye  at  the  same  time  that  the 
examiner  slightly  moves  the  prism  in  such  a way  that  the  muna  eye  cannot 
now  possibly  see  double.  If  the'  patient  still  sees  double,  he  is  seeing  with 
the  eye  which  he  before  declared  to  be  blind.  The  pUsm  employed  in  this 
test  must,  of  course,  be  strong  enough  (say  10°)  to  insure  that  double 
vision  will  necessarily  result  after  the  second  eye  lias  been  uncovered- 
assuming,  of  course,  that  the  second  eye  is  nos.’^sed  of  sight. 

This  test  has  an  especial  advantage  in  i-h.it,  unknown  to  the  claimant, 
the  visual  acuity  of  each  eye  can  be  a icurately  determined.  This  is  accom- 
plished by  having  the  claimant  read  amud  first  one,  then  the  other,  of  the 
two  images. 

This  test  is  also  carried  o it  'n  a simpler  form.  The  examinee  is  per- 
mitted to  look  with  both  eyes.  The  physician  places  a 10°  prism,  base  up 
or  down,  before  the  sound  eye,  and,  if  the  claimant  admits  to  seeing  double, 
he  is  seeing  with  the  alleged  blind  eye,  as  well  as  with  the  sound  one.  The 
difficulty  is,  however,  with  this  simplified  form  of  the  test,  that  the  claim- 
ant, because  his  . lleged  blind  eye  is  manifestly  under  examination,  will  not 
invariably  confess  to  seeing  double.  He  is  much  more  likely  to  do  so  with 
the  test  ir.  (he  regular  form. 


846 


MODERN  OPHTHALMOLOGY. 


The  Crossed  Diplopia  Test. — This  also  is  a test  carried  out  by  means 
of  a 10°  prism.  Place  the  prism,  base  out,  before  the  alleged  blind  eye. 
If  that  eye  sees,  it  will  make  an,  excursion  inward,  involuntarily,  for  the 
sake  of  single  vision.  Of  course,  if  it  does  not  see,  it  will  not  perform 
this  movement. 

Method  of  Jackson. — Place  before  the  eye  supposed  to  be  blind  a + 

4 D.  S.  lens  and  before  the  sound  eye  a + 2 D.  S.  The  punctum  remotum 
of  the  first  eye  will  now  be  25  centimetres;  of  the  other,  50  centi- 
metres. Hand  the  claimant  a card  of  fine  type,  and  ask  him  to  read.  If 
he  selects  as  his  reading  distance  25  centimetres,  instead  of  50,  he  is 
malingering. 

Method  of  Snellen. — This  method  requires  the  possession  of  test- 
types  alternately  red  and  green  upon  a black  ground,  and  a pair  of  spectacles 
in  which  one  glass  is  green,  the  other  red.  Through  the  red  glass  only  the 
red  letters,  not  the  green,  are  visible;  and  correspondingly,  through  the 
green  glass,  only  the  green  letters,  and  not  the  red  ones,  can  be  discerned. 
If  the  claimant  reads  all  the  letters  indiscriminately,  he  is  reading  with 
both  eyes. 

Tests  for  False  Attribution. 

In  order  to  determine  whether  or  no  a given  injury  cmli  have  been 
produced  by  the  cause  alleged,  it  is  always  highly  important  to  consider 
not  merely  some,  but  all,  of  the  points  which  that  n iurv  presents  for  ex- 
amination, and,  further,  to  consider  these  in  relation  wo  the  cause  assigned. 
We  cannot  here  take  up  the  different  varieties  of  ocular  injury  with  refer- 
ence to  their  possible  etiology,  but  only  certain  points  of  certain  injuries 
which,  in  courts  of  law,  take  on  a wholly  different  emphasis  from  that 
which,  as  a rule,  they  assume  in  the  oculist's  office. 

The  distinction  between  the  apparently  incised,  but  really  contused, 
wounds  of  the  eyebrow,  and  really  ‘ucised  wounds  of  the  same  part,  we 
have  considered  in  detail  already  in  another  division  of  this  chapter. 
Suffice  it  to  insist  once  more  ojl  ine  importance  of  making  this  distinction. 

It  is  always  well  remember  that  an  incised  wound  of  an  eyelid 
occasionally  assumes  t le  a ipearance  of  a lacerated  wound.  That  happens 
in  this  manner.  The  knife,  before  it  cuts,  stretches  out  the  very  exten-  , 
sible  skin  before  it  ard  then  parts  the  tissues.  When  the  skin  goes  back, 
the  shape  of  the  voand  is  that  of  a V,  or  a Z,  as  if  a hook  or  similar  object 
had  caught  in  the  skin  of  the  lid  and  then  torn  out  in  two  or  more 
direction^ 

W minds  of  the  eyelid  are  now  and  then  produced  intentionally  by 
the  owner  of  the  lids  himself,  his  object  being  to  attribute  the  injury  to  an 
accident  or  an  assault.  Such  wounds  are  always  superficial,  unless  the 
infiicter  of  the  wound  should  happen  to  injure  himself  more  seriously  than 
he  had  intended.  The  wound,  during  healing,  is  often  kept  wide  open,  in 
order  to  produce  a large  and  showy  cicatrix.  Self-inflicted  injuries  of  the 
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eyelids  are  almost  always  resorted  to  for  the  purpose  of  giving  objective 
evidence  to  a claim  of  traumatic  amblyopia  or  amaurosis.  In  all  such 
cases,  of  course,  the  tests  above  given  for  simulated  amblyopia  and  amau- 
rosis will  assist  in  detecting  the  fraud. 

Ecchymosis  is  a very  important  matter  in  connection  with  the  legal 
relations  of  ocular  injuries.  An  ecchymosis  of  the  eyelid  is  at  first  violet, 
blue-black,  or  livid  red;  in  a day  or  two,  green,  then  yellow,  then  lemon- 
yellow,  finally  whitish  yellow  and  normal.  About  the  body  generally,  the 
darkest  portion  of  an  ecchymosis,  at  any  given  time,  corresponds  pretty 
closely  to  “the  point  of  greatest  violence.”  In  the  upper  eyelid,  however, 
the  darkest  portion  of  the  discoloration  is  always,  after  the  lapse  of  a few 
hours,  at  the  lower  lid-margin — a phenomenon  due  to  the  fact  that  the 
extravasated  blood  settles  down  through  the  loose  interspaces  of  the  palpe- 
bral areolar  tissue  till  it  reaches  the  lower  border  of  the  lid.  In  ecchy- 
mosis of  the  upper  lid,  it  is  also  to  he  observed  that  the  color-changes 
invariably  commence  at  the  upper  margin  of  the  discolored  area  and  are 
always  most  advanced  at  the  superior  border  of  what  remains  of  the 
ecchymosis.  It  is,  of  course,  impossible  to  determine  the  precise  age  of  an 
ecchymosis  from  its  color;  yet,  in  many  instances,  the  hue  of  the  part 
affords  irrefragable  evidence  of  a fraudulent  claim. 

To  distinguish  the  so-called  “burns”  produced  by  escharotics  from 
burns  produced  by  heated  substances— a distinction  sometimes  necessary, 
and,  when  necessary,  of  very  great  importance — the  following  points  arc 
useful : — 

(a)  If  the  injury  he  recent,  a chemical  test  can  he  made,  and  che 
presence  of  sulphuric,  hydrochloric,  or  nitric  acid  or  other  eschirotic  liquid 
on  the  skin  can  easily  be  determined.  If  any  of  the  escha  -otic  have  been 
spilled  upon  the  clothing,  or  other  surrounding  objects,  the  chemical  test 
is  still  more  applicable. 

(b ) Scorching  of  hairs  in  the  neighborhood  of  the  mjury  points  to  a 
heated  substance  of  some  sort  as  the  almost  certain  origin  thereof,  for 
escharotics  do  not  affect  the  hairs  of  the  nearby  parts. 

(c)  Blisters,  which  are  almost  always  present  after  injuries  produced 
by  heated  bodies,  are  never  produced  by  the  action  of  escharotics. 

(d ) After  the  action  of  an  escharotic  there  is  never  capillary  conges- 
tion (erythema)  of  the  skin  surrounding  the  injured  area.  This  phe- 
nomenon occurs  invariably  afte*  Lurns  by  heated  substances,  if  of  more 
than  the  first  or  second  degree  unless  the  injuries  are  followed  so  promptly 
by  the  death  of  the  injured  person  that  this  symptom  of  reaction  does  not 
have  time  to  appear. 

(e ) Burns  by  heated  solids  can  generally  be  distinguished  from  burns 
by  heated  liquids, : s veil  as  from  the  results  of  escharotics,  whether  liquid 
or  solid,  by  the  fact  that  the  eschar  which  is  produced  by  an  escharotic, 
or  by  a heated  liquid,  is  soft  and  moist  and  yellowish,  instead  of  hard  and 
dry  and  da  ’k,  as  after  an  injury  produced  by  a heated  solid. 
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Tests  for  Exaggeration. 

Note  the  nature  and  situation  of  the  various  lesions,  or  other  abnor- 
malities, with  the  very  greatest  care.  The  different  tests  for  simulation 
(laid  down  supra)  are  also  useful  in  cases  of  suspected  exaggeration.  Of 
especial  importance  among  these  tests  is  that  of  Alfred  Graefe,  because 
thereby  the  examiner  may,  unknown  to  the  subject  of  the  test,  determine 
accurately  the  visual  acuity  of  each  eye. 

Tests  for  Dissimulation. 

We  should,  of  course,  look  out  for  every  possible  indication  of  abnor- 
mality. Our  chief  solicitude,  however,  should  be,  when  testing  the  eyes 
of  those  who  may  be  dissimulators,  not  to  rest  content  with  a mere  de- 
termination of  the  central  visual  acuity.  Thus,  a person’s  central  vision 
may  very  well  be  in  each  eye  20/15,  or  above  normal,  and  yet  his  periph- 
eral vision  be  very  poor  indeed.  Again,  with  excellent  central  sight,  he 
may  be  harboring  a foreign  body  in  the  vitreous,  or  be  suffering  from 
chorioido-retinitis,  peripheral  lenticular  opacity,  or  excentric  ulcer  of  the  cor- 
nea. Further,  he  may  be  afflicted  with  mydriasis,  with  or  without  paralysis 
of  the  accommodation,  or,  if  tabetic,  with  Argyll  Bobertson  pupils.1 

Visual  Economics. — An  expert  witness  is  often  required  to  furnish  to 
the  jury  certain  facts  and  principles  in  accordance  vith  vhich  that  body 
may  be  able  to  determine  the  amount  of  damages  which  ought  to  be 
awarded,  or,  as  the  law  expresses  the  matter,  to  assess  the  damages.” 
Now,  in  assessing  damages  in  a personal  injury  cast,  a jury  may  allow  for 
matters  such  as:  (1)  necessary  and  reasonable  expenses — hospital  fees,  for 
example,  and  nurses’  and  doctors’  bills;  (2)  loss  of  time;  (3)  pain  and 
suffering;  (4)  disfigurement;  (5)  reduction  of  the  earning  capacity.  This 
latter  is  often,  perhaps  generallv,  tua  most  important  item  in  the  list. 
The  science  which  deals  with  its  ^st  ..nation  is  entitled  “Visual  Economics.” 
We  cannot  here  enter  into  complete  discussion  of  this  highly  interesting, 
if  also  very  technical,  sc^u^e,  but  have  merely  space  in  which  to  direct 
attention  to  a few  very  simple  and  yet  extremely  important  matters.2 

1.  Loss  of  vision  is  r ot  necessarily  loss  of  earning  power;  much  depends 
upon  the  nature  of  the  occupation.  Generally  speaking,  an  acuity  of  1/20 
is  the  extreme  downward  limit  of  useful  acuity  in  any  occupation,  and 
20/30  the  extreme  upward  requirement. 

1 Finally,  be  may  be  afflicted  with  an  excellent  memory,  in  support  of  which  paradox  I 
cite  the  'a:^  of  a gentleman  who,  a number  of  years  ago,  desired  that  I permit  him  to  copy 
the  foui  smallest  lines,  together  with  the  largest,  of  each  of  my  Snellen  cards.  He  intended, 
he  -aid,  “to  take  an  examination  for  a railroad,”  and,  being  “short”  four  lines,  or  there- 
abouts, to  commit  the  top  line  and  the  bottom  four  to  memory.  Thus  fortified,  he  could 
rt\d  he  bottom  four  lines  of  any  card,  out  of  his  memory,  whenever  he  saw  the  top  ones. 
~ne  company-doctor  and  I,  he  said,  had  identical  cards. 

2 The  classical  work  on  the  subject  is  “Visual  Economics,”  by  Magnus  and  Wiirdemann, 
Seattle,  Wash.,  1902.  So  exhaustive  and  so  accurate,  in  fact,  is  this  little  work  of  115  pages 
that  but  little  remains  for  subsequent  writers  on  the  topic  of  “Visual  Economics’*  to  do  but 
to  amplify  or  to  abridge  that  epoch-making  work. 
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2.  The  maximum  and  the  minimum  limits  do  not  have  to  exist  in  both 
eyes.  If  one  eye  possesses  a minimum,  the  other  may  possess  less  (even, 
in  fact,  as  little  as  absolute  zero)  and  still  the  acuity  of  the  eyes  as  a 
visual  whole  be  up  to  the  minimum  requirement.  Likewise,  if  one  of  the 
eyes  possesses  a maximum  acuity,  the  other  may  possess  less  (even,  in  fact, 
as  little  as  absolute  zero)  and  still  the  acuity  of  the  eyes  as  a visual  whole 
be  up  to  the  maximum  requirement. 

3.  Total  loss  of  vision  in  one  eye  may  or  may  not  occasion  a reduction 
in  the  earning  capacity;  everything  depends  on  the  nature  of  the  occupa- 
tion. In  this  connection  it  should  be  remembered  that  the  inability  to 
estimate  distances  and  the  size  of  objects,  which  occurs  immediately  after 
the  loss  of  one  eye,  endures  but  a very  short  time— certainly  in  adults  not 
more  than  six  or  eight  months  and  in  children  two  or  three  weeks. 

4.  Impairments  of  the  visual  field  (concentric  contractions  or  any 
other  variety  of  scotomata)  do  not,  as  a rule,  impair  the  earning  power,  if 
limited  to  one  eye.  A professional  player  of  baseball  would,  of  course, 
constitute  an  exception;  for,  as  anyone  may  see,  his  ocular  fields  would 
have  to  be  absolutely  normal  to  the  extreme  limit  on  both  sides.  Magnus 
and  Wiirdemann,  following  Schroeter,  divide  the  binocular  field  into  three 
zones  of  30°  each.  The  first  zone  reaches  from  the  outermost  periphery 
to  60°  ; the  second,  from  60  to  30° ; the  third,  from  30°  to  the  fixation- 
point.  These  three  zones  are  not  of  equal  value  in  certain  respects,  yet,  az 
what  zone  3,  for  instance,  lacks  in  functional  ability  it  makes  up  for  by  its 
greater  extent,  these  three  zones  of  the  field  are  accorded  equal  value.  By 
this  conception,  then,  the  entire  binocular  field  of  vision  (exclusive,  of 
course,  of  absolutely  central  vision)  consists  of  three  factors  of  equ  d /alue. 
Thus  a loss  of  one  eye  entails  a loss  of  % the  binocular  fielo  (no  more  than 
that,  because  of  the  overlapping  of  the  single  fields  in  the  Linocular  field) 
and  a homonymous  hemianopsia  entails  a loss  of  % — 

5.  What  is  the  economic  loss  arising  from  the  impairment  of  one  or 
more  of  the  ocular  muscles?  This  is  a rather  complicated  question.  We 
shall  have  to  consider  separately  the  intrinsic  and  che  extrinsic  muscles. 

First,  as  to  the  intrinsic  muscles.  It  is  only  now  and  then  that  in- 
juries of  the  ciliary  muscle  affect  the  ‘arn'ng  power.  By  the  use  of  con- 
vex lenses,  the  impairment  can,  in  the  vast  majority  of  occupations,  be 
compensated.1 

As  to  impairment  of  one  or  rrmre  of  the  various  extrinsic  muscles,  we 
must  say  that  the  economic  less  (in  a person  possessed  of  binocular  vision) 
arising  from  the  impairment  of  one  single  muscle  only  is  very  great  indeed, 
because,  diplopia  appearing  in  consequence  of  the  injury,  one  eye  must 
necessarily  be  exclude^  from  the  visual  act,  in  order  that  useful  vision  may 
be  exercised  at  all.  The  loss,  therefore,  economically,  is  exactly  the  same 


1 On  this  heal  a*  j Encyclopedic  franQaise  d’ophtalmologie,  Paris,  1910,  vol.  ix,  p.  713. 
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as  that  which  results  from  the  destruction  of  one  eye.  In  case,  however, 
the  subject  was  possessed  before  the  accident  of  monocular  vision  only, 
then  a smaller  degree  of  economic  loss  should  be  imputed  to  the  impair- 
ment of  a muscle  in  the  seeing  eye.  In  fact,  in  such  a case,  the  economic 
loss  is  approximately  %.  However,  the  six  extrinsic  muscles  do  not  all 
possess  exactly  the  same  value,  at  least  under  any  and  all  circumstances. 
Thus,  for  a miner  or  a compositor,  the  rectus  superior  is  especially  im- 
portant; for  a sailor,  the  rectus  externus;  for  a bookkeeper,  a jeweler,  an 
oculist,  etc.,  the  rectus  internus.  For  people  generally,  the  rectus  internus 
possesses  the  most  value. 

6.  In  reckoning  the  loss  of  earning  power  produced  by  an  ocular  in- 
jury, the  ophthalmologist  ought  ever  to  bear  in  mind  that  many  forms  of 
injury  occasion  a diminution  in  this  power  indirectly — i.e.,  by  diminishing 
the  victim's  “ability  to  compete."  Thus,  a one-eyed  man,  who  is  able  to 
do  his  work  as  well  as  before  he  lost  his  eye,  may  find,  nevertheless,  much 
more  difficulty  in  getting  and  in  keeping  a job.  “The  injured  person 
• • • • has  a right  to  claim  not  alone  a compensation  for  the  im- 
pairment of  his  capacity  for  work,  but  also  the  difficulty  which  he  en- 
counters in  making  the  most  of  this  capacity." 

II.  OPHTHALMIC  MALPRACTICE 

Sad  to  say,  the  ophthalmologist  does  not  mv criably  appear  in  the 
court-room  in  his  capacity  of  expert  witness;  he  is  new”  and  then  haled  in  to 
act  the  still  more  disagreeable  role  of  defendant  in  a suit  for  malpractice. 
The  subject  of  ophthalmic  malpractice,  it  is  clear,  must  be  treated,  just  as 
was  done  in  the  case  of  expert  ophthalmic  testimony,  first  in  its  legal, 
second  in  its  medical,  relations  or  asnects. 

A.  The  Legal  Relatii  ns  Ophthalmic  Malpractice. 

In  the  United  States--;*  indeed  in  almost,  but  not  quite,  every 
civilized  country — this  one  basic  proposition  underlies  the  entire  law  of 
malpractice,  namely  that  a physician  is  never  legally  required  to  respond 
to  a call  for  professional  assistance,  if  (a)  he  is  not  a governmental  officer 
and  thereby  under  official  obligations,  or  if  (b)  he  has  not  already  estab- 
lished relations  with  the  case.  This  is  precisely  to  the  contrary  of  the 
popular  impress  on,  but  is  nevertheless  the  law. 

When,  however,  a physician  once  takes  charge  of  a case,  certain  re- 
spon sibil j ties  attach  to  his  work  immediately  and  by  implication.  Ho  ex- 
press agreement  to  be  responsible  for  this  or  that  is  at  all  necessary  in 
erd  ?r  to  render  him  responsible.  On  the  other  hand,  with  one  exception, 
ho  cannot  evade  his  professional  liabilities  by  any  sort  of  contract  what- 
ever, however  express  and  however  explicit.  Contracts  made  in  advance 
of  treatment  or  operation,  with  a patient,  or  with  a patient's  parent  or 
guardian,  that  the  physician  is  not  to  be  sued  for  malpractice  are  univer- 
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sally  held  to  be  “opposed  to  public  policy”  and  therefore  void.*  The  one 
exception  is  where  a physician  declares  to  the  patient  his  inability  to  treat 
the  case  properly  (as,  for  instance,  in  many  instances,  where  a specialist  is 
recommended)  and  yet  the  patient  insists  that  the  physician  proceed  to  do 
the  best  he  can.  In  such  circumstances  the  patient  is  estopped  from  com- 
plaining afterward  that  the  case  has  not  been  treated  properly  provided, 
of  course,  the  physician  has  really  done  the  best  he  could. 

On  the  other  hand,  although,  as  we  have  seen,  the  physician  cannot, 
generally  speaking,  diminish,  either  in  number  or  extent,  the  liabilities 
which  the  law  imposes  on  him,  he  can  very  easily  (and  often  to  his  sorrow) 
very  greatly  enlarge  them.  And  he  can  also  lessen  his  rights,  as  well  as 
increase  his  liabilities.  A very  common  instance  of  lessening  his  rights 
results  from  the  “no  cure  no  pay”  agreement.  In  this  instance,  if  the 
patient  is  not  cured  he  does  not  have  to  pay;  the  physician  has  lost  his 
right  of  action  against  him  for  the  fees.  An  instance  where  the  physician 
voluntarily  enlarges  his  liabilities  results  from  the  “guaranty  to  cure.” 
This  highly  important  arrangement  is  a very  different  affair  from  the  “no 
cure  no  pay”  agreement,  though,  as  a rule,  physicians  confound  the  two 
together.  When  a physician  guarantees  to  cure,  he  must  cure,  or  “pay  the 
difference.”  That  is  a very  different  consequence,  as  will  at  once  be  noted, 
from  merely  losing  one’s  fees.  To  illustrate:  If  a physician  operates  for 
cataract,  and  guarantees  to  restore  to  the  operated  eye  its  vision,  then,  if 
the  sight  be  not  restored,  the  measure  of  the  damages  is  precisely  what  +h? 
sight  of  that  eye  would  have  been  worth.  A jury  may  assess  this  value  at 
thousands  of  dollars.i 2 

Now,  what  are  these  responsibilities  that  attach  to  a phy  dcia  i imme- 
diately upon  his  acceptance  of  a case,  and  by  implication  irrespective  of 
any  express  contract  ? They  are : — 

1.  Properly  to  continue  his  attendance. 

2.  To  possess  a reasonable  degree  of  learning  rud  skill. 

3.  To  use  that  reasonable  degree  of  learning  and  skill. 

4.  In  cases  of  doubt,  to  use  his  best  judgment. 

Of  each  of  these  duties,  we  will  treat  ir  Lht  order  indicated,  and,  later, 
of  certain  miscellaneous  affairs  of  in  por^axice  in  connection  with  mal- 
practice. 

1.  As  to  the  physician’s  duty  properly  to  continue  attendance,  we  may 
say,  briefly,  that  in  no  instance  may  he  discontinue  his  treatment,  unless 
(a)  the  patient  discharges  him,  (b)  the  patient  consents  to  the  discontin- 
uance, (c ) the  physician  gives  timely  notice  so  that  the  patient  may  employ 

i Nor  does  treating  a c ase  gratuitously  at  all  diminish  the  physician’s  liability  for  mal- 
practice. ^ ^ general  .alfc  0f  contract  that,  when  a party  has,  for  a consideration,  agreed  to 
deliver  a certain  . rticle  whether  iron  rails  or  vision— and  has  failed  to  deliver  it,  he  must 
pay  to  the  injure  * ^arty  the  value  of  the  article  in  its  stead.  Returning  the  compensation 
may  in  the  c pz^  .'f  some  contracts,  be  precisely  equivalent  to  payment  of  the  value  of  the 
article,  but  'a’  ii  the  case  of  failure  to  restore  to  a cataractous  eye  its  sight)  it  may  fall 

short  of  sc  diing  by  several  thousand  dollars. 
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another  doctor  in  due  season,  (d)  when  the  patient  is  no  longer  in  need  of 
the  physician's  services. 

2.  The  physician's  second  duty,  when  he  has  once  taken  charge  of  a 
case,  is  to  possess  a reasonable  degree  of  learning  and  skill.  Of  course  a 
physician  is  not  responsible  merely  for  failure  to  cure.  He  is  responsible 
only  for  the  failure  to  possess  (or  to  use)  a reasonable  degree  of  learning 
and  skill.  The  question  unavoidably  arises,  What  constitutes  a reasonable 
degree  of  skill  and  learning?  In  the  United  States,  there  exist  on  this 
important  head  three  very  different  rules: — 

(a)  The  physician  is  bound  to  exercise  that  degree  of  care  and  skill 
which  prevails  in  the  particular  locality  in  which  the  given  case  arises.1  This 
rule  is  not  much  followed. 

(b)  The  physician  is  bound  to  exercise  that  degree  of  care  and  skill 
possessed  by  physicians  in  such  localities  generally .2  In  this  case,  the 
court  said,  speaking  with  regard  to  the  first  of  the  rules  on  this  subject, 
namely,  the  “particular  locality”  rule : “There  might  be  but  few  practicing 
in  the  particular  locality,  all  of  whom  might  be  quacks,  ignorant  p^eienders 
to  knowledge  not  possessed  by  them,  and  it  would  not  do  to  .^ay,  that, 
because  one  possessed  and  exercised  as  much  skill  as  the  others,  he  could 
not  be  chargeable  with  the  want  of  reasonable  skill.”  AccOiding  to  this 
second,  or  “similar  localities,”  rule,  the  physician  practicing  in  a large  city 
is  bound  to  possess  a higher  degree  of  skill  and  kn^edge  than  physicians 
who  practice  in  the  smaller  cities  and  those  in  the  smaller  cities  than 
those  who  practice  in  the  villages  and  the  country.  This  second  rule  is  the 
prevalent  rule,  by  far. 

(c)  Some  of  the  lower  courts  have  attempted  to  establish  a yet  higher 
standard  of  professional  knowledge  and  skill,  a standard  which  has  been 
expressed  in  the  following  language:  “Such  skill  and  diligence  as  are 
ordinarily  exercised  by  thorough1  y odticated  physicians  and  surgeons Ho 
court  of  last  resort,  however,  b.  the  United  States,  has  yet  sustained  this 
rule.3  However,  the  tendency  is,  with  the  continued  improvement  in 
medical  education,  for  the  courts  to  approximate  more  and  more  closely 
to  this  very  high  stmdrrd  of  medical  and  surgical  requirements.4 

1 Hathorn  vs.  Richmond,  48  Vt.  557. 

2 Gramm  vs.  Bc°ncr,  56  Ind.  497. 

3 Unless  we  the  Supreme  Court  of  Pennsylvania  in  McCandless  vs.  McWha  (22  Pa. 

St.  26).  In  this  cat  3 Woodward,  J.,  defined  “reasonable  skill  and  diligence”  to  be  “such  as 
thoroughly  surgeons  ordinarily  employ.”  It  is  a question,  however,  whether  this 

definition  *s  '*ot  merely  obiter— i.e.,  not  necessary  to  the  decision  of  the  case,  and,  therefore, 
not  lav.’  i'r  ’uosequent  cases.  Further,  the  case  is  by  no  means  recent;  its  date  is  1853. 

RxJe  “c”  is  the  rule  enforced  in  Germany.  In  France  and  Italy  an  altogether  different 
rule  fro..''  any  of  the  American  three  is  applied.  In  those  countries  a physician  is  responsible 
nnl.  for  “gross  negligence.”  The  justice  of  this  rule  appears  froni  the  language  of  SJimon- 
\ui^noche,  in  Manuel  Pratique  de  Droit  Medical , Paris,  1908,  p.  186:  “But,  as  soon  as  there 
a ise^  a possibility  of  discussion  as  to  the  value  and  efficacy  of  the  treatment  which  has  been 
employed,  upon  the  propriety  of  an  operation  which  has  been  performed,  as  soon,  in  other 
words,  as  it  becomes  necessary,  in  order  to  determine  whether  or  not  a physician  has  been 
at  fault,  to  trench  upon  questions  exclusively  technical  and  scientific,  when,  in  a word,  the 
fault  does  not  appear  manifestly,  the  courts  recognize  of  themselves  their  incompetence  in 
this  matter.” 
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Now,  all  these  three  rules  (the  second,  as  before  stated,  being  the  pre- 
vailing one)  apply,  without  any  further  modification,  to  general  practition- 
ers only.  A question  of  especial  interest  of  course  arises  here : What  is  the 
standard  of  requirement  in  the  case  of  specialists,  ophthalmologists  for 
instance  ? 

It  is  undoubtedly  a fact  that  a specialist  (and,  in  this  connection,  a 
specialist  is  any  one  who  holds  himself  out,  in  effect,  to  be  such)  is  bound 
to  a higher  degree  of  skill  than  is  a general  practitioner.  The  rule  is  that 
a person  assuming  to  be  a specialist  must  really  possess  and  actually  use 
the  ordinary  learning  and  skill  possessed  and  used  by  others  who  practice 
the  same  specialty  or  specialties  in  similar  localities.  Even  in  the  case  of 
a specialist,  however,  practicing  in  a city  of  the  very  largest  class,  the  de- 
gree of  skill  required  is  by  no  means  such  as  would  enable  him  to  effect  a 
cure  in  every  case  that  comes  before  him.  There  is,  in  other  words,  on  the 
part  of  the  specialist  no  implied  warranty  to  cure  any  more  than  there  is 
in  the  case  of  the  general  practitioner.  A warranty  to  cure  can  arise  only 
from  an  express  contract — a contract  which,  however,  as  everybody  knows, 
even  with  all  its  possible  disastrous  legal  consequences,  certain  physicians 
are  nevertheless  unwise  enough  to  enter  into.  The  law  does  not  attach 
legal  consequences,  either  to  general  practitioner  or  to  specialist,  merely 
for  failure  to  cure.  It  is  to  malpractice— the  failure  either  to  possess,  or  to 
use,  the  proper  degree  of  knowledge  and  skill  (which  varies  according  tc 
locality,  specialism,  etc.) — that  the  law  attaches  such  consequences.  The 
leg  or  the  arm,  or  the  ear  or  the  eye,  must  have  been  improperly  treated  or 
in  some  way  neglected  in  order  to  constitute  malpractice.1 

Now,  the  degree  of  learning  and  skill  which  the  oculist  doe*  reell>  need 
to  possess  and  actually  to  employ  in  order  to  escape  the  lege  1 consequences 
which  the  law  imposes  upon  a specialist  guilty  of  malpractice  is,  as  already 
stated,  such  a degree  as  is  ordinarily  possessed  an^  actually  used  by 
specialists  (not  general  practitioners)  practicing  the  oame  specialty,  or 
specialties,  in  similar  localities. 

Here  is  a still  further  point  in  connection  with  the  question  of  what 
constitutes  a reasonable  degree  of  learning  pud  skill.  The  matter  is  always 
to  be  tested  by  the  doctrines  of  one's  own  school  of  practice.  This  legal 
proposition  is  absolutely  indisputable,  having  been  decided  in  a very  large 
number  of  cases,  with,  so  far  as  I know,  not  a single  dissenting  case.2  The 
principle  is,  in  fact,  not  merely  f,oca  law,  but  also  good  sense.  So  long  as 
the  law  gives  recognition  to  various  so-called  “schools,"  it  must,  as  a 
natural  consequence,  alkw  ihe  treatment  of  any  given  physician  to  be 
tested  by  the  doctrines  of  the  school  he  professes  to  practice.  To  hold  a 
regular  practitioner  culpable  for  ignoring  the  principles  of,  say,  home- 

1 And,  need  we  au*  damage  of  some  sort  must  actually  have  followed  from  such 
unskillfulness  or  ^ejligence  in  order  to  entitle  the  patient  to  recover.  Otherwise,  it  is 
injuria  absque  do*n,  a.  wrong  without  damage,  and  this  is  not  actionable. 

2 This  rut  . h jwever,  has  never  been  adopted,  at  least  so  far  as  I have  been  able  to 
ascertain;  ir.  ; ny  of  the  countries  of  Continental  Europe. 


854 


MODERN  OPHTHALMOLOGY. 


opathy  or  of  eclecticism,  or  an  osteopathic  physician  for  not  proceeding 
according  to  the  principles  of  regular  medicine  or  of  homeopathy,  would  be, 
in  effect,  not  merely  to  violate  the  compact  made  with  the  State  when  the 
physician  was  granted  a license  to  practice,  but  also  to  break  the  contract 
made  by  implication  between  the  patient  and  the  practitioner  when  the 
latter  was  employed  in  the  case.  The  rule,  however,  does  not  apply  to  the 
case  of  a clairvoyant  or  of  any  other  person  who  practices  a system  which 
has  no  recognition  under  the  law  and  nothing  definite  in  the  way  of  rules 
and  principles. 

3.  Now  it  is,  furthermore,  absolutely  necessary  that  a doctor,  whether 
his  field  of  work  be  limited  or  unlimited,  and  whether  his  practice  be 
chiefly  in  the  city,  or  in  a town,  or  in  the  smallest  country  village,  not 
merely  possess,  but  that  he  also  actually  make  use  of,  the  skill  and  learning 
which  the  law  requires  him  to  possess  in  accordance  with  the  rules  above 
stated.  He  must  not  be  negligent,  however  skillful  he  may  be.  He  must 
actually  exercise  his  skill.  Otherwise  he  is  guilty  of  malpractice. 

It  is  not  essential  that  this  division  of  the  general  subject  be  greatly 
amplified,  but  here  it  is  certainly  important  to  lay  some  stress  on  a matter 
which  should  prove  of  interest  to  oculists,  who,  as  a rule,  do  ^aJher  a great 
deal  of  innovating.  I refer  to  the  matter  of  experimentation.  On  this 
head,  the  general  principle  is  quite  clear:  Thou  shaP  not  experiment  on 
mankind.  The  use  of  new  and  untried  remedies,  oj.  n?w  and  untried  opera- 
tive procedures,  are  alike  forbidden,  in  the  case  of  man.  The  view  of  the 
law  is  that  experimentation  should  be  cor  dueled  on  the  lower  animals. 
Just  what  would  happen  to  medical  progress  in  case  our  friends,  the  anti- 
vivisectionists,  should  carry  their  point,  and  experimentation  on  animals 
should  be  forbidden  also,  as  well  as  that  on  man,  is  a trifle  unpleasant  to 
think  about.  Possibly,  in  the  words  of  Micawber,  we  should  “progress  in 
a retrograde  direction/'  However,  the  matter  is  not  so  bad  as  it  looks  in 
the  light  of  the  general  rule.  There  is  one  exception:  The  doctor  may 
innovate  in  the  case  of  unusual  disease  (pellagra,  for  example)  or  of 
new  and  unusual  combi:  lat'ons  of  symptoms  in  old  diseases.  Even  in  such 
cases,  however,  he  must  be  altogether  able  and  ready  to  prove  that  his 
innovations  were  not  haphazard,  but  that  they  were  based  on  things  already 
known  and  that  they  were  carried  out  in  accordance  with  a definite  and 
sensible  theory  of  some  benefit  to  accrue  to  the  subject  of  the  experiment 
himself.1 

Other  matters  coming  under  the  head  of  negligence,  or  failure  actually 
to  me  mid  employ  the  reasonable  skill  and  knowledge  which  the  law  re- 
quires a physician  to  possess,  may  thus  be  stated  briefly:  A physician  is 
liable  for  giving  improper  directions  and  for  failure  to  give  proper  ones. 

1 In  this  connection  the  words  of  Aristotle  with  reference  to  the  ancient  Egyptian  law 
are  interesting:  “Even  in  Egypt  the  physician  was  allowed  to  alter  the  mode  of  cure  which 
the  law  prescribed  to  him,  after  the  fourth  day.  But  if  he  did  so  sooner,  he  acted  at  his  own 
peril.”— Politics,  book  iii,  c.  15. 
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He  is  also  liable  for  failure  to  call  counsel  in  proper  cases.  He  is  just  as 
truly  liable  for  an  improper  opinion  (if  damages  ensue  therefrom)  as  he  is  in 
the  case  of  actual  treatment  given.  He  is  bound  to  use  pure  and  proper  drugs 
and  aseptic  instruments,  and  to  write  correct  prescriptions.  A physician 
is  liable  for  the  malpractice  of  his  partner,  though  he  himself  had  nothing 
to  do  with  the  case.  He  is  also  responsible  for  the  acts  of  a nurse,  if  the 
nurse  was  acting  according  to  his  instructions ; and,  further,  even  in  other 
instances,  if  the  nurse  was  placed  in  charge  of  the  case  by  the  physician  in 
question,  who  thus  by  implication  warranted  her  skill  and  carefulness.  A 
physician  is  not,  however,  liable  for  the  acts  of  a nurse  in  a public  institu- 
tion in  which  the  physician  himself  has  no  direct  control  over  the  nurses. 
A physician  is  not  responsible  for  the  malpractice  of  a physician  in  whose 
charge  he  leaves  a case,  provided  the  two  are  in  independent  practice  (i.e., 
not  in  partnership),  or  of  a specialist  in  independent  practice  to  whom  the 
case  has  been  referred  by  him. 

Sometimes  the  patient  himself  is  negligent,  and,  under  certain  cir- 
cumstances, this  “contributory  negligence/  as  it  is  called,  is  a complete 
defense  against  a claim  for  malpractice.  However,  if  the  acts  of  the 
patient  did  not  produce  the  injury,  but  merely  aggravated  it,  they  are  not  a 
complete  defense,  but  may  be  shown  only  “in  mitigation  of  damages”— he., 
to  diminish  the  amount  of  the  judgment.  An  important  principle  is  that, 
if  the  injury  produced  by  the  patient’s  own  negligence  cannot  be  separated 
from  that  produced  by  the  negligence  of  the  physician,  the  patient  canrot 
recover  damages. 

4.  The  fourth  duty  of  the  physician  is,  in  cases  of  doubt  to  use  his  best 
judgment.  This  is  a difficult  rule  to  understand,  because  its  meaning  is 
indefinite.  Nevertheless,  the  rule  exists,  and  is  exceedingly  important. 
The  conception  is  that  a physician,  though  possessed  of  a reasonable  degree 
of  learning  and  skill  and  though  exercising  care  in  its  application,  is  now  and 
then  confronted  by  peculiar  conditions  in  which  he  must  use  his  own 
individual  judgment  instead  of  relying  on  the  con  mm  stock  of  knowledge. 
Whether,  in  such  conditions,  it  is  actually  incumbent  on  the  physician  to 
experiment,  is  a question  which,  so  far  as  ^ have  been  able  to  ascertain, 
has  never  been  decided.  Probably,  should  the  question  arise,  it  would  be 
decided  in  the  negative. 

Miscellaneous  Matters. — An  ir  cpresting  question  arises  with  respect  to 
the  medical  or  surgical  malpractice  of  persons  not  licensed  as  physicians. 
A “graduate  optician,”  for  instance,  employs  the  title  of  “doctor”  and 
“eye  specialist”  and  declaims  to  a patient  that  he  is  a practitioner  of 
medicine  and  that  he  can  cure  the  patient’s  affection  by  means  of  a pair  of 
spectacles.  The  patient  is  suffering  from  syphilis  of  the  retina  and  optic 
nerve,  and,  in  consequence  of  the  negligence  of  the  graduate  optician,  he 
fails  to  receive  the  proper  kind  of  medical  attention,  and  his  sight  is 
destroyed.  Is  the  optician  liable?  Again,  a druggist  treats  an  injured 
finger,  p:e>r.ding  the  while  to  the  patient  that  he  is  a physician,  and 
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damage  ensues  as  a result  of  the  improper  treatment.  In  all  such  cases 
the  defendant  is  liable,  precisely  as  if  lie  were  really  a physician.1  A still 
stronger  case  is  that  of  Nelson  vs.  Harrington,2  in  which  the  defendant  was 
a clairvoyant,  whose  practice  it  was  to  place  himself  in  a kind  of  trance, 
and,  from  that  coign  of  vantage,  to  diagnose  and  prescribe  for  his  patients. 
He  had  never  declared  himself  to  he  a physician,  hut,  on  the  contrary,  had 
often  asserted  that  he  had  no  medical  knowledge.  Nevertheless,  the 
judgment  was  against  him  both  at  the  trial  and  in  the  higher  court.  How- 
ever, in  this  connection  it  is  to  be  noticed  that,  where  the  therapeutist  or  the 
surgeon  does  not  profess  to  be  a physician  and  at  the  same  time  gives  the 
advice  or  the  service  as  a friend  or  neighbor  merely,  he  incurs  no  liability. 

A further  miscellaneous  matter,  and  one  of  much  importance,  is  that, 
in  some  States,  the  defendant  in  a personal  injury  suit  (to  which  variety 
of  actions,  of  course,  malpractice  suits  belong)  is  wholly  devoid  of  power 
to  oblige  the  plaintiff  to  submit  to  a physical  examination  for  the  purpose 
of  determining  whether  or  not  his  alleged  injuries  do  actually  exist,  and 
whether,  in  case  they  exist,  they  are  actually  of  as  great  extent  and 
severity  as  the  plaintiff  has  alleged.  This  would  seem  to  be  a very  unjust 
holding,  but  it  is  actually  the  law  in  Illinois,3  Texas,  Montano,  Delaware, 
and  Massachusetts,  and  also  in  the  courts  of  the  United  Qt.  tpj.  To  the 
contrary,  however,  hold  the  courts  of  Ohio,  Kentucky,  Georgia,  Alabama, 
Missouri,  Kansas,  Arkansas,  Michigan,  Indiana,  Wisconsin  Minnesota,  Iowa, 
and  W ashington.  The  courts  of  New  York  formerly  held  against  the  exist- 
ence of  the  power,  but  the  decisions  of  these  courts  have  been  overruled  by  a 
statute — the  only  legislation  which,  so  far  as . kn<  w,  has  ever  been  enacted 
on  this  extremely  important  subject  in  any  of  the  States  of  the  Union.4 

A final  miscellaneous  question  relating  to  the  law  of  malpractice  is: 
Can  a valid  judgment  ever  be  rendered  against  a physician  for  malpractice 
in  the  total  absence  of  expert  testimony  against  his  manner  of  treatment? 
The  answer  is,  Yes,  in  certain  ve  y exceptional  circumstances  (namely, 
where  the  existence  of  malpractice  is  patent  to  ordinary  comprehension) 
such  a judgment  in  the  trial  court  would  most  undoubtedly  stand.  Just 
what  the  necessary  circumstances  are  to  enable  a court  to  dispense  with 
expert  testimony  in  a ma  practice  case,  is  always  a question  of  fact  rather 
than  of  law.  Of  course,  if  a man  should  enucleate  an  eye  for  the  purpose 
of  relieving  an  ordinary  headache,  it  would  take  no  expert  testimony  to 
convince  a juiv  that  the  doctor  was  guilty  of  malpractice. 

1 Ma‘hJ  t\  Wooley,  69  111.  App.  655. 

2 72  591. 

3 I ^ei.  onally  know  two  Illinois  physicians  (in  independent  practice)  who  are  considerably 
out  'f  pocKet  by  reason  of  the  fact  that  the  court  which  heard  their  cases  refused  to  compel 
th:  o.aintiff  to  submit  to  an  examination  of  his  alleged  injuries.  The  condition  of  the  law  on 
in  s pcint  ought  by  all  means  to  be  regulated  by  statute  in  every  State  of  the  Union. 

4 For  an  extended  discussion  of  this  subject  see  an  article  by  the  present  writer,  entitled 
“May  the  Plaintiff  in  a Personal  Injury  Suit  be  Compelled  to  Exhibit  His  Injuries f If  so, 
Under  What  Circumstances?"  in  the  Michigan  Law  Review,  vol.  i,  Nos.  3 and  4,  p.  193  and  p. 
277,  Dec.,  1902,  and  Jan.,  1903.  It  is  interesting  to  note  that  the  question  in  hand,  though 
much  adjudicated  in  America,  has  never  arisen  for  decision  in  England. 
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B.  The  Medical  and  Surgical  Side  of  Ophthalmic  Malpractice. 

The  largest  proportion  of  all  the  suits  or  claims  for  malpractice  that 
ever  confront  the  ophthalmic  surgeon  arise  from  strabismus  operations.1 
The  reason  is  obvious.  A strabismic  eye  is  almost  always  defective  in  its 
vision  to  begin  with,  and,  if  the  oculist  does  not  observe  the  precaution  to 
explain  and  even  to  demonstrate  absolutely  beyond  cavil  the  fact  of  de- 
fective vision  in  each  particular  case  in  which  he  is  about  to  operate,  then, 
after  the  operation,  when  the  patient,  or  his  relatives  for  him,  are  curious 
about  the  exact  results,  the  undesirable  fact  of  complete  or  partial  blind- 
ness comes  out,  and  the  surgeon  is  blamed  for  the  defective  condition  of  the 
sight. 

Deep  retraction  of  the  caruncle  after  a strabismus  operation  has  been, 
in  one  instance,  the  ground  of  a claim  for  malpractice.  The  operation  had 
been  performed  by  a traveling  charlatan,  who  was  one  of  the  few  of  his 
class  that  I have  ever  known  to  be  made  the  subject  of  a claim,  or  suit,  of 
this  sort. 

Next  to  strabismus  operations,  as  a fertile  field  for  the  growing  of  mal- 
practice suits,  come  the  various  foreign-body  cases : foreign  bodies  in  the 
cornea,  foreign  bodies  in  the  aqueous,  foreign  bodies  in  the  iris  or  the  lens, 
foreign  bodies  in  the  vitreous,  and,  finally,  foreign  bodies  in  the  posterior 
wall  of  the  eye  and  even  in  the  orbital  fat.  Foreign  bodies  in  the  cornea 
not  infrequently  (and  even  after  the  most  aseptic  removal)  leave  infection 
of  that  membrane  with  consequent  ulceration  and  all  the  deplorable 
sequel®.  In  such  cases,  just  because  the  offending  substance  was  perhaps 
extremely  minute,  the  patient  jumps  to  the  conclusion  that  no  such  serious 
consequences  would,  or  could,  have  followed  had  not  the  treatment  been 
improper. 

Ophthalmia  neonatorum,  too,  presents  its  quota  of  da  ms  for  damages 
against  the  attending  physician,  and,  strangely  enough,  the  disgusting  and 
discreditable  character  of  the  disease  does  not  suffice  in  every  instance  to 
keep  the  claim  out  of  court.  I knew  of  a case  in  w.iich  a general  practi- 
tioner was  sued  for  allowing  the  disease  to  o^cur  without  the  slightest 
effort  to  prevent  it.  He  had  known  at  +hc  ti  ne  of  delivery  that  the  mother 
had  recently  suffered  from  gonorrhea,  and,  in  fact,  himself  had  treated  her 
for  that  disease  up  almost  to  the  very  flay  of  labor.  The  doctor  was  given 
an  opportunity  to  settle  for  a small  sum,  and,  very  wisely,  he  accepted  the 
opportunity. 

Glaucoma,  strangely  enough,  considering  the  frequency  with  which 
the  disease  is  mistaken  and  created  for  iritis  and  conjunctivitis,  has  seldom 
been  the  subject  of  a suit  for  malpractice.  I have  known,  however,  of  two 
cases. 

" i go  at  leas*’  according  to  a collection  which  I made  for  many  years  of  newspaper  and 
medical  journal  clippings  which  related  to  malpractice  suits,  as  well  as  also  according  to 
many  notes  v^h  I made  of  various  cases  that  either  fell  within  my  personal  experience  or 
came  to  my  ears  by  reliable  report. 
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An  oculist  of  excellent  reputation  and  undoubted  ability,  being  rushed 
with  work,  performed  a pterygium  operation  without  sufficient  considera- 
tion of  all  the  factors  in  the  case.  It  so  happened  that  the  patient  had 
dacryocystitis  on  the  same  side  as  that  on  which  the  operation  was  per- 
formed, and  the  result  was  a panophthalmitis.  A claim  followed,  which, 
in  some  way,  was  settled  out  of  court. 

Now  and  then  a cataract  operation  gives  rise  to  a suit.  I was  told  by 
a friend,  an  oculist,  that,  after  a simple  extraction  performed  by  him,  he 
was  sued  because  the  operated  eye  had  recovered  only  half  its  vision.  The 
doctor,  a man  of  ability  and  great  caution,  knowing  what  his  rights  were, 
would  not  scare  at  all,  and  the  suit  was  abandoned. 

Even  refraction  work  is  not  devoid  of  the  malpractice  danger.  I had  a 
clipping  of  a case  which  related  that  an  oculist,  a man  of  merit  and  means, 
has  been  subjected  to  a suit  because  an  optician  had  informed  the  plaintiff 
(and  afterward  been  sustained  in  his  contention  by  an  educated  oculist) 
that  one  of  his  eyes  had  suffered  an  extensive  detachment  of  the  retina 
because  of  a wrongly  prescribed  spectacle  lens.  In  another  case,  a claim 
was  made  against  a meritorious  oculist  because,  as  was  alleged,  a ^adly 
fitting  pair  of  lenses  had  produced  a pterygium  and  “granulated”  eyelids. 
Here  is  still  another  case  connected  with  refraction  work:  A lady  aged  20 
complained  of  headache  and  rapid  ocular  fatigue.  TcstAenses  and  the 
ophthalmoscope  declared  the  refraction  normal.  In  ;o  each  eye  was  in- 
stilled thrice  daily  for  three  days  a 1 per  cent,  solution  of  atropin.  Then 
the  test-lenses  and  ophthalmoscope  revealed  four  dioptres  of  hyperme- 
tropia.  Glasses  were  prescribed,  and  she  suffered  no  longer  from  headache 
or  from  ocular  fatigue.  Nevertheless,  sIk  evinced  intense  dissatisfaction 
because,  her  ciliary  muscles  being  now  relax  m, — as,  of  course,  they  ought  to 
be, — she  was,  as  she  alleged,  without  her  glasses  “blind.”  She  admitted 
that,  with  her  lenses,  she  saw  as  well  a ^ anyone,  and  had  neither  headache 
nor  ocular  fatigue,  but  all  this  very  evident  improvement  was  as  dust  and 
ashes  beside  the  overwhelming  pjicl  heart-rending  fact  that  without  her 
glasses  she  was  “blind.”  All  the  proffered  explanations  made  by  the 
oculist  were  unheeded,  aii'1,  indeed,  appearances,  however  unjustly,  were 
much  against  the  doctor.  Legal  proceedings  were  discussed,  and  it  was 
only  through  the  influence  of  the  general  practitioner,  who  had  referred 
the  case  to  the  specialist,  that  legal  action  was  averted. 

III.  OPHTHALMO-5ANITARY  LEGISLATION. 

The  laws  enacted  for  the  prevention  of  injuries  to,  and  diseases  of,  the 
eye  are,  in  any  country,  “few  and  far  between.”  Nevertheless,  such  laws 
exist,  even  in  America,  and  these  are  most  conveniently  divisible  into  these 
two  main  classes1 : — 

1 The  Committee  on  Prevention  of  Blindness  of  the  American  Medical  Association  and 
the  American  Association  for  the  Conservation  of  Vision  are  both  doing  effective  work,  rather, 
however,  in  the  field  of  popular  education  than  that  of  legislation. 
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1.  Laws  devoted  solely  to  the  prevention  of  injuries  to,  and  diseases 
of,  the  eyes. 

2.  Laws  which,  though  embracing  other  matters,  nevertheless  con- 
tribute partly  or  indirectly  toward  the  prevention  of  such  injuries  and 
diseases 

(1)  Among  the  most  important  of  the  first-named  enactments  are 
those  relating  to  the  prevention  of  blindness  from  ophthalmia  neonatorum. 
Many  of  the  States  of  the  Union  have  now  adopted  such  a law,  and  perhaps 
the  Michigan  statute1  may  be  copied  herein  as  being  fairly  representative : 
«...  should  one  or  both  eyes  of  an  infant  become  inflamed  or 
swollen,  or  reddened,  or  should  any  pus  or  secretion  form  in  the  eyes  or 
upon  the  edge  of  the  lids,  at  any  time  within  two  weeks  after  birth,  it 
shall  he  the  duty  of  any  midwife,  nurse  or  other  person  having  charge  of 
such  infant,  to  report  in  writing  within  six  hours  after  the  discovery  of 
such  inflammation,  redness  or  formation  of  pus,  or  secretion,  to  the  local 
health  officer  or  some  legally  qualified  practitioner  of  medicine  in  the  city, 
town  or  district  in  which  such  case  shall  occur,  the  fact  that  such  inflam- 
mation, swelling  or  redness  or  accumulation  in  the  eyes  exists. 

The  penalty  is  a fine  not  exceeding  one  hundred  dollars,  or  imprison- 
ment not  exceeding  six  months,  or  both  such  fine  and  imprisonment.  Per- 
haps the  only  criticism  that  could  properly  be  made  of  this  statute  is  that 
the  time  should  not  have  been  limited  to  two  weeks  after  birth,  hut  would 
better  have  been  extended  to  four  weeks,  or  even  to  six,  or  more.  SmaJ 
children  not  infrequently  acquire  gonorrheal  ophthalmia  from  the  d rty 
fingers  of  their  mothers,  and  there  is  no  particular  advantage  in  limiting 
the  period  of  safety  to  the  time  during  which  the  infant  is  as  a rule,  be- 
neath the  care  of  nurse  or  midwife.  The  Missouri  statute  reads  “three 
weeks.” 

Leaving  the  subject  of  ophthalmia  neonatorum,  ° jout  which  very 
many  more  things  could  be  said,2  here  is  a very  useful  Connecticut  statute, 
which,  so  far  as  I know,  has  never  been  copied  nto  the  laws  of  any  other 
State.  “Every  person,  firm,  or  corporation  u-ing  stained,  painted,  or  cor- 
rugated glass  in  factory  windows,  where  the  same  is  injurious  to  the  eyes 
of  the  workmen  therein,  shall  remove  same  upon  the  order  of  the  factory 
inspector.”3 

The  various  laws  requiring  toe  use  of  blowers,  hoods,  etc.,  in  connec- 
tion with  polishing  machines,  etc.,  have  in  view  almost  exclusively  the 
protection  of  the  eyes.  Nearly  all  the  States  possess  such  laws  at  present, 
and,  of  these,  the  fo’luwing  from  New  Jersey  may  very  well  stand  as 
typical  :4  “Sec.  14.  A l1  corporations,  firms,  or  persons  conducting  a manu- 

1 Compiled  Laws  o,'  Vichigan,  1897,  vol.  ii,  p.  1419,  sec.  4475. 

2 For  example,  tha  th  3 State  of  New  York  grants  $5000  yearly  for  the  free  distribution  of 
prophylactic  ouMs  fo  the  prevention  of  ophthalmia  neonatorum,  and  that,  in  Massachusetts, 
with  the  very  an^  end  in  view,  midwife  practice  is  gradually  being  eliminated. 

3 General  statutes,  1902,  sec.  4518. 

*Act'  o • 1104,  ch.  lxiv,  secs.  14  and  15.  (Several  of  the  immediately  succeeding  sections 
are  also  iite-esting  in  the  present  connection.) 
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facturing  business  . . . where  emery  wheels  or  emery  belts  of  any 

description  are  used,  either  solid  emery,  leather,  leather  covered,  felt,  can- 
vas, linen,  paper,  cotton,  or  wheels,  or  belts  rolled  or  coated  with  emery  or 
corundum,  or  cotton  wheels  used  as  buffs,  shall  provide  the  same  with 
blowers  or  similar  apparatus,  which  shall  be  placed  over,  beside  or  under 
wheels  or  belts  in  such  a manner  as  to  protect  the  person  or  persons  using 
the  same  from  the  particles  of  the  dust  produced  and  caused  thereby,  and 
to  carry  away  the  dust  arising  from  or  thrown  off  by  such  wheels  or  belts 
while  in  operation,  directly  to  the  outside  of  the  building,  or  to  some 
receptacle  placed  so  as  to  receive  and  confine  such  dust.  . 

“Sec.  15.  . . . Each  and  every  such  wheel  shall  be  fitted  with  a 

sheet  or  cast-iron  hood  or  hopper  of  such  form  and  so  applied  to  such 
wheel  or  wheels  that  the  dust  or  refuse  therefrom  will  fall  from  such 
wheels  or  will  be  thrown  into  such  hood  or  hopper  by  centrifugal  force  and 
be  carried  off  by  a current  of  air  into  a suction  pipe  attached  to  some  hood 
or  hopper.” 

Thus  much  for  the  legal  enactments  tending  toward  the  preventh  n of 
ocular  injuries  and  diseases;  and,  truly,  by  any  one  who  invest  :gates  ;his 
class  of  our  legislation  at  all  thoroughly,  it  is  readily  perceived  i-eau  in  this 
country  there  exists  a very  great  need  of  further  determinate  ophthalmo- 
sanitary  legislation.  For  instance,  the  sale  of  explosives  for  use  on  the 
fourth  of  July  and  other  holidays  should  be  much  more  carefully  restricted, 
or,  still  better,  should  be  prohibited  entirely.  At  pi  ^suit,  nearly  all  such 
matters  are  left  to  local  ordinance,  whereas  each  State  should  enact  a 
statute  on  the  subject,  and  every  State  proseeiJm-  should  see  that  the  law 
is  strictly  enforced  within  his  territorial  jurisdiction.  A civil  statute, 
making  the  seller  of  explosives  to  persons  un  ler  age  answerable  in  damages 
for  all  injuries  resulting  from  such  sale,  would  exert,  beyond  question,  an 
extremely  deterrent  effect.  Such  a law,  for  one  thing,  would  not  depend 
for  its  enforcement  on  the  vigilance  of  public  prosecutors. 

. Stl11  an°ther  matter  vainly  demanding  legislative  attention  is  the 
fitting  of  glasses  by  incompetent  persons.  It  is  not  perhaps  an  exaggera- 
tion to  say  that  nine-tenths  of  all  the  glasses  fitted,  or  misfitted,  in  this 
country  are  obtained  f i ^ the  hands  of  grossly  ignorant  men,  persons  who 
are  not  physicians  in  any  sense  whatever  and  who  have  never  received  even 
the  slightest  me^nal  training.  Each  of  these  incompetent  persons  almost 
invariably  makes  himself  known  throughout  the  community  as  “eye- 
doctor,”  “eye-specialist,”  “ophthalmologist,”  and  the  like,  by  which  mis- 
nomers he  succeeds  in  leading  the  public  to  suppose  that  he  is  a physician 
paying  special  attention  to  diseases  of  the  eye.  Unfortunately,  legis- 
latc  s forgetting  that  the  only  possible  justification  for  the  narrowness  of 
.oeiia.ism  is  the  broadest  possible  preliminary  training  in  the  different 
general  medical  branches  (from  which  no  specialty  can  properly  be  dis- 
severed, except  m the  field  of  actual  practice),  are  generally,  in  fact  almost 
universally,  disposed  to  regard  the  treatment  of  eye-troubles  by  those  who 
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are  only  spectacle-fitters  as  merely  a further  and  praiseworthy  development 
of  the  modern  idea  of  specialism.  The  consequence  is  that  legislation, 
instead  of  tending  to  oust  these  people  from  ophthalmic  practice,  tends 
yearly  more  and  more  firmly  to  establish  them  therein. 

A number  of  States  now  have  legislation  the  object  of  which  is  to 
fence  about  and  safeguard  these  unqualified  practitioners. 

Then  another  matter  demanding  attention,  but  very  unlikely  to  get  it, 
is  the  continual  sale  of  enormous  quantities  of  eye-drops,  eye-salves,  eye- 
batteries,  and  the  like  not  only  by  respectable  pharmacists,  but  also  by 
“wheeling  strangers  of  here  and  everywhere.”1 

Another  deficiency  in  American  ophthalmo-sanitary  legislation  lies  in 
the  fact  that  in  only  nine  States  of  all  our  forty-eight  has  any  statute  been 
enacted  looking  toward  the  establishment  of  medical  inspection  of  public 
school  children.2 3  The  States  in  question  are:  Massachusetts,  New  Jersey, 
Connecticut,  Vermont,  Colorado,  Maine,  New  York,  Indiana,  California, 
and  Washington.  Only  in  the  first  five  of  these  States  is  the  inspection 
both  mandatory  and  state-wide.  In  Maine  it  is  mandatory  in  cities  and 
towns  with  a population  of  less  than  30,000.  Indiana  provides  for  inspec- 
tion in  Indianapolis  only.  In  the  remaining  States  the  law  is  merely 
“directory,”  or  -“permissive.”8 

Nowhere  in  the  United  States,  so  far  as  I know,  are  provisions  made 
for  the  institution  of  separate  classes  for  children  with  defective  sight 
like  the  Nebenklassen  of  the  Germans — or  separate  schools  for  children  suf- 
fering from  trachoma — such  as  exist  in  Italy.4 * 

Every  State  should,  as  a matter  of  course,  provide  for  medical  inspec- 
tion of  its  public  schools,  both  by  general  practitioners  and  ly  s lecialists. 
The  provisions  should  be  absolutely  mandatory  and  state-wide  in  their 


1 in  every  civilized  land  on  earth,  so  far  at  least  as  I have  been  alle  to  ascertain,  the 
wail  for  reform  in  these  matters  goes  up  to  heaven  continually  and  vainly.  Thus,  for  a single 
example,  take  poor  France,  as  voiced  by  Chevallereau  in  the  Eni'  di  ptdie  franqaxse d ophtal- 
mologie,  vol.  ix,  p.  777:  “Notre  domaine,  que  d’aucuns  trouven  et  avec  raison  dejft  bien  etroit, 
est  constamment  envahi  par  un  grand  nombre  de  braconn^i.  q'-i  exercent  sur  nos  terres  e 
veritables  brigandages.  Les  Pommades  et  les  eaux  pcui  L * ’ eux  sont  vendus  par  un  gran 
nombre  de  pharmaciens,  qqi,  ici,  comme  toujours,  s*  so  lvent  aux  premiers  rangs  de  nos 
concurrents;  les  sceurs  de  l’h6pital  de  Saint-Germaii -en  Lave  vendent  une  eau  qui  gu§nt  la 
cataracte;  un  restaurant  situe  prfcs  de  la  Bast  lie  do-ne  ft  qui  en  desire  l’eau  des  Quatre- 
Sergents  qui  guerit  tout.  Ces  exemples  sont  pr.^  er.re  plusieurs  mille. 

“L’humeur  de  nos  confreres  s’est  su”+out  §lev6e  depuis  quelques  annees  contre  les 
opticiens  qui  ne  se  boment  pas  ft  executer  ~os  ordonnances,  mais ^prescrivent  d’euxmemes  et 
fournissent  des  verres  pour  tous  les  gerr-'s  de  refraction  . . . 

2 To  be  sure,  a little  has  been  d.ue,  here  and  there,  by  virtue  of  local  powers.  Thus, 
school  nurses  have  throughout  the  ouutry  been  installed  in  the  public  schools  of  some  of  our 
larger  citles-always,  by  the  way.  w.  h excellent  results.  See  on  this  head  The  Value  of  the 
Kurse  in  the  Public  School,  by  Tyomas  A.  Woodruff,  M.D..  Chicago,  in  the  Bulletin  of  the 
American  Academy  of  Medicine  \ol.  x,  No.  5,  Oct.,  1909. 

3 It  has  been  held  in  i very  recent  case  in  Minnesota  that  express  legislation  is  not  a 
all  necessary  to  confer  up.'  school  directors  in  that  State  the  power  to  establish  reasonable 
medical  inspection  in  he  public  schools.  The  reason  given  was  that  “no  system  of  education, 
although  designer  solely  to  develop  mentality,  would  be  complete  which  ignored  bodily 
health.”— State  e?  nl.  Stoltenberg  vs.  Brown,  City  Comptroller  (128  N.  W.  R.  29  ). 

4 An  exc  allont  article  on  The  Medical  Inspection  of  Public  School  Children  is  that  by  Dr. 

G.  W.  Ricf,  c f Champaign,  111.,  in  the  Illinois  Medical  Journal  for  March,  1910,  p.  328. 
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application.  Then,  too,  although  much  should,  as  a matter  of  expediency 
and  perhaps  necessity,  be  left  to  the  conscience  and  discretion  of  teachers 
and  inspectors,  yet  very  much  might  well  enough  be  made  a certainty  by 
hard  and  fast  rules.  Thus,  Javal’s  dictum  that  buildings  surrounding  a 
school-house  should  not  stand  closer  to  the  school  than  twice  their  altitude 
might  very  well  be  insisted  on  in  every  case.  Again,  such  matters  as  tem- 
perature and  ventilation  might  be  the  subject  of  fixed  rules.  Inspectors 
should  be  required,  under  appropriate  penalties,  to  see  that  cards  are 
issued  to  parents,  directing  the  latter’s  attention  to  any  defects  of  a 
physical  nature  occurring  in  their  children.  Monthly  inspections  should 
be  required1  and  the  occurrence  of  contagious  diseases  should  be  a signal, 
always,  for  the  removal  of  the  afflicted  scholar,  or  scholars,  until  such  time 
as  his  or  their  reappearance  could  be  made  without  danger  to  other  persons. 
School-books  should  be  printed  in  type  neither  above  nor  below  certain 
standards  of  size,  and  on  paper  absolutely  opaque  and  of  a dull  finish. 
Larger-sized  type  should  be  required  for  the  younger  children  than  for  the 
older,  and  for  the  bodies  of  the  pages  than  for  footnotes.  In  towns  of  a 
thousand  or  more  inhabitants  there  should  be  separate  schools,  o:*  cla  sses, 
for  children  with  defective  vision — less,  say,  than  1/5.  Indigent  children 
needing  glasses  should  have  these  furnished  at  the  public  expense.2  As 
to  school-furniture,  the  front  edge  of  the  seat  should  be  inquired  to  extend 
not  less  than  2 nor  more  than  4 inches  forward  of  tie  back  edge  of  the 
desk;  the  seat  should  be  at  an  approximate  distant  from  the  desk  of  % 
the  pupil’s  height;  the  top  surface  of  the  drsK  Mi  aid  be  inclined  in  the 
direction  of  the  pupil  at  an  angle  of  15°  to  20° : .md  certain  other  regula- 
tions relative  to  school-furniture,  not  possiMe  to  be  mentioned  here,  should 
be  made  the  subject  of  statutory  enactment.  Finally,  in  towns  or  cities 
with  populations  exceeding  ten  thousand,  school-nurses  should  be  employed 
and  should  be  vested  with  appropriate  and  adequate  authority. 

(2)  Laws  which  only  indirectly,  or  partly,  have  for  their  object  the 
prevention  of  eye  diseases  and  injuries.3 

Of  these  the  most  imp*. riant  by  far  are  those  relating  to  vaccination, 
since  variola  is  extremely  prolific  of  blindness,  even  in  mild  cases  of  the 

1 Our  active  little  neighbor  across  the  Pacific  got  around  to  this  some  time  ago. 

2 By  which  I Jo  nc„  mean  at  the  expense  of  some  individual  oculist. 

3 Unfortunate^,  the  employers’  liability  law  which  has  been  enacted  in  Germany  (das 
Unfallversicheruj  gsg.  setz)  and,  with  certain  modifications,  in  various  other  lands  (England, 
France,  et  al.)  kis  ^ever  been  copied,  except  as  to  a few  of  its  features,  into  the  laws  of  the 
United  Sfat's  r of  those  of  any  of  the  separate  States.  This  law  (Unfallversicherungsgesetz), 
which  uak^s  +he  employer  liable  at  all  events  (i.e.,  irrespective  of  such  questions  as  con- 
tributOi,r  legligence,  fault  of  fellow- workmen,  assumption  of  risk,  etc.)  for  accidents  to  his 
emp’oyeeb.  has  had  a most  excellent  effect  in  the  way  of  preventing  injuries  to  workmen; 
fo**  \ hen  employers  know  themselves  to  be  responsible  for  such  injuries  at  all  events,  they 
l^ke  cie  utmost  pains  to  prevent  the  occurrence  of  accidents.  The  various  imitations  of  this 
lav  wnich  have  been  enacted  in  some  of  the  States  of  this  country  are  nothing  like  so  good 
as  their  unemasculated  European  models. 

For  an  excellent  and  somewhat  copious  discussion  of  this  subject,  the  reader  is  referred 
to  the  series  of  articles  by  Dr.  W.  H.  Allport,  of  Chicago,  in  the  Illinois  Medical  Journal,  for 
Oct.,  Nov.,  and  Dec.,  1909,  entitled  Studies  in  Contemporary  Workmen's  Compensation.  That 
article  is,  however,  now,  unavoidably,  a little  out  of  date. 
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disease.  It  would  be  superfluous  to  mention  the  various  requirements  in 
the  several  States  relating  to  the  vaccination  of  school-children,  but  it  is 
well  worth  knowing  that,  in  Connecticut,  Maine,  and  Virginia,  laws  are  in 
force  which  require  the  vaccination  of  workmen  under  certain  (generally 
too  limited)  circumstances. 

Maine  has  the  most  explicit  law  upon  the  subject,  hut  restricts  its  ap- 
plication to  paper  mills.  Thus:1 2  “Sec.  83.  No  owner,  agent,  or  superin- 
tendent of  any  paper  mill  where  domestic  or  foreign  rags  are  used  in  the 
manufacture  of  paper  shall  hire  or  admit  any  person  to  work  in  or  about 
said  mill  who  has  not  been  successfully  vaccinated  or  revaccinated  within 
two  years,  or  to  the  satisfaction  of  the  local  hoard  of  health. 

“Sec.  84.  No  person  shall  work  in  or  about  any  paper  mill  where  rags 
are  used,  who  has  not  been  successfully  vaccinated  or  revaccinated  within 
two  years,  or  to  the  satisfaction  of  the  local  hoard  of  health.” 

The  fine  for  violation  of  either  of  these  provisions  is  restricted  to  a 
maximum  of  fifty  dollars.  Moreover,  there  is  no  minimum  limit  whatever, 
and  the  fines  are  always  too  light.  It  is  easy  enough  to  see  why  the 
employees  in  and  about  paper  mills  should  be  the  especial  objects  of  vac- 
cinial  legislation,  hut,  certainly,  the  law  should  he  extended  so  as  to  apply 
to  many  other  classes  of  workmen. 

Connecticut’s  law  upon  the  subject  is  also  limited  in  its  application  to 
paper-mill  employees.  Further,  it  is  altogether  too  short  and  inexplicit.  - 

Virginia  limits  the  application  of  her  vaccination  statute3  to  “Any 
person,  firm,  or  corporation  employing  large  bodies  of  laborers  in  the  Slate 
of  Virginia  constructing  works  of  public  improvement.  . . .” 

The  law9  of  the  United  States  and  also  of  the  separate  States  com- 
prise, nevertheless,  a rather  large  number  of  provision*  the  object  of 
which  is,  at  least  in  part,  to  prevent  the  occurrence  of  'njuries  to,  and 
diseases  of,  the  eye.  Thus,  in  some  States,  the  shuttles  wuich  shoot  to  and 
fro  in  weaving  mills  must  be  guarded  from  flying  out  of  the  looms 
which,  by  the  way,  they  sometimes  do  at  all  events,  often  with  disastrous 
consequences  to  the  eyes  of  those  who  are  working  near.  Threshing 
machines,  also,  are  generally  required  to  uo  so  protected  that  no  joint, 
knuckle,  or  jack”  thereof  “is  dangerov  sly  exposed.”  Persons  charging  any 
“hole  with  nitroglycerin,  powder,  or  other  explosive”  are  usually  forbid- 
den to  “use  any  steel  or  iron  tampii  g bar.”  Professional  shot-firers  are 
quite  uniformly  required  to  shoot  down  the  coal  in  mines  “employing” 
for  instance  “twenty  or  more  miners  to  work  in  the  same.”  The  various 
regulations  requiring  an  adequate  supply  of  outer  air  in  mines,  both  for 
breathing  purposes  and  aiso  for  the  prevention  of  explosions  due  to  the 
accumulation  of  fire  d,  mp ; those,  also,  providing  for  a sufficient  number  of 
adequate  escape  shafts,  for  improved  safety  catches,  for  “experienced,  com- 


1 Revised  Siitu  es,  1903,  ch.  xviil. 

2 Genera  statutes,  1902,  sec.  4693. 

* Cod'-,  1904,  sec.  1743e. 
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petent,  and  sober  men”  to  have  “charge  of  hoisting  apparatus  and  engines” 
— all  these  and  many  similar  regulations  have  a tendency  to  prevent  the 
occurrence  of  injuries  to  the  eyes  as  well  as  to  other  portions  of  the  body. 
Then  there  are  numerous  regulations  relating  to  railways,  steamboats, 
steamships,  the  construction  of  buildings,  etc.,  which  cannot  here  even  be 
mentioned  by  title,  partly  because  of  lack  of  space,  partly  because  of  the 
high  degree  of  technicality  of  many  of  the  matters  involved.  Before  we 
leave  this  subject,  however,  we  ought  to  remind  ourselves  that  all  the 
various  laws  which  tend  to  shorten  the  hours  of  labor,  and  which  limit  or 
prevent  the  improper  employment  of  women  and  children  in  industrial 
occupations,  are  all — so  far  as  enforced — of  a very  high  degree  of  value  not 
only  in  the  prevention  of  diseases  and  accidents  generally,  but  also  of  those 
which,  either  directly  or  indirectly,  have  reference  to  the  eye. 

In  conclusion,  I should  like  to  advert  to  a matter  which  falls  neither 
within  the  field  of  ophthalmic  expert  testimony,  nor  that  of  ophthalmic 
malpractice,  nor,  exactly,  in  that  of  ophthalmo-sanitary  legislation.  It  is, 
however,  an  ophthalmo-legal  affair,  and,  moreover,  one  which  Tery  much 
requires  the  serious  attention  of  oculists,  for  it  concerns  he  care  and 
welfare  of  that  very  unfortunate  class  of  indigent  persons  wi.o  are  totally 
and  hopelessly  blind.  We  who  have  good  eyes  do  not  perhaps  appreciate 
the  manifold  blessings  of  excellent  vision;  we  certainly  neither  do  nor  can 
fully  realize  the  sorrow  and  the  suffering  undergon?  by  those  who  have 
wholly  and  permanently  parted  with  their  signt.  Oculists,  perhaps,  being 
somewhat  familiar  with  the  condition  in  qaesticn,  are  least  of  all  disposed 
to  dwell  upon  it  in  its  nomscientific  aspen.  Let,  however,  anyone  who 
desires  to  get  some  sort  of  understanding  of  that  terrible  underworld  of 
impenetrable  shadow  devote  an  hour  or  two  to  the  perusal  of  that  little 
book  of  the  great  French  ophthalmologist,  Javal,  entitled  “On  Becoming 
Blind.”  Javal  went  blind  himself.  Then  he  wrote  the  book.  He  had, 
obviously,  no  thought  at  all  of  Ving  pathetic  in  the  little  volume.  He  was, 
in  its  pages,  as  in  the  thoi  sanas  of  others  which  he  had  written,  merely  the 
cold,  calm,  scientific  observer,  recording  for  the  use  of  other  observers 
certain  matters  which  he  himself  had  ascertained  at  first  hand.  And  yet  I 
know  no  other  \\Cxi  in  literature  so  poignantly,  so  almost  intolerably, 
pathetic  as  this  oid,  calm  statement  of  what  it  means  to  go,  and  to  remain, 
blind.  But  Javal,  after  all,  was  financially  well-to-do.  With  plenty  of 
money  and  surrounded  by  relatives  and  friends,  he  could  make  the  most 
(whici  was  not  a great  deal,  to  be  sure)  of  a long-drawn-out  catastrophe.1 

Here  is  a passage  from  Javal’s  book:  “What  makes  the  position  of  the  blind  most 
particularly  trying  in  company  is  that  he  does  not  know  when  his  interlocutor  leaves.  If  he 
always  has  some  one  with  him,  his  guide  informs  him;  but  this  is  a hard  task  for  the 
companion.  In  a salon  one  who  speaks  to  a blind  person,  and  by  rare  chance  has  taken  pains 
to  tell  his  name  at  the  beginning  of  his  conversation,  never  thinks  to  say  again  wrho  he  is 
when  he  comes  back  after  a short  interval.  When  I can,  I like  to  take  my  place  on  a sofa 
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Now,  what  must  it  not  mean  to  a man  who,  being  blind,  is  poverty-stricken 
also?  “Fakes”  there  are,  of  course;  but  what  of  the  really  blind — the 
sightless,  half-frozen  paupers  who  shake  their  pennies  in  a hat  or  can  and 
sing  upon  the  corners  of  our  streets,  to  be  sneered  at,  and  laughed  at,  and 
reviled  as  public  nuisances?  “They  ought  to  go  to  the  poorliouse”?  Yes, 
but  to  go  to  the  poorhouse  often  means  to  part  with  relatives  and  friends. 
Better  by  far  to  be  tolerated  on  the  streets  by  day,  and  then,  at  night,  to 
return  to  some  sort  or  kind  of  place  called  home.  To  say  these  things  is 
not  to  preach,  nor  to  be  too  tenderhearted : it  is  only  to  be  humane.  Clearly, 
society,  through  its  legislatures,  should  make  especial  provision  for  the  in- 
digent who  are  blind.  Now,  the  State  of  Illinois  (among  a few  others)  has 
done  a very  little  in  the  line  of  such  enactment.  Here  is  the  gist  of  the 
Illinois  law : — 

“That  all  male  persons  over  the  age  of  twenty-one  (21)  years,  and  all  female 
persons  over  the  age  of  eighteen  (18)  years,  who  are  declared  to  be  blind  in  the 
manner  hereinafter  set  forth,  and  who  come  within  the  provisions  of  this  act,  shall 
at  the  discretion  of  the  board  of  county  commissioners  or  the  board  of  supervisors, 
receive  as  a benefit  one  hundred  and  fifty  dollars  ($150.00)  per  annum,  payable 
quarterly,  upon  warrants  properly  drawn  upon  the  treasurer  of  the  county  of 
which  such  person  or  persons  are  residents. 

“That  no  person  or  persons  who  are  charges  of  any  charitable  institution  of 
this  State  or  any  county  or  city  thereof,  or  persons  having  an  income  of  more  than 
two  hundred  and  fifty  dollars  ($250.00)  per  annum,  or  persons  who  have  not 
resided  within  the  State  of  Illinois  continuously  for  ten  (10)  consecutive  years  ana 
in  their  respective  counties  three  (3)  years,  immediately  before  applying  for  said 
benefit,  shall  be  entitled  to  the  provisions  of  this  act.” 

Then  follow  a number  of  sections  in  which  the  machinery  is  constructed 
for  the  application  of  this  law. 

It  will  be  observed  that  the  statute  says,  “at  the  discretion  of  the 
board  of  county  commissioners  or  the  board  of  supervisor/'  I have  been 
informed  by  the  Executive  Secretary  of  the  Chanties  Commission  of 
Illinois  that  in  only  thirty-one  counties  of  the  Stat^—  out  of  a total  of  102 
counties — have  the  county  commissioners,  or  no  mty  supervisors,  exercised 
(unless  in  a negative  manner)  the  “discretion”  which  has  been  conferred 
upon  them  by  the  statutes  quoted  aboT,c.  F very  oculist  in  Illinois,  and 

which  allows  me  to  take  very  lightly  between  uo  fingers,  quite  unseen,  a fold  of  the 
person’s  garment  with  whom  I am  talking,  ar  d ~'ho  then  cannot  leave  without  my  knowing  it. 

“It  is  not  given  to  every  one  to  have  a ^aithful  companion  who  knows  how  to  make 
him  hear  the  name  of  whoever  comes  to  aim  without  affectation,  and  as  if  addressing  them  to 
wish  them  good  day;  who  knows  how  in  c conversation  to  make  the  needful  remarks  to  save 
him  from  addressing  some  one  vrhc  L-'S  just  left  or  from  calling  him  to  witness;  who  knows 
how  to  keep  him  in  touch  with  th^  movements  of  the  guests  so  as  to  save  him  that  hateful 
thing,  speaking  to  empty  space/’ 

“That  hateful  thing,  speaking  to  empty  space,”  has,  in  fact,  been  often  mentioned  to  me 
by  those  who  had  long  beer  blind  as  one  of  the  bitterest  of  all  their  bitter  experiences. 
Thus,  a great  giant  oe  a mai , who  was  more  than  forty  years  of  age,  and  who  had  been 
quite  blind  for  the  great^”  portion  of  his  life,  informed  me  that,  whenever  he  found  himself 
conversing  with  the  empty  air,  there  suddenly  arose  within  him  such  a longing  and 
yearning  as  only  the  tender  caresses  of  his  mother  could  completely  dispel. 
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also  every  oculist  in  such  other  States  (alas!  too  few)  as  possess  some 
similar  legislation,  should  make  it  a personal  matter  to  see  that  the  boards 
of  commissioners  or  of  supervisors  (at  least  in  the  county  in  which  he 
lives)  are  awakened,  even  jarred,  if  necessary,  into  exercising,  instead  of 
neglecting,  the  “discretion”  which  is  conferred  upon  them  by  this  very 
proper  law. 


CHAPTER  XXIX. 

NOTES  ON  OCULAR  THERAPEUTICS. 


Like  other  departments  of  medicine,  ophthalmology  can  boast  of  a 
vast  amount  of  literature  concerning  the  treatment  of  disease;  and  here, 
as  elsewhere,  we  find  that  the  really  valuable  agents  are  few  in  number 
and  that  the  epoch-making  papers  and  books  on  ophthalmic  therapeutics  are 
even  less  numerous. 

Ophthalmic  therapy  consists  of  three  principal  parts:  (1)  operative 
measures,  (2)  optical  appliances,  and  (3)  medicinal  agents.  Medicinal 
agents,  using  the  term  in  a broad  sense,  include  not  only  drugs  used  locally 
or  internally,  but  also  many  physical  agents,  such  as  rest,  heat,  cold,  mas- 
sage, cauterization,  the  use  of  radium  and  the  Eoentgen  rays,  as  well  as 
injections  (subconjunctival,  intra-orbital,  intra-venous,  intra-muscular,  and 
the  use  of  tuberculins,  sera,  and  vaccines),  and  the  production  of  artificial 
hyperemia.  The  author  regrets  that  this  chapter  must  be  limited  to  a 
discussion  of  a few  ophthalmic  medicines. 

COLLYRIA. 

Medicines  intended  for  local  use  in  the  eyes  are  termed  collyria.1  Since 
they  are  almost  as  numerous  as  the  stars  in  the  firmament,  anO  since  many 
of  the  agents  of  this  class  are  of  doubtful  value,  only  a few  of  these  remedies 
will  be  mentioned.  They  will  be  divided  arbitrarily  into:  '1)  Mydriatics; 
(2)  Cycloplegics ; (3)  Miotics;  (4)  Anesthetics;  (5)  Analgesics;  (6)  Vaso- 
constrictors; (7)  Stimulants;  and  (8)  Miscellaneous  Solutions. 

A.  MYDRIATICS. 

Agents  which  dilate  the  pupil,  and  have  incidentally  only  a slight 
effect  on  the  accommodation,  are  termed  mydriatics.  They  are  used  to 
facilitate  an  ophthalmoscopic  examina  ion.  In  this  list  are : euphthalmin, 
mydrin,  ephedrin,  and  (weak  solutions  of)  homatropin.  Cocain,  which 
possesses  mydriatic  properties,  belongs  in  the  list  of  local  anesthetics.  The 
mydriatics  in  common  use  are  euphthalmin  and  mydrin.  The  former  is 
to  be  preferred.  As  has  been  mentioned  elsewhere  in  this  work  (page  132) 
the  intra-ocular  tension  should  be  tested  before  any  mydriatic  is  used;  in 
rare  instances  even  the  mildest  of  these  agents  has  caused  an  outbreak 
of  glaucoma. 

Euphthalmin  is  used  in  solutions  varying  from  2 to  10  per  cent,  in 
strength,  2 ot  o drops  sufficing  to  dilate  the  pupil.  The  advantages  pos- 

1 In  ancient  times  the  word  collyrium  was  applied  to  a medicine  intended  “to  check 
a defluxion,  ’ ..nd  in  this  sense  it  meant  a suppository  or  a medicated  bougie. 
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sessed  by  euphthalmin,  as  stated  by  Darier,  are:  (1)  prompt  dilation  of 
the  pupil;  (2)  slight  influence  on  the  accommodation;  (3)  no  effect  on 
the  intra-ocular  tension;  (4)  no  toxic  effect;  (5)  absence  of  conjunctival 
and  corneal  irritation,  and  (6)  rapid  recovery  from  the  mydriasis.  The 
dilation  of  the  pupil  rarely  lasts  longer  than  two  or  three  hours. 

In  order  to  give  the  least  annoyance  to  the  patient  and  to  secure  the 
most  rapid  recovery,  Jackson  advises  its  combination  with  cocain: — 


R Euphthalmin  1 part. 

Cocain 1 part. 

Water 100  parts. 


Mydrin,  a mixture  of  1 part  of  homatropin  and  100  parts  of  ephedrin, 
used  in  a 10  per  cent,  aqueous  solution,  causes  maximal  dilation  of  the 
pupil  in  about  thirty  minutes.  Its  effect  disappears  in  from  four  to  six 
hours  (Oliver).  It  lessens  the  power  of  accommodation  for  several  hours. 

Cocain,  used  in  5 per  cent,  solution,  dilates  the  pupil  widely  and  has 
little  effect  on  the  accommodation.  Jackson  states  that  it  bears  le/s  risk 
of  causing  glaucoma  than  is  the  case  with  other  mydriatics.  It  should 
be  used  30  to  50  minutes  prior  to  the  ophthalmoscopic  examination. 

Homatropin,  as  a mydriatic,  is  used  in  a 1-500  solution,  1 drop  being 
placed  in  the  conjunctival  sac  every  five  minutes  until  - 5 drops  have 

been  used.  Its  maximum  effect  on  the  pupil  is  noted  in  forty  to  fifty 
minutes,  and  is  increased  by  the  addition  of  cocain. 

Ephedrin,  an  alkaloid  obtained  from  the  Japanese  plant,  Ephedra 
vulgaris , if  used  in  a 2 per  cent,  solution  (2  d^ops),  will  cause  complete 
mydriasis  in  about  one  hour.  It  is  jest  used  in  combination  with 
homatropin. 

B.  CYCLOPLbuICS. 

Cycloplegics  are  drugs  which  paralyze  the  accommodation  for  a vary- 
ing period,  and  also  dilate  the  pupil.  They  are  used  for  two  chief  purposes : 
(1)  to  permit  the  thorough  testing  for  errors  of  refraction,  and  (2)  as 
therapeutic  agents  to  combat  inflammation.  The  cycloplegics  most  often 
used  are  homatropir  and  acropin.  Scopolamin  is  preferred  by  a few  oph- 
thalmic surgeons. 

Homatropin  used  in  the  form  of  the  hydrobromate,  is  a valuable  cyclo- 
plegic  and  will  bunice  in  the  majority  of  patients.  In  difficult  refraction 
cases,  and  in  patients  with  severe  symptoms  of  eye-strain,  and  particularly 
in  those  who  have  been  refracted  previously  without  relief,  the  author 
always  uses  atropin. 

A stable  homatropin  solution  has  been  devised  by  Kinney: — 


1$  Homatropin  hydrobromid  (H.  & La.  R.i) grains  v. 

Boric  acid  grains  v. 

Cocain  grains  vj. 

Water $ss. 


1 Without  wishing  to  make  comparisons,  the  author  prefers  the  homatropin  which 
is  sold  by  Messrs.  Hoffmann  & La  Roche,  of  New  York. 
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A drop  of  this  solution,  used  every  five  minutes  for  one  hour,  will 
produce  cycloplegia  in  most  patients.  The  proportions  given  above  are 
for  an  adult. 

Atropin  is  the  most  reliable  eycloplegic.  Generally  it  is  used  in  an 
aqueous  solution,  the  strength  varying  from  2 to  4 or  6 grains  to  the  ounce, 
according  to  the  age  of  the  patient  and  the  object  to  be  attained.  For 
testing  the  refraction  of  an  adult  the  usual  formula  is : 


R Atropin  sulphate  grains  iv. 

Water  


In  inflammatory  conditions,  iritis,  iridocyclitis,  etc.,  stronger  solutions 
(grains  vj-viij  to  1 ounce)  may  be  required.  In  children  and  in  delicate 
adults  the  weaker  solutions  are  to  be  used  with  due  care  (see  page  132). 
In  aged  persons  atropin  may  produce  severe  vesical  symptoms. 

In  some  persons  an  aqueous  solution  of  atropin  acts  as  an  irritant, 
producing  the  so-called  atropin  conjunctivitis,  characterized  by  photophobia, 
lacrimation,  swelling  of  the  eyelids,  and  a follicular  inflammation  of  the 
conjunctiva.  In  such  patients,  if  the- use  of  a eycloplegic  be  imperative, 
the  surgeon  should  employ  an  oily  solution  of  the  drug,  for  example . 


Atropin  (alkaloid)  grains  ij. 

Castor  oil 


Such  a solution  possesses  distinct  advantages:  (1)  it  can  be  m\  le 
aseptic  easily;  (2)  its  use  causes  little  or  not  any  irritation,  and  (3)  its 
action  is  more  prompt  and  more  powerful  than  is  that  of  an  aqueous 
solution. 

Scopolamin  is  a reliable  and  powerful  eycloplegic  whicl  may  produce 
grave  toxic  symptoms  (see  page  133).  Its  mydriatic  action  is  rapid,  1 
drop  of  a 1 : 480  solution  producing  maximal  dilation  of  the  pupil  in 
eighteen  minutes  (Oliver).  Complete  dilation  remains  for  from  twent}- 
four  to  forty-eight  hours,  and  the  pupil  returns  to  the  normal  size  in  about 
seventy-two  hours.  It  is  less  of  an  irritant  to  the  conjunctiva  than  is 
atropin. 

One  drop  of  a 1 : 480  solution  mod  ices  complete  ciliary  paralysis  in 
twenty-three  minutes  (Oliver),  and  this  condition  persists  for  from  twent\- 
four  to  thirty-six  hours,  full  return  of  the  accommodation  occurring  in  about 
ninety-six  hours.  As  has  been  stated  (page  391),  scopolamin  is  of  value 
in  certain  types  of  iritis. 

For  refraction  work  a much  weaker  solution  is  preferred : 

Scopolamin  hydrobromaie  grain  ss. 

Water &** 

Of  this  1 dro  > is  placed  in  the  outer  part  of  the  conjunctival  sac, 
followed  by  a second  or  a third  drop  at  intervals  of  five  or  ten  minutes. 
A dropper  with  a small  tip  should  be  used  lest  too  much  of  the  drug  be 
instilled.  Scopolamin  should  not  be  employed  in  the  very  young,  in  feeble 
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persons,  or  in  those  adnlts  who  have  a serious  organic  disease.  Its  only 
advantage  over  atropin  lies  in  the  brevity  of  its  effect  on  the  accom- 
modation. 

C.  MIOTICS. 

Drugs  which,  used  locally  in  the  eye,  cause  contraction  of  the  sphincter 
muscle  of  the  iris  are  known  as  miotics.  While  mydriatics  ofttimes  are 
employed  to  facilitate  an  examination  of  the  eye,  miotics  are  used  chiefly 
as  therapeutic  agents.  The  miotic  drugs,  like  the  mydriatics,  act  more 
promptly  on  the  iris  than  on  the  ciliary  muscle.  In  the  case  of  the  miotics 
the  effect  on  the  accommodation  ceases  sooner  than  that  on  the  pupil.  The 
action  of  miotics  is  much  less  prolonged  than  is  that  of  the  mydriatics. 
Hence,  as  a rule,  a pupil  contracted  by  eserin  can  be  dilated  with  atropin ; 
while  a pupil  dilated  by  the  recent  use  of  atropin  will  respond  but  slightly 
to  the  action  of  the  eserin. 

The  effect  which  miotics  exert  on  the  accommodation  comes  quickly 
after  the  beginning  of  the  miosis ; both  the  far  and  near  points  move  toward 
the  eye.  There  is  not  a loss  of  accommodation,  but  a change  in  its  ic.nge. 
If  used  in  strong  solutions,  miotics  will  cause  spasm  of  the  ciliary  muscle, 
with  severe  pain  in  the  eye  and  head. 

Miotics  are  used  for  the  following  purposes:  (1)  to  reduce  increased 
intra-ocular  tension;  (2)  to  prevent  or  to  correct  prolapse  of  the  iris  in 
simple  extraction  of  cataract,  or  in  accidental  wounds:  (3)  to  counteract 
the  effect  of  atropin  in  refraction  cases;  (4)  to  contract  the  pupil  and  to 
restore  the  accommodation  after  paralysis  frcm  disease  (diphtheria),  and 
(5)  to  prevent  perforation  and  stimulate  healing  in  marginal  ulcers  of 
the  cornea. 

Arecolin,  one  of  four  alkaloids  derived  from  the  betel-nut,  Areclia, 
catechu,  does  not  cause  conjunctiva'  i ritation  or  ciliary  spasm;  it  con- 
tracts the  pupil  more  rapidly  thm  ■'serin,  and  is  transient  in  its  effect. 
The  maximum  of  contraction  ^ec  within  fifteen  minutes  after  instilla- 
tion, and  lasts  for  thirty  minutes,  the  normal  diameter  of  the  pupil  being 
restored  in  from  seventy  to  ninety  minutes. 


R Arecolin  hydrobroimd grains  iv. 

Water  3j. 


Arecolin-Pov,nn.  (Merck)  is  a mixture  of  equal  parts  of  arecolin  hydro- 
bromid  and  ^hysostigmin  sulphate.  It  is  said  to  be  an  efficient  miotic. 

Pilocarpin  is  a valuable  miotic  which  stands  between  arecolin  and 
eserin  in  potency.  Contraction  of  the  pupil  begins  within  fifteen  minutes, 
reaches  its  maximum  in  from  thirty  to  forty-five  minutes,  and  disappears 
in  about  twenty-four  hours.  If  used  in  ordinary  strengths  (grains  j-v  to 
1 ounce)  it  causes  only  slight  irritation.  Jaarsma  studied  the  action  of 
pilocarpin  hydrochlorate  as  compared  with  eserin.  While  the  smallest  dose 
of  pilocarpin  capable  of  contracting  the  pupil  is  1 drop  of  a 1 : 400  solution, 
the  minimum  dose  of  eserin  is  1 drop  of  a 1 : 12,800  solution.  The  1 : 400 
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solution  of  pilocarpin  acts  on  the  accommodation,  whereas  eserin  requires 
a 1 : 800  solution  to  produce  accommodative  spasm  (Snellen).  The  strongest 
miosis  possible  by  pilocarpin  follows  the  use  of  a 4 per  cent,  solution. 
Spasm  of  the  accommodation  begins  in  fifteen  minutes  and  lasts  about  two 
and  one-half  hours. 

The  use  of  pilocarpin  in  glaucoma  has  been  mentioned  (see  page  575). 
For  ordinary  purposes  the  following  solution  will  suffice: — 


R Pilocarpin  nitrate grains  iv-vj. 

Water  Bj* 


Eserin,  which  is  regarded  as  the  standard  miotic,  is  the  most  powerful 
member  of  the  group  and  is  derived  from  the  seed  of  Physostigma 
venenosum.  The  sulphate  and  the  salicylate  are  commonly  used  in  aqueous 
solutions.  Because  of  its  irritant  effects  it  should  be  combined  with  cocain, 


as,  for  example : — 

R Eserin  sulphate  grain  j. 

Cocain  hydrochlorid grains  x. 

Water  Bj- 


The  combination  of  eserin  and  cocain  will  prevent  the  ocular  pain 
and  headache  which  often  follow  the  use  of  eserin  alone. 

If  this  prescription  should  not  be  well  borne  the  surgeon  may  use 


an  oily  solution: — 

R Physostigmin  grain  ss. 

Cocain  grains  x. 

Castor  oil 3iv. 

Almond  oil,  to  make Bj 


D.  ANESTHETICS. 

Cocain. — Since  1884  ophthalmic  surgery  has  been  rcbbcd  of  many  of 
its  terrors,  thanks  to  the  discovery  of  the  anesthetic  ^alue  of  cocain  by 
Dr.  Karl  Ivoller.  Of  the  numerous  salts  of  this  alkaloid  the  hydrochlorate 
is  preferred  and  is  used  in  aqueous  solutions  varying  from  2 to  10  per  cent, 
in  strength.  It  causes  moderate  mydriasis,  slight  cycloplegia,  desiccation, 
and  sometimes  exfoliation  of  the  corneal  ^piditlium,  reduction  of  the  intra- 
ocular tension,  anemia  of  the  conjunctive , co  nplete  anesthesia  of  the  cornea, 
partial  anesthesia  of  the  iris,  and  at  times  toxic  symptoms.  Its  toxic  effects 
are  shown  in  pallor  of  the  face,  weakness  of  the  pulse,  thickness  of  speech, 
and  even  in  loss  of  consciousness  They  can  be  counteracted  by  the  use  of 
alcohol,  nitrite  of  amyl,  or  strychnin. 

For  the  removal  of  foreign  bodies  from  the  cornea  a 4 per  cent,  solu- 
tion, 1 drop  every  three  minutes  for  a quarter  of  an  hour,  will  suffice. 
For  pterygium  operatic:;  s and  for  cataract  operations  in  which  iridectomy 
is  made,  the  arthoi  uses  a 10  per  cent,  solution,  although  many  surgeons 
perform  these  operations  under  a 5 per  cent,  solution.  An  iridectomy  for 
glaucoma  should  be  made  only  under  general  anesthesia,  except  in  the 
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presence  of  such  gross  cardiac,  pulmonary,  or  renal  lesions  as  would  make 
the  use  of  ether  or  chloroform  dangerous.  In  such  patients  the  operation 
may  be  attempted  under  a 10  per  cent,  solution  of  cocain,  aided  by  a drop 
or  two  of  a 1 : 1000  solution  of  adrenalin  chlorid.  In  operations  upon 
the  eyelids  (ptosis,  chalazion,  etc.,)  a 5 to  10  per  cent,  solution  of  cocain 
is  instilled  into  the  conjunctiva,  while  a weaker  solution  (%  to  1 per  cent.) 
is  injected  around  the  field  of  operation.  The  anesthetic  effect  passes 
off  in  fifteen  to  twenty  minutes.  Operations  for  strabismus  (tenotomy,  or 
advancement)  can  be  made  properly  under  cocain  anesthesia,  except  in  the 
case  of  young  subjects.  In  rare  instances  the  author  removes  the  eyeball 
under  local  anesthesia,  but  only  in  patients  in  whom  general  anesthesia 
would  endanger  life. 

Prior  to  operations  which  involve  the  opening  of  the  eyeball,  cocain 
solutions  should  be  boiled.  Several  substitutes  for  cocain  have  been  pro- 
posed, but  not  one  of  them  has  attained  a great  degree  of  popularity. 

Holocain,  a synthetic  product,  soluble  in  from  1 to  2 per  cent,  strengths, 
possesses  certain  advantages:  it  is  non-toxic;  it  does  not  dilate  the  pupil  or  affect 
the  cornea.  Unlike  cocain,  it  produces  hyperemia  of  the  conjunctiva.  Uoi^  'ain, 
however,  possesses  antiseptic  properties  and  can  be  used  safely  as  an  axA  esthetic  in 
corneal  ulcers.  Eucain  and  stovain  have  not  met  with  approval. 

Alypin , derived  from  glycerin,  is  used  in  2 to  4 per  cent,  strengths  and  is 
employed  by  a few  ophthalmic  surgeons.  Sydney  Stephenson  ust*  it  in  2 per  cent, 
strength  to  the  exclusion  of  other  local  anesthetics.  Alypin  dots  not  cause  mydriasis, 
increase  of  intra-ocular  tension,  paresis  of  the  accommodation  drying  of  the  corneal 
epithelium,  or  intoxication.  It  is  said  to  be  of  more  value  in  cataract  operations 
than  in  procedures  wiiich  involve  the  eyelids  and  recti  n.  usJes.  Among  other  local 
anesthetics  are:  eucain  “A”  and  “B”,  stovain  and  tiopococain 


E.  ANALGESICS. 

Agents  which  prevent  pain  are  termed  analgesics.  The  local  analgesics 
are  few  in  number,  and  for  practi  ;ai  purposes  the  list  includes  only  two — 
dionin  and  acoin.  Analgesics  are  not  only  always  anesthetics,  and 
vice  versa. 

Dionin,  the  most  poter  t of  analgesics,  is  a derivative  of  morphin  (ethyl- 
morphin  hydrochlorid  . It  is  not  only  an  analgesic,  but  it  is  also  a vaso- 
dilator and  lymphagogue.  Its  power  to  stimulate  the  vascular  and  lymphatic 
circulations  rendei  " it  of  great  value  in  the  treatment  of  a large  number 
of  ocular  disepser.  Dionin  is  used  preferably  in  an  aqueous  solution  (5 
to  10  per  cent,  oirength),  although  some  surgeons  employ  it  as  a powder 
or  as  an  ointment.  Also,  it  often  is  combined  with  other  remedies  (cocain, 
atropiiD,  in  the  treatment  of  iritis,  iridocyclitis,  interstitial  keratitis,  etc. 
(see  page  391). 

The  first  instillation  of  dionin  produces  such  startling  results  that 
it  will  be  advisable  for  the  surgeon  to  forewarn  the  patient.  It  causes 
a burning  sensation,  rapidly  followed  by  marked  chemosis  and  swelling  of 
the  eyelids.  These  symptoms  disappear  in  a few  hours.  The  greater  the 
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amount  of  reaction,  the  more  lasting  will  be  its  analgesic  effect.  Ordi- 
narily, its  use  should  be  preceded  by  the  instillation  of  a few  drops  of 
cocain  (5  per  cent,  solution). 

Dionin  increases  the  action  of  mydriatics,  and  is  of  value  in  clearing 
recent  opacities  of  the  cornea.  In  glaucoma  and  in  iritis  it  is  an  accepted 
analgesic.  Perhaps  it  is  not  too  much  to  say  for  it,  that  dionin  is  the 
most  valuable  addition  that  has  been  made  to  ophthalmic  therapeutics  since 
the  discovery  of  cocain. 

Acoin,  a synthetic  drug,  is  inferior  to  cocain  as  an  anesthetic,  but 
is  useful  as  an  analgesic.  Employed  in  a 1:300  strength,  it  gives  prompt 
but  superficial  anesthesia,  with  more  irritation  than  is  produced  by  cocain. 
It  is  said  to  have  no  influence  on  the  pupil,  the  accommodation,  the  intra- 
ocular tension,  or  the  corneal  epithelium.  Yon  Pflugk  advises  a 1 per  cent, 
acoin-oil  solution  for  prolonged  analgesia.  As  a collyrium  acoin  has  not  met 
with  favor. 

As  an  analgesic  in  subconjunctival  injections  acoin  has  a recognized 
value.  The  addition  of  a few  drops  of  a 1 per  cent,  acoin  solution  to 
twice  the  amount  of  the  drug  to  be  employed  will  render  the  subconjunctival 
injection  practically  painless.  For  example: — 

B Acoin  grains  iiss. 

Sodium  chlorid grains  ij. 

Water  3iv. 

Of  this,  10  or  15  drops  are  used.  Acoin  may  be  combined  also  with 
cyanid  of  mercury,  bichlorid  of  mercury,  iodid  of  potassium,  etc.  Bru- 
netiere  advises  the  subconjunctival  injection  of  acoin,  shortly  bef<  re  the 
use  of  the  active  remedy.  Darier  states  that  the  addition  of  a one-third 
part  of  a 1 per  cent,  solution  of  acoin  to  two-thirds  of  a 20  or  50  per  cent, 
solution  of  sodium  chlorid  will  prevent  the  atrocious  pain  which  otherwise 
would  attend  the  injection. 

Brunetiere’s  studies  of  acoin  are  worthy  of  notice.  He  found  this 
agent  unstable  and  forming  precipitates  with  most  solutions  commonly 
employed  in  subconjunctival  injections.  With  biniodid  and  perchlorid  of 
mercury  it  formed  heavy  precipitates;  wicn  chlorid  of  sodium  and  iodid 
of  potassium  the  precipitation  was  le^s.  Yvith  cyanid  of  mercury  no  re- 
action was  noticed.  These  chemical  changes  lessen  the  analgesic  effect 
of  acoin. 


F.  VAS  CONSTRICTORS. 


Adrenalin,  a crystalline  substance  derived  from  the  suprarenal  body 
of  the  ox,  is  used  in  1 : 1OQ0  lo  1 : 5000  solutions  (adrenalin  chlorid)  to  which 
a minute  quantity  of  chlureton  is  added  for  its  preserving  effect.  Even 
in  weak  solutions  adrenalin  produces  a rapid  and  marked  blanching  of 
the  conjunctival  an^  palpebral  vessels.  It  is  often  employed  as  an  adjuvant 
to  cocain  in  strabismus  operations,  and  some  surgeons  use  the  cocain- 
adrenalin  solution  in  glaucoma  operations.  Adrenalin  is  practically  with- 
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out  value  in  the  treatment  of  ocular  inflammations.  Its  therapeutic  uses 
have  been  mentioned  elsewhere  in  this  treatise  (see  pages  255,  585,  755). 

Some  few  surgeons  have  attributed  intra-ocular  hemorrhage  and  out- 
breaks of  glaucoma  to  it,  while  others  have  noted  severe  post-operative 
hemorrhage  following  its  use. 


G.  STIMULANTS. 

Among  the  most  reliable  of  ophthalmic  remedies  are  certain  agents 
which  may  be  classed  as  stimulants,  astringents,  irritants,  or  caustics,  ac- 
cording to  their  strength. 

Silver  Nitrate,  used  in  solution,  is  our  most  valued  remedy  in  catarrhal 
and  purulent  conjunctivitis,  and  is  also  employed  in  the  treatment  of 
trachoma.  The  strength  of  the  solution  will  vary  from  1 to  10  grains  to 
the  ounce.  The  stronger  solution  is  used  in  the  eyes  of  the  newborn  as  a 
prophylactic  (method  of  Crede)  as  well  as  in  gonococcus  conjunctivitis. 
Numerous  substitutes  for  silver  nitrate  have  been  heralded  within  the  last 
ten  years,  but  not  one  of  them  possesses  the  value  of  the  origins  1 prep*  ra- 
tion. Practically  their  only  claim  rests  on  the  fact  that  they  do  not  cause 
pain.  Silver  solutions  should  be  prepared  with  distilled  wate^  ond  should 
be  placed  in  dark-glass  bottles.  The  remedy  can  be  dropped  upon  the 
everted  eyelid,  or,  better,  applied  by  means  of  a cotton  ,’>wab.  A few  drops 
of  cocain  nitrate  (5  per  cent.)  may  be  instilled  shortly  before;  the  lids 
are  everted  and  the  conjunctiva  is  dried  with  cotton;  the  swab  soaked  in 
the  silver  solution  is  then  placed  on  the  evertea  lid  *.  This  plan  will  enable 
the  surgeon  to  use  the  silver  with  little  di^omfort  to  the  patient.  Long- 
continued  use  of  any  silver  preparation  is  lik  sly  to  cause  argyrosis. 

Argyrol,  silver  vitellin,  a proteid  salt  containing  20  to  25  per  cent, 
of  the  metal,  is  much  used  in  solutions  varying  from  5 to  30  per  cent,  in 
strength.  Its  popularity  appear:3  be  based  chiefly  on  its  non-irritant 
qualities.  Protargol,  a combination  of  silver  with  albumin,  has  not  given 
satisfaction  in  the  author’s  practice.  Collargol , an  allotropic  form  of  silver, 
is  used  in  solution  (5  per  cent.),  in  ointment,  or  in  gelatin  discs,  and  is 
employed  in  infected  r?  leers  of  the  cornea.  It  is  the  chief  ingredient  of 
Crede’s  ointment  (eollargol  15,  water  5,  white  wax  10,  and  benzoated 
lard  70  parts)  which  some  surgeons  use  in  recent  accidental  wounds  of 
the  cornea.  Rams ay  employs  collargol  in  gelatin  wafers  containing  10  per 
cent,  of  the  drug,  and  claims  for  it  “a  wonderful  power  in  clearing  up 
recent  opacities  of  the  cornea,  whether  these  be  due  to  injury  or  to  disease.” 

Jeqairity,  which  is  applied  to  the  conjunctiva  in  obstinate  cases  of 
trachoma  with  pannus,  is  used  in  an  infusion  (Ramsey) : — 


Jequirity  seeds 3 parts. 

Cold  distilled  water 500  parts. 

Macerate  for  twenty-four  hours,  then  add  boiling  water 500  parts. 

Filter  when  cold. 


NOTES  ON  OCULAR  THERAPEUTICS- 


875 


Brushed  upon  the  everted  upper  eyelid  once  a day,  for  two  or  three 
days,  this  agent  produces  a purulent  or  a croupous  inflammation  which 
runs  a sharp  but  short  course,  leaving  the  pannus  much  improved.  As 
a rule,  there  is  severe  pain,  great  swelling  of  the  eyelids  and  conjunctiva, 
with  a rise  of  temperature  and  a rapid  pulse.  Iced  compresses  should  be 
applied  during  this  period.  If  used  with  care  the  remedy  is  a safe  one: 
in  rare  instances,  however,  it  has  caused  ulceration  of  the  cornea  and  even 
loss  of  the  eye.  Small  superficial  corneal  ulcers  are  at  times  seen  to  follow 
its  use  without  serious  results.  In  favorable  cases  the  effect  of  the  remedy 
is  markedly  beneficial.  Swanzy  advises  that  there  be  an  interval  of  twenty- 
four  hours  between  the  applications.  Some  surgeons,  in  place  of  using  the 
infusion,  dust  the  finely  powdered  drug  into  the  conjunctival  sac.  Jequirity 
is  of  value  only  in  chronic  trachoma  with  dense  pannus. 

Copper,  in  the  form  of  a stick  of  the  sulphate,  has  been  used  for  a long 
period  in  the  treatment  of  trachoma  (page  283),  hut  is. rarely  employed 
at  the  present  time.  With  the  advent  of  surgical  measures  (expression, 
etc.)  in  the  treatment  of  trachoma  and,  the  discovery  of  cuprol  and  cuproci- 
trol,  the  need  for  the  bluestone  has  been  lessened. 

Cuprol copper  nucleoid,  an  organic  compound  of  copper  containing 
about  6 per  cent,  of  metallic  copper,  is  used  in  10  per  cent,  solutions  to 
which  0.5  per  cent,  of  chloreton  is  added.  Slight  pain  attends  the  instilla- 
tion. It  is  used  in  catarrhal  conjunctivitis  and  in  trachoma,  but  has  not 
given  satisfaction  in  the  author’s  practice. 

Cuprocitrol , citrate  of  copper,  used  in  the  form  of  an  ointmtou  (10 
parts  of  copper  citrate  to  90  parts  of  petrolatum)  is  a useful  remedy  in 
granular  conjunctivitis. 

Zinc,  which  furnishes  numerous  salts,  is  employed  in  ophthalmology 
chiefly  in  the  form  of  the  sulphate  in  1 : 500  solution; , md  is  a specific 
for  the  diplococcus  conjunctivitis  of  Morax-Axenfe1  J (page  256). 

H.  MISCELLANEOUS  SOLUTES. 

Fluorescin  is  used  as  an  aid  to  the  diagnosis  of  ulcers  of  the  cornea 
(see  pages  93,  314).  A standard  solution  if  : — 


R Fluorescin grains  x. 

Sodium  bicarbonate  grains  xv. 

Water 3j. 


Pilocarpin,  used  as  a diaphoretic  in  retinal  and  chorioidal  diseases,  is 
best  employed  hypodermatic  ally — from  2 to  10  drops  of: — 


R Pilocarpin  hydrochlomtu grains  ij. 

Water  3j. 


The  patient  should  be  put  to  bed  and  be  kept  warmly  wrapped  for 
several  hours.  Hot  lemonade  may  be  given  to  promote  diaphoresis. 
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I.  OINTMENTS. 

These  soft,  fatty  solids  are  expected  to  liquefy  at  the  temperature  of 
the  body.  They  are  of  use  where  a mild  and  continued  effect  is  desired. 
Among  the  most  popular  ointments  are  the  following : — 

Atropin  and  Cocain. 

R Atropin  sulphate  grains  iv. 

Cocain  hydrochlorid  grains  x. 

Vaselin  |j. 

This  is  useful  in  phlyctenular  keratitis. 

Eserin  and  Cocain. 

R Physostigmin  grain  %. 

Cocain  grains  x. 

Vaselin  gj. 

Used  in  marginal  ulcers  of  the  cornea,  to  restore  the  power  of  accom- 
modation after  the  use  of  atropin,  or  in  diphtheritic  paralysis  of  the 
accommodation. 

Ammoniated  Mercury. 

R Hydrargyri  ammoniati  1 grains  viij. 

Vaselini  albi  pur 

M. 

Used  in  blepharitis  marginalis  and  in  mild  :a;°o  of  conjunctivitis. 

Yellow  Oxid  of  Mercury  (No.  1). 

R Hydrargyri  oxidi  flavi  grains  viij. 

Vaselini  albi  pur £j. 

M. 

This  is  used  in  cases  of  phlyctenular  conjunctivitis  and  keratitis. 

Yellow  Oxid  of  Mercmv  (No.  2). 

R Hydrargyri  oxid'  fltvi  grains  xvj. 

Vaselini  albi  pur *j. 

M. 

This  (Pagemtucher’s)  ointment  is  much  used  in  cases  of  phlyctenular 
keratitis. 


APPENDIX. 


DECENTRATION  OF  LENSES. 

As  a rule  the  optical  (geometrical)  centres  of  lenses  should  coincide 
with  the  interpupillary  distance.  Whenever  the  eye  looks  through  a part 
of  a lens  outside  the  optical  centre,  the  elfect  is  that  of  a prism  with  its 
base  at  the  thickest  part  of  the  lens.  If  the  muscle-balance  is  normal,  the 
wearing  of  decentered  lenses  may  cause  asthenopia.  In  the'  functional 
position  of  rest  (page  73)  the  lines  of  vision  are  parallel,  and  the  visual 
planes  are  horizontal.  It  is  customary  to  regard  the  normal  position  for 
glasses  as  that  in  which,  with  the  eyes  looking  at  a distant  object,  the 
visual  axes  correspond  in  position  with  the  principal  axes  of  the  lenses; 
and  both  coincide  with  the  geometric  centres  of  the  glasses.  It  is  evident, 
however,  that  glasses  accurately  adjusted  for  distant  vision  will  not  be 
centered  properly  when  used  for  reading — since,  in  near  work,  the  visual 
axes  converge. 

Why  Lenses  are  Decentered. — In  the  treatment  of  esoplioria  and  of 
exophoria,  not  only  should  the  error  of  refraction  be  corrected,  local  ocular 
and  nasal  diseases  be  treated,  and  attention  be  given  to  the  general  health : 
but,  in  addition  thereto,  the  wearing  of  prisms  often  is  required,  " no 
addition  of  a prism  to  a spheric  or  to  a sphero-cylindric  corro  tioi.  Is 
expensive,  since  such  lenses  must  be  specially  ground.  If,  however,  the 
ametropia  requires  fairly  strong  lenses  for  its  correction,  and  tho  prism- 
effect  desired  is  of  small  degree,  the  result  may  be  obtained  Jv  less  cost 
by  decentering  the  glasses.  Furthermore,  such  lenses  pro  of  less  weight 
than  ordinary  prisms. 

Methods  of  Decentration. — Lenses  may  be  d^eou^red  either  laterally 
or  vertically  in  order  to  relieve  imbalance  of  duo  ocular  muscles,  while 
also  serving  to  correct  errors  of  refraction.  This  may  be  done  in  one  of 
two  ways:  (1)  by  displacing  the  spectacle  lei^  outward  or  inward  relative 
to  the  interpupillary  distance;  or,  (2;  hy1  actually  decentering  the  glass 
in  its  rim.  The  latter  method  is  preferred  for  cosmetic  reasons.  The 
effect  of  the  first  method  is  shown  in  Fig.  446,  and  that  of  the  second  in 
Fig.  447. 

The  prism  strength  increases  as  the  used  part  of  the  lens  deviates 
from  the  optical  centre.  Pmce,  by  decentration,  “any  desired  prismatic 
effect  can  be  obtained  up  *o  die,  limits  of  the  strength  of  the  lens  and  the 
size  of  the  glasses”  (Jackson).  The  greater  the  removal,  the  greater  will 
be  the  effect  ; an  j tiie  stronger  the  lens,  the  less  decentration  needed  to 
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secure  the  desired  prismatic  result.  Such  out-of-centre  lenses  are  called 
prismospheres. 

Effect  of  Decentering. — Decentering  of  a convex  lens  inward , or  of  a 
concave  one  outward , gives  the  effect  of  a prism  with  its  base  toward  the 
nose  (base  in).  Dec-entering  of  a convex  lens  outward,  or  of  a concave  one 
inward,  will  give  the  effect  of  a prism  with  its  base  toward  the  temple 
(base  out).  Decentering  of  a convex  lens  upward,  or  of  a concave  one 
downward,  gives  the  effect  of  a prism  with  its  base  upward.  If  a cylindric 
lens  be  decentered  in  a direction  at  right  angles  to  its  axis,  the  result  is 
like  that  of  decentering  a spheric  lens. 


Fig.  446. — Prismatic  effect  of  de- 
centration  of  lenses.  ( Swanzy  and 
Werner,  “Diseases  of  the  Eye,”  H.  K. 
Lewis  & Co.,  publishers,  London.) 

A— B and  C—D  represent  the  visual  axes. 


Fig.  447  — Decentration  of  a lens  by 
cutting  out  a oortion  of  it.  (Swanzy 
and  We.'nf  .,  “Diseases  of  the  Eye,”  H. 
K.  Lvwis  & Co.,  publishers,  London.) 


How  to  Find  the  Amount  of  l'cc<  ntering  Needed  to  Obtain  a Given 
Prism-effect  in  a Given  Lens. — L working  formula  for  the  decentering  of 
lenses  has  been  furnished  by  To1  den,1  as  follows: — 

P X 8.7 

M = 

D 

in  which  M is  the  number  of  millimetres  of  decentering  required  to  give 
to  a lens,  D,  of  a certain  strength,  the  effect  of  a prism,  P,  of  a required 
value.  He  ?h'jo : “For  the  effect  of  any  prism,  multiply  8.7  millimetres2 
by  the  n ember  of  that  prism,  and  for  any  lens  divide  this  product  by  the 
. liumhei  of  dioptres  of  the  lens.”  This  formula  is  based  on  the  fact  that 
a lens  of  1 D.  strength  must  be  decentered  8.7  millimetres  to  produce  the 
'me' t of  a 1°  prism. 

For  example,  suppose  that  with  a — I D.  lens  we  wish  to  obtain  the 
effect  of  a 3°  prism:  The  formula  would  be  as  follows: — 


1 Holden:  Archives  of  Ophthalmology,  Jan.,  1891,  vol.  xx,  pp.  1-25. 

2 For  practical  use  9 may  be  used  in  place  of  8.7. 
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8.7  X 3 ==  20. 1 

= 6.5  millimetres; 

4 4 

hence,  such  a lens  would  need  to  be  decentered  inward  6.5  millimetres. 

Limitations. — In  actual  practice  it  has  been  found  that  the  amount  of 
lateral  decentering  is  limited  to  from  2 to  4 millimetres,  depending  on  the 
size  of  the  glass  used.  Vertical  decentration  admits  of  a wider  range. 

Methods. — Two  methods  of  decentration  are  in  use : — 

1.  The  lenses  (in  spectacle  frames)  may  be  so  placed  that  their  optical 
centres  are  external  or  internal  to  the  pupillary  space;  or, 

2.  The  lens  may  be  so  ground  that  its  optical  centre  is  not  its  geomet- 
rical centre.  Practically  this  result  is  obtained  by  grinding  the  lens  in 
the  ordinary  manner,  after  which  a piece  is  cut  away  prior  to  the  mounting 
of  the  lens  in  a frame. 

Decentering  of  Lenses  for  Near  Work. — Since  in  near  work  the  visual 
lines  are  converged  and  directed  downward,  the  centres  of  the  glasses 
should  be  decentered  inward  about  3 millimetres  and  lowered  to  the  same 
extent.  Also,  the  lenses  should  be  tilted  forward  about  10°,  so  that  the 
visual  lines  may  strike  them  perpendicularly  in  their  centres. 

TOTI’S  OPERATION  OR  DACRYOCYSTO-RH  INOSTOMY. 

Since  the  time  of  Celsus  and  Paul  of  iEgina,  surgeons  have  strive:  to 
divert  the  drainage  of  the  lacrimal  secretions  from  the  nasal  duct  tl  ro»  igh 
an  artificial  bony  opening,  directly  from  the  tear  sac  into  the  nar,J  cavity, 
or  even  into  the  maxillary  sinus.  But  the  opening  would  ne:e,  remain 
patent  until  Toti  tried  it.  It  seems  to  have  been  reserved  for  him  to 
devise  a measure  by  which  the  object  is  often  attained. 

In  most  instances  local  anesthesia  is  used,  i.e.,  a few  n.c.  of  2 per  cent, 
novocain  with  3 or  4 drops  of  adrenalin  1:  1000  are  kr'ected  into  the  parts 
affected  by  the  incision,  and  20  per  cent,  cocain  sontion  is  applied  to  the 
middle  meatus.  Other  surgeons  who  have  pc:  firmed  the  operation  are 
divided  between  local  anesthesia  and  narcosis.  Whatever  intervention  is 
demanded  by  the  adjacent  nasal  cavity  should  precede  the  lacrimal 
operation. 

An  incision,  describing  almost  ° semicircle,  is  made  surrounding  and 
concentric  with  the  inner  commVure  of  the  lids.  It  should  be  at  least 
3 cm.  long,  and  in  the  mah.  run  parallel  with  the  ocular  rim.  At  its 
middle  it  lies  about  3 unu.  tc  the  inner  side  of  the  insertion  of  the  tendo 
oculi.  It  is  kept  perpemlkadar  to  the  bone,  and  includes  all  the  soft  parts 
dowm  to  the  periosteum.  The  last  is  then  incised  from  the  brink  of  the 
orbital  rim,  jusL  anterior  to  the  anterior  lacrimal  crest,  curving  in  the 
same  way  around  iiie  canthal  ligament,  thence  up  and  back  and  out  to 
again  reach  ti.e  jrink  of  the  orbital  rim,  along  which  it  runs  till  this  ridge 
disappear  m the  orbital  process  of  the  frontal  bone.  The  posterior  (or 
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external)  lip  of  this  incision,  together  with  all  that  is  attached  to  it  is 
raised,  the  loosening  extending  to  the  entire  lacrimal  fossa.  The  bone 
resection  is  begun  along  the  undetached  lip  of  the  periosteal  incision.  It 
is  not  necessary  that  it  should  extend  as  far  back  as  the  posterior  extremity 
of  the  cut  in  the  periosteum,  but  it  is  important  that  it  include  all  that 
portion  of  the  superior  maxilla,  comprising  the  anterior  lacrimal  crest, 
the  inferonasal  rim  of  the  orbit,  and  the  anterior  half  of  the  lacrimal 
fossa,  which  is  composed  of  the  rising  process  of  the  superior  maxilla.  To 


Fig.  448. — Anatomy  of  th  .arts  concerned  in  Toti’s 
operation.  after  Toti.) 

1,  Section  of  nasal  bone.  2,  i _n  icosa.  3,  Suture  between  the  nasal  bone 
and  the  superior  maxilla  (front  1 If,  Outer  surface  of  the  frontal  process. 

5,  6,  Resection  line  of  the  su*  ei  or  maxillary  frontal  process.  7,  Insertion  of  the 
internal  canthal  ligament.  8 *.  n^rior  lacrimal  crest.  9,  Central  portion  of  piece  of 
bone  to  be  resected,  jc,  Ai  ter’  jr  outline  of  posterior  sac-wall  to  be  resected.  11, 
Anterior  outline  of  na  al  m \cosa  to  be  resected.  12,  Sac-cavity.  13,  Anterior  sac- 
wall  with  common  orifk0  r*  canaliculi.  lit,  Posterior  sac-wall.  15,  Suture  between 
superior  maxilla  (f^ntal  process)  and  lacrimal  bone  at  base  of  lacrimal  fossa.  16, 
Posterior  outline  o.'  *n  > sac-wall  resection.  17,  Posterior  outline  of  nasal  mucosa  to 
be  resected.  13  K -'Section  line  of  lacrimal  bone  at  base  of  posterior  lacrimal  crest. 
19,  Suture  bet  veej  the  lacrimal  boner  and  os  planum.  20,  Section  of  os  planum.  21, 
Posterior  hcJiLai  crest. 


remote  tn*  portion  of  this  fossa  which  is  formed  by  the  lacrimal  bone 
will  often  lead  into  an  ethmoid  cell.  If  one  of  these  cells  is  uncovered  It 
nit*y  be  resected.  The  bone  resection  is  carried  down  posteriorly  to  the 
junction  of  the  posterior  lacrimal  crest  and  the  rim  of  the  nasal  duct;  and 
anteriorly  as  well  into  this  duct  as  practicable,  care  being  taken,  all  the 
while,  not  to  break  through  into  the  nose  and  wound  its  mucosa.  After 
drying  the  cavity,  the  mesial  half  of  the  lacrimal  sac  is  resected,  and  a 
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corresponding  section  of  the  nasal  mucosa,  likewise.  To  facilitate  the 
last  a probe  or  carrier,  with  a ball  of  cotton  wound  on  it,  is  passed  into  the 
middle  meatus,  the  membrane  is  pushed  out  into  the  bone  opening,  when  it 
is  excised  with  the  point  of  a knife.  Before  proceeding  further  an  anti- 
septic tampon  is  packed  in  the  meatus  in  such  a way  as  to  hold  the  edges 
of  the  mucous  opening  in  close  contact  with  those  of  the  bony  one.  The 
wound  is  then  closed  with  interrupted  sutures,  and  the  usual  dressing 
applied,  taking  the  precaution  to  build  the  pad  of  cotton  so  extra  pressure 
will  be  exerted  immediately  over  the  site  of  the  new  opening. 

Since  the  sole  aim  and  end  of  the  operation  is  the  relief  of  trouble- 
some epiphora,  unless  the  function  of  the  lacrimal  canal,  from  the  con- 
junctiva to  and  into  the  sac  is  undisturbed,  the  measure  will  avail  nothing. 
If  one  of  the  canaliculi  has  been  slit,  e.g.,  or  there  is  eversion  of  the  lower 
punctum,  the  operation  is  contraindicated.  Another  bar  to  the  operation  is 
chronic  and  progressive  disease  of  the  adjoining  nasal  cavity.  When  done 
in  cases  of  suppuration  of  the  canal  it  does  not  remove  the  danger  of 
infection  of  the  cornea  that  may  arise  from  this  source.  As  to  the  relief 
of  epiphora,  this  occurs,  according  to  Fuchs,  in  probably  50  per  cent,  of  the 
cases.  All  in  all,  then,  the  procedure  is  somewhat  complicated. 


TRANSPOSITION  OF  LENSES. 

In  mixed  astigmatism,  and  in  myopic  astigmatism  in  presbyopes  re 
have  to  deal  with  the  transposition  of  lenses.  And  this  important  mtUer 
should  not  be  left  to  the  whim  of  the  optician  who  grinds  the  giants 

Where  there  is  mixed  astigmatism  in  one  eye  only,  wheu  >Te  hanspose 
a cross-cylinder  into  a sphero-cylinder,  wre  should  pay  some  regard  to  the 
axis  of  the  cylinder  in  the  other  eye,  if  astigmatism  of  c;  simple  or  com- 
pound nature  is  present,  a point  which  will  be  illustrated  by  cases  to 
follow. 

In  small  and  moderate  degrees  of  astigm?  turn,  instead  of  giving  a 
cross-cylinder,  a sphero-cylinder  is  most  'vften  tc  be  preferred,  for  the 
reason  that  it  is  a cheaper  glass  than  the  crest  cylinder  and  just  as  service- 
able. But  in  high  degrees  of  mixed  ^tigrratism  cross-cylinders  are  to  be 
preferred  to  sphero-cylinders,  because  thfy  give  a broader  field  of  vision. 

The  method  of  converting  Cxoss-cylinders  into  sphero-cylinders  is  a 
very  simple  one.  We  will  giv*  c'  concrete  case  in  order  to  illustrate  the 
more  plainly.  Take  the  following  case  in  which  the  patient  accepted  in 
each  eye  — ID.  cyl.,  180°  C + 2 D.  cyl.,  90°.  To  convert  this  into  a 
sphero-cylinder  (minu.;  sphere  with  a pins  cylinder)  give  a — 1 D.  sphere 
in  place  of  — 1 D.  cyl.,  then  transpose  1 D.  to  the  opposite  side  of  the 
equation,  changing  ti  e sign  with  the  transposition,  and  add  this  amount 
(1  D.)  to  th^  + 2 D.  cvl.,  which  would  give  + 3 D.  cyl.,  90°,  the  axis 
of  the  plus  cyli  nder  remaining  unchanged.  The  transposed  glass  is  written 
thus:  - • 1 D.  ^ 3 D.  cyl.,  90°.  To  convert  this  same  cross-cylinder 
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into  a sphero-cylinder  (plus  sphere  with  a minus  cylinder)  give  a + 2 D. 
sphere  in  place  of  the  — 2D.  cyl.,  then  transpose  -f-  2 D.  to  the  opposite 
side  of  the  equation,  changing  the  sign  in  the  transposition  and  add  this 
amount  (2  I).)  to  the  — ID.  cyl.,  which  would  give  — 3D.  cyl.,  180°. 
the  axis  of  the  minus  cylinder  remaining  unchanged.  The  transposed  glass 
is  written  thus:  + 2 D.  C — 3 D.  cyl.,  180°. 

In  other  words,  when  we  wish  to  convert  a cross-cylinder  into  a sphero- 
cv Under  (a  plus  sphere  with  a muius  cylinder),  all  that  is  necessary  to 
do  is  to  give  in  place  of  the  plus  cylinder  a plus  sphere  of  equal  strength, 
then  add  this  amount  to  the  strength  of  the  minus  cylinder,  leaving  its  axis 
unchanged.  If  vc  wish  to  convert  it  into  a sphero-cvlinder  (minus  sphere 


90° 


C 


Fig.  449. — Illustrating  how  crr  sAy.inders  and  sphero -cylinder 9 
correct  the  sanu.  en  ir  of  refraction. 

A,  Front  view  of  cor~»et  /?.  Section  view  of  vertical  meridian. 

C,  Section  nt  v of  horizontal  meridian. 

with  a plus  cylinder),  ill  that  is  necessary  is  ‘to  give  in  place  of  the  minus 
cylinder  a minus  sphere  of  equal  strength,  and  add  this  amount  to  the 
plus  cylinder,  leaW,:^  Its  axis  unchanged. 

A glance  a Dig.  449  shows  how  each  of  the  three  glasses: — 

A.  — 1 D.  cyl.,  180°  C + 2D.  cyl.,  90° 

B.  - 1 h.  C + 3 D.  cyl.,  90° 

C.  L3  D.C-3D.  cyl.,  180° 

wh-v-h  are  the  cross-cylinder  and  the  sphero-cylinders  into  which  it  is 
ciptblf  of  being  converted,  can  correct  the  mixed  astigmatism  in  the 
given  case. 

B ith  glass  A,  the  — • 1 D. . cyl.,  180°  corrects  the  myopia  at  90° 
(cylinders  always  acting  at  right  angles  to  their  axes),  while  the  + 2 D. 
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cyl.,  90°  corrects  the  hypermetropia  at  180° ; thus  the  eye  is  rendered 
emmetropic  or  corrected. 

With  glass  B,  the  — ID.  corrects  the  myopia  at  90°,  but  since 
it  acts  in  its  whole  cricumference  it  makes  the  hypermetropia  worse  to  that 
extent  (1  D.)  in  the  meridian  at  180°;  consequently  that  amount  has  to 
be  added  to  the  + 2 D.  cyl.,  making  it  + 3 D.  cyl.,  90°. 

With  glass  C,  the  + 2 D.  corrects  the  hypermetropia  at  180°; 
but  here  again,  since  it  acts  in  its  entire  circumference,  it  makes  the 
myopia  worse  to  that  extent  at  90°  ; therefore  that  amount  has  to  be  added 
to  the  — 'ID.  cyl.,  making  it  — 3 D.  cyl.,  180°. 

As  a rule,  when  converting  cross-cylinders  into  sphero-cylinders,  the 
weaker  cylinder  should  be  converted  into  the  sphere  and  the  same  amount 
added  to  the  stronger  cylinder;  because  such  a combination  makes  a lighter 
glass  than  where  the  stronger  cylinder  is  converted  into  a sphere  and  the 
weaker  cylinder  added  to  it.  However,  in  making  a choice,  as  stated  above, 
where  mixed  astigmatism  obtains  but  in  one  eye,  some  regard  must  be  had 
to  the  opposite  eye  if  astigmatism  of  a simple  or  compound  nature  is 
present  in  that  eye.  To  take  an  example : R.  E.  + 3 D.  cyl.,  90°  3 — 1 D. 
cyl.,  180°;  L.  E.  + 3 D.  cyl.,  90°.  If  the  cross-cylinder  in  the  right  is 
converted  into  a sphero-cylinder  it  should  be  — 1 D.  3 — 4 D.  cyl.,  90°, 
rather  than  into  + 3 D.  C — 4 D.  cyl.,  180°,  and  for  two  good  reasons: 
First,  it  is  a lighter  glass;  second,  the  axis  of  the  cylinder  in  the  trans- 
posed glass  corresponds  with  that  of  the  simple  cylinder;  and  this  1? ap- 
point is  of  much  practical  importance.  It  is  difficult  for  a patiem  to 
become  accustomed  to  glasses  with  plus  cylinder  in  one  eye  with  its  exis  at 
right  angle  to  that  of  a minus  cylinder  in  the  opposite  eye.  should 

the  above  cross-cylinder  be  transposed  into  a sphero-cylinder  (plus  sphere 
with  a minus  cylinder),  e.g.,  +3  D.  3 — 4 D«  cyl.,  180°  euch  a condition 
would  obtain.  Such  a combination  should  not  be  made. 

Take  another  case:  Say  the  patient  accepts  i\  E.  -f-  3 D.  cyl., 
90°  ^ — i d.  cyl.,  180°;  L.  E.  — 4 D.  cyl.,  : 80°.  Here,  if  the  cross- 
cylinder in  the  right  eye  is  transposed  at  a]l,  io  should,  be  converted  into 
a plus  sphere  with  a minus  cylinder,  to  wif  -+  3 D.  C — 4 D.  cyl.,  180° ; 
so  that  the  axis  of  the  cylinder  would  corr^pond  in  direction  with  that  in 
the  left  eye.  This  transposition,  however,  would  make  a rather  heavy 
glass,  and  it  would  be  better  in  this  ffistance  to  give  a cross-cylinder  in  the 
right  eye,  as  it  would  be  a lighter  glass  and  with  a wider  field  than  it 
would  have  if  converted  into  the  heavy  plus  sphero-cylinder. 

For  the  transposition  ot  glasses  in  myopic  astigmatism  in  preshyopes 
the  same  rules  obtain  a"  i.u  mixed  astigmatism.  A case  or  two  will  suffice 
to  make  the  matter  plain.  For  example,  we  will  assume  the  patient  to  be 
45  years  of  age  a^d  to  iccept  — 2D.  cyl.,  180°  in  each  eye  for  the  distance. 
Proceeding  on  the  basis  of  giving  + 1 D.  for  every  five  years  after  40 
years  of  age  +r  correct  the  presbyopia,  this  patient  should  accept  as  a 
reading  ^lacc  +1  D.  C — 2 D.  cvl.;  180°.  This  glass  is  in  effect  the 
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same  as  a cross-cylinder  of  -f-  1 D.  cyl.,  90°  3 — 1 D.  cyl.,  180°.  In  as 
weak  a glass  as  this  perhaps  it  would  be  better  to  have  it  as  a sphero- 
cylinder. 

At  50  years  of  age  the  above  patient  would  accept  + 2 D.  3 — % D. 
cyl.,  180°  as  a reading  glass,  and  this  in  etfect  is  a simple  cylinder  -f-  2 D. 
cyl.,  90°,  which  should  be  given  in  place  of  the  heavy  and  expensive  sphero- 
cylinder.  At  50  years  of  age  the  2 D.  of  myopic  astigmatism  in  the  ver- 
tical meridian  is  just  neutralized  by  the  2 D.  of  presbyopia,  while  the 
emmetropic  horizontal  meridian  is  rendered  2 D.  presbyopic  (or  hyper- 
metropic in  effect)  and  requires  the  + 2 D.  cyl.,  90°  to  correct  the  same. 
Hence  the  -(-2D.  cyl.,  90°  is  all  that  is  necessary  to  give  this  patient  as 
a reading  glass  at  this  age. 

At  55  years  of  age  the  patient  would  accept  +1  D.  3 + 2 D. 
cyl.,  90°,  and  at  60  years  + 2 D.  3 + 2 D.  cyl.,  90°,  and  so  on. 

REMOVAL  OF  LENSES  FLOATING  IN  THE 
VITREOUS  HUMOR. 

On  page  470  mention  is  made  of  the  difficulties  attending  ^tmoval  of 
the  crystalline  lens  when  dislocated  into  the  vitreous  humo;  Recently 
Howard  S.  Paine1  has  reported  the  successful  removal  of  several  such 
lenses.  His  method  is  as  follows : — 

The  interior  of  the  eye  is  illuminated  by  means  of  a glass  of  three 
inches  focus,  condensing  the  light  from  a 20  c^ndk -power  electric  bulb 
placed  about  two  feet  from  the  eye.  All  diff  ise  light  is  excluded  during 
the  operation.  Under  local  anesthesia  a b>'  )ad  iridectomy  is  made. 

The  most  important  step  of  the  operation  is  to  see  the  lens  all  the 
time  it  is  being  extracted.  All  pressure  by  or  through  the  lids  must  be 
obviated;  hence  the  necessity  of  a srilljd  and  attentive  assistant. 

The  surgeon  should  look  for  the  lens  until  it  is  located  (this  is  pos- 
sible whether  it  is  transparent  rf  opaque)  ; then\,  with  the  lens  constantli) 
in  view],  catch  the  lens  or  c«ncule  with  a Stevens  traction  hook,  and  slowly 
and  carefully  draw  it  tow^d  the  incision.  When  the  lens  approaches  the 
anterior  chamber,  careTilh  pass  behind  it  a Smith  spatula,  upon  which  it  is 
to  slide  up  and  out.  Now  draw  the  lens  out,  if  possible  with  the  hook;  if 
the  hook  tears  oil  deliver  the  lens  by  making  gentle  pressure  with  a blunt 
hook  upon  tin  cornea.  This  technique  is  also  applicable  for  the  partly 
dislocated  hinged  lens,  which  does  not  float  up  into  the  pupil  upon  com- 
pletion M tue  incision,  or  one  displaced  into  the  vitreous  during  a cataract 
operation. 
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Abadie,  276,  525,  5S0,  5S4,  605 
Abbreviations  used  in  ophthalmology,  709 
Abducens  nerve,  19 

paralysis  of,  641,  661,  770 
radiations  of,  50 
Abduction,  109,  685 
methods  for  strengthening,  68o 
Aberration,  chromatic,  69,  715,  751 
spheric,  69,  715,  751 
Ablepharia,  158 

Abnormal  pupillary  reaction,  98_ 

Abrasion  of  the  cornea,  336,  355 
Abscess  of  the  conjunctiva,  291 
of  the  cornea,  305,  308,  311 
of  the  eyelids,  162 
of  the  episclera,  373 
of  the  orbit,  631,  633 
of  the  sclera,  373 
subperiosteal,  631 

Abscission  of  corneal  staphyloma,  356 
Absence  of  the  visual  system,  787 
Absolute  index  of  refraction,  701 
glaucoma,  579 
Absorption  of  light,  61,  694 
Accessory  lacrimal  glands,  22,  22~ 
examination  of,  92 
organs  of  the  eye,  7 
Accommodation,  66 
amplitude  of,  68,  718 
and  convergence,  72,  720 
associated  phenomena,  720 
definition  of,  66,  718 
explanation  of,  66,  718 
far  point  of,  68 
Helmholtz’s  theory  of,  66,  719 
influence  of  age  on,  721 
loss  of,  in  glaucoma,  576 
measurement  of,  122 
near  point  of,  68 
nervous  mechanism  of,  67 
normal  ocular,  718 
paralysis  of,  673 
paresis  of,  673 
in  dental  irritation,  673 
proofs  of  lenticular  change  in,  719 
range  of,  121,  122 
reserve,  721 
spasm  of,  595,  731,  794 
structures  concerned  in,  718 
terms  used  in  recording,  67,  68 


theories  of,  718 

Tscherning’s  theory  of,  66,  719^ 
Accommodative  asthenopia,  729,  732 
Acetate  of  lead,  255 
Acetic  acid,  262 
Achorion  Schoenleinii,  183 
Achromatopsia,  778,  793 
Acid  fuchsin,  829 
Acinotubular  glands,  27,  242 
Acne  rosacea,  of  conjunctiva,  273 
of  eyelids,  180 
Acoin,  302,  315,  873 
Acromegalia,  788 
Actinomycosis,  lacrimal,  224 
of  conjunctiva,  291 

Action  of  the  ocular  muscles,  7o.  057 
Actual  cautery  in  corneal  ulcers,  «J14,  355 
in  scleral  wounds,  370 
Acuity  of  vision,  testing  of,  113,  717 
Acute  ascending  paralysis  78b 
bulbar  apoplexy,  784 
contagious  conjunctivitis,  252 
dacryoadenitis,  219 

hemorrhagic  superior  poliencephalitis,  iSO 
hyperemia  of  the  conjunctiva,  249 
inflammatory  jlai  coma,  576 
ophthalmop'ep.a,  670,  770 
trachoma  l'<9 


Adamiuk,  259 

Adams’s  operation  for  ectropion,  210 
Addison’s  disease,  361 
Adduction,  109,  685 
Adenoid  vegetations,  273 
Adenoma,  of  the  chorioid,  415 
of  eyelids,  178 
of  lacrimal  gland,  220,  627 
of  Meibomian  glands,  178 
Adherent  leucoma,  264,  350. 

Adhesion  of  the  iris  to  the  cornea,  377 
Adnexa,  ocular,  development  of,  7 
physiology  of,  83 
Adrenalin  chlorid,  255,  585,  873 
Advancement  operations,  6S4,  6S9,  691 
Affections  of  the  accessory  lacrimal  glands. 


222 

After-cataract.  See  Post-operative  cataract. 
After-images,  80 
negative,  81 
postive,  80 

Age,  influence  of,  on  accommodation,  721 
upon  glaucoma,  563 
.Albinism,  170,  376,  412 
Albino,  fundus  of — Fig.  2,  Plate  III 
Albuminuric  neuritis,  506 
neuroretinitis,  506 
retinitis,  505 
Alcohol,  absolute,  821 
for  fixing  eye  specimens,  821 
poisoning,  544 
Alcoholic  amblyopia,  544 
Aleppo  boil,  161 
Alexia,  779 

Alfieri’s  method,  823 
Allantiasis,  545 
Alleman,  350 
Allport,  198 
Alopecia,  182 
areata,  182 

Alt,  23,  34,  338,  378,  5 )8 
Alternating  mydriasis^  95 
strabismus,  675,  676 
Altitudinal  hemianopsia,  776 
Altmann,  S32 
Alum  carmin,  827 
Alypin,  872 

Amakrine  associ  it*  on  fibres,  45 
cell,  45 

Amaurosis  ( $ee  also  Amblyopia)  from  ble- 
pha^^spapn  , 321 

following  ir  facile  convulsions,  550 

froL'  quirtin,  543 

glycosuric,  552 

iD  hysteria,  793 

in  traamatic  neuroses,  791 

prrualis  fugax,  557 

pretended,  844 

uremic,  552 

Amaurotic  cat’s  eye,  484 
family  idiocy,  512,  787 
Ambidexterity,  advantages  of,  796 
Amblyopia,  550,  778 
astigmatic,  550 

central  (see  also  Retrobulbar  neuritis)  t 
with  scotoma,  555 
congenital,  550, 
for  colors,  550 
crossed,  778 
ex  anopsia,  551,  736 
from  alcohol,  544 
from  hemorrhage,  553 
from  non-use,  551 
hysteric,  526,  558,  778,  793 
malarial,  559,  747 
of  central  origin,  778 
of  nervous  origin,  745 
pretended,  556,  844 
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Amblyopia,  reflex,  558 
simulated,  151,  550,  844 
toxic,  542 
Amblyoscope,  679 
Amboyna  button,  161 
Ametropia,  724 
axial,  724 
causes  of,  725 
meridional,  724 
varieties  of,  725 
Am  MANN,  513 

Ammonia  causing  conjunctivitis,  269 
Amnesia,  visual,  779 
Amnesic  color-blindness,  779 
Amplitude  of  accommodation,  68 
Amyloid  degeneration,  demonstration  of,  835 
of  the  conjunctiva,  287 
Anagnostakis,  206 
Anakhre,  162 
Anaphoria,  675 

Anatomic  changes  in  glaucomatous  eyes,  567 
in  myopic  eyes,  741 
position  of  rest,  73 
Anatomy,  8-61 
of  the  capsule  of  Tenon,  11 
cervical  ganglia,  19 
sympathetic,  19 
check  ligaments,  16 
chiasma,  47 
chorioid,  38 
ciliary  body,  36 
ganglion,  18 
glands,  38 
muscle,  37 
processes,  37 
conjunctiva,  27 
of  the  cornea,  30 
corneoscleral  junction,  40 
crystalline  lens,  51 
eye,  8-61 
eyeball,  29 
eyelids,  25 

fovea  centralis,  42,  46 
fundus  oculi,  56 
interorbital  space,  11 
iridocorneal  angle,  41 
iris,  33 

lacrimal  apparatus,  22 
glands,  22,  23 
lens-capsule,  52 
ligamentum  pectinatum,  40 
macula  lutea,  46 
motor  oculi  nerve,  17,  50 
nasal  duct,  24 
ocular  lymph-spaces,  55 
muscles,  12 
nerves,  17 

oculomotor  nerve,  17,  50 
ophthalmic  artery,  20 
nerve,  19 
vein,  21 

optic  commissure,  47 
disc,  57 

nerve,  5,  41,  48,  49 
orbit,  8 

orbital  muscles,  12 
patheticus  nerve,  19,  50 
retina,  5,  42 

retinal  blood-vesse’o,  58 
sclera,  32 

secondary  eye-cup  1 
sixth  nerve,  19, 

vitreous  body,  or  humor,  3,  54 
zonula  of  Zmn,  5,  54 
Andreae,  295 
Andrews,  381 
Anel,  2*. 3 

Anemia,  fundus  in,  509 
of  the  i Hina,  489 
Anes  hesia,  general,  SOI 
i^fii  ration,  802 
'ocal  801 

o,  co'  nea,  316,  567,  576 
of  retina,  526 
Anesthetics,  general,  801 
local,  801,  871,  872 
Aneurism,  aortic,  97 
of  orbit,  102 
of  retinal  vessels,  492 
Angelucci,  201 


Angioid  streaks  in  the  retina,  518 
Angioma  cavernosum,  175 
cavernous,  of  conjunctiva,  242 
of  eyelids,  175 
of  orbit,  622 

Angle  alpha,  69,  717,  718,  728,  731,  745 
in  hypermetropia,  718,  731 
in  myopia,  718,  745 
beta,  69,  718 

gamma,  69,  717,  718,  728,  745 
in  hypermetropia,  718 
in  myopia,  718,  745 
in  strabismus,  113,  676 
negative,  113,  718 
positive,  113 
iridocorneal,  41 

of  deviation  in  heterotropia,  674 
in  strabismus,  113,  677 
of  a prism,  701 
of  incidence,  695 
metre.  See  Metre  angle. 
in  heterotropia,  674 
in  strabismus,  113 
of  a prism,  701 
of  reflection,  695 

of  squint,  determination  of,  113,  677 
refracting,  of  a prism,  701 
the  visual,  65,  119,  716 
Aniridia,  376 

Anisocoria.  See  Inequality  of  pupils. 
Anisometropia,  767 
Ankyloblepharon,  159,  190,  295 
Annular  conus,  742 
ligament,  36 
posterior  synechia,  387 
scotomata,  781 
staphyloma,  425 
Anomalies  of  the  chorioid,  4 1 
ciliary  body,  404 
conjunctiva,  239 
cornea,  303 
crystalline  lens,  4"* 
eyeball,  617 
eyelids,  158 
iris,  374 

lacrimal  app  rat  is,  222,  223 
musculp.  na^cus,  657 
optic  n ?rve,  528 
orbit,  616 
ret:  aa,  4bi 
scle.  \ 361 
vitr  "'Ov.s  humor,  473 
An  :>mi,  , visual,  779 
Arno*  .halmos,  528,  617 
Anopsia,  778 
Anterior  chamber,  54 
angle  of,  anatomy  of,  41 
anomalies  of,  397 
cilia  in,  396 
changes  of  depth  of,  397 
of  contents  of,  397,  569 
examination  of,  94 
foreign  bodies  in,  396 
luxation  of  lens  into,  469 
parasites  in,  396 
in  glaucoma,  567,  568 
Anterior  ciliary  arteries  in  glaucoma,  567 
veins  in  glaucoma,  567 
Anterior  chorioiditis,  422,  426 
conjunctival  arteries,  36 
elastic  lamina,  30 
lymph-spaces,  55 
polar  cataract,  264,  308,  444 
sclerotomy,  591 
symblepharon,  293 
synechia,  264,  309 
Anteversion  of  the  iris,  395 
Anthrax,  162 
Antimetropia,  767 
definition  of,  767 
diagnosis  of,  768 
etiology  of,  767 
treatment  of,  768 
Antonelli,  222 

Antrum  of  Highmore,  9,  102,  228 
diseases  of,  635 
Aortic  insufficiency,  572 
Aperture  of  a mirror,  696 
Aphakia,  439,  725,  760 
congenital,  438 
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Aphakia,  definition  of,  760 
diagnosis  of,  761 
etiology  of,  760 
glasses  in,  761 
iridectomy  in,  400,  585 
symptoms  of,  761 
treatment  of,  761 
Aplasia  of  optic  nerve,  528 
Apoplexy,  acute  bulbar,  784 
of  optic  nerve,  549 

Apparatus,  dioptric,  of  the  eye,  62,  711,  712 
lacrimal,  22 

optical,  function  of,  694 
Aqueduct  of  Fallopius,  188 
of  Sylvius,  50,  67,  71,  97,  770,  777,  783 
Aqueous  humor,  54,  94,  562 
composition  of,  in  glaucoma,  569 
Aquocapsulitis,  406 
Arch,  external  tarsal,  28 
tarsal,  28 
Arcus  senilis,  349 
Area,  pupillary,  99 
Arecolin,  95,  134,  366,  575,  870 
Arecolin-eosin,  870 
Areolar  chorioiditis,  423 
tissue  of  eyelids,  26 
Argamblyopia,  551 
Argentamin,  251 

Argyll-Robertson  pupils,  98,  545,  782,  <83 
Argyria,  167  ^ , 

Argyrol,  251,  255,  257,  259,  283,  290,  8 <4 
Argyrosis  of  the  conjunctiva,  290 
Aristol,  270,  290,  337 

Arlt,  202,  206,  254,  260,  298,  379,  500, 
607,  692 

method  of  enucleation,  607,  608,  609 
Arnold,  603 
illustrations  from,  52,  53 
Arteria  centralis  retina?,  2,  6,  21 
embolism  of,  494 
Arterial  circle  of  iris,  large,  35 
small,  35 

pulsation,  58,  568,  572,  575,  791 
in  glaucoma,  568,  572,  575 
Arteriosclerosis,  490,  492,  493,  510,  511 
Artery,  anterior  conjunctival,  36 
central  retinal,  2,  6,  21 
ethmoidal,  21 
frontal,  21 
hyaloid,  4,  473 
lacrimal,  21 
long  ciliary,  21 
muscular,  21 
nasal,  21 
ophthalmic,  20 
palpebral,  28 
posterior  ciliary,  21 
short  ciliary,  21 
supra-orbital,  21 
Artificial  eyes,  613 
illumination,  804 
ripening  of  cataract,  466 
Ascarides,  273 
Aseptic  flask,  247 
Ashby,  550 

Aspergillar  keratitis,  330 
Aspergillus  fumigatus,  330 
glaucus,  330 
niger,  330 
Aspirin,  366 
Assistants,  799 
Associated  action,  72 
movements,  74 
phenomena,  720 
Asteatosis,  180 
Asteroid  hyalitis,  475 
Asthenic  bulbar  paralysis,  785 
Asthenopia,  729,  734,  744,  . 5b.  .91,  792, 
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accommodative,  729 
muscular,  684 
neurasthenic,  526 
Astigmatic  chart,  755 
eye,  appearance  of  . ess  Is  in,  142,  7oO 
form  of  image,  749 
Astigmatism,  70,  1.'2,  148,  692,  749 
acquired,  754 

against  the  u 3,  118,  752,  753 
amount  of 
definition  of,  .49 


Astigmatism,  diagnosis  of,  756 
etiology  of,  754 
irregular,  751,  759 
measurement  of  amount  of,  758 
ophthalmoscopic  appearance  in,  756 
operative  treatment  of,  760 
optical  condition  in,  749 
physiologic,  751 

position  of  chief  meridians  in,  753 
regular,  752 

scissors-like  movement  in,  150,  758 
symmetric,  and  asymmetric  axes,  753 
symptoms  of,  755 
tests  for,  116,  142,  148,  757 
treatment  of,  758 
varieties  of,  751 
with  the  rule,  752,  753 
Astigmia,  749,  785 
Astigmometer,  116 
Astigmometry,  116 
Ataxia,  family,  785 
Friedreich’s,  785 
ocular,  783,  784 
paraplegia,  785 

Atheromatous  ulcer  of  the  cornea,  311 
Atoxyl,  542 
Atrabilin,  802 

Atresia  of  the  canaliculi,  223 
of  the  pupil,  congenital,  3 
Atropa  belladonna,  132 
Atrophia  bulbi,  488 
Atrophic  ulcer  of  the  cornea,  311 
Atrophy  of  conjunctiva,  275,  288 
of  eyeball,  409,  422,  434,  436 
of  lacrimal  gland,  220 
of  limbus,  340 
of  optic  nerve,  528,  545 
of  retina,  503 

Atropin,  72,  95,  132,  255,  266,  869 
conjunctivitis,  259 
use  of,  in  strabismus,  679 
Aura,  visual,  786,  789 
Autograft,  216 
Avulsion  of  eyeball,  647 
Axenfeld,  94,  266,  307,  312,  429,  509 
Axial  lengthening  in  myopia,  738 
shortening  in  hypermetropia,  727 
Axis  of  cylindric  lens,  706 
notation  of,  761 
optic,  62,  68 
optical,  712,  714 
principal,  of  a lens,  702 
mirror,  696 

secondary,  of  a lens,  ' 04 
Axonometer,  149 
Ayres,  222 
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Baas,  222 
Bab,  324 
Bach,  98 

Bacillus  of  di  jbtheria,  271 
Klebs-Loffle,  2c9,  271 
Koch- W-  el.s  2*2,  253,  256 
of  HolTmi  nr,  271 
pyocy.-mus,  309,  311 
subtiiis,  309 
tubercle,  172,  181,  289 
ul°ei  is  corneae,  309 
xe  osis,  271,  288 

water  theory  of  papillitis,  536 
Bacteria,  staining  for,  838 
Bacterium  coli  commune,  263 
Baer,  674 

Baker,  A.  R.,  illustration  from  Fig.  2,  Plate 
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Jaker,  Frank,  illustration  from,  12 

Jalance  of  the  ocular  muscles,  102 

iall’s  operation  for  entropion,  206 

Sandages,  801 

Iaquis,  640 

Iarck,  359,  649 

Jasal  lesions,  668,  671,  769 

Jasedow’s  disease,  644,  790 

Sates,  92,  448 

Saumgarten,  365 

Seam,  or  pencil,  693 

3eck,  338 

3ECKER,  559,  598,  647 
3EER,  221,  356,  460,  484,  643 
3elladonna,  95,  132 
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Bellarminoff,  417 
Bell’s  palsy,  672,  770 
Benedikt,  537 
Benson,  93,  475,  496,  559 
Berger,  646,  791 
Bergmeister,  583 
Berlin,  281,  603,  627,  651 
Bernays,  209 
Bernheimer,  50,  771 
Berry,  356,  475,  620 
Berthold,  772 
Berzelius,  442 
Bettman,  467 
Bettremieux,  232 
Bickerton,  128,  613 
Biconvex  lens,  63,  702,  704 
Bietti,  263 
Billroth,  619,  622 
Binet,  341 

Binocular  field  of  vision,  77 
movements,  74,  659 
single  vision,  75,  660 
vision,  measurement  of  desire  for.  111 
testing  of,  151 
Binoculus,  801 
Birch-Hirschfeld,  543 
Birnbacher,  201 

Bjerrum’s  method  of  perimetry,  125 
Black,  295 

Black  cataract,  448,  449 
“Black  eye,”  193,  194,  648 
Blasius’s  blepharoplasty,  214,  215 
Blastomycetic  dermatitis,  166 
Blennorrhea  of  the  lacrimal  sac,  224 
Blepharitis  acarica,  1S6 
ciliaris,  185 
diagnosis  of,  186 
eczematosa,  1S5,  1S7 
etiology  of,  186 
hypertrophic,  186 
marginalis,  185 
pediculosa,  182 
prognosis  of,  186 
squamosa,  185 
treatment  of,  186 
trichophytica,  186 
ulcerosa,  185 
Blepharoadenitis,  185 
Blepharochalasis,  1S4 
Blepharophimosis,  188 
congenital,  159 

Blepharoplasty,  methods  of,  213 
Blepharoptosis,  191 
Blepharospasm,  189 
Blepharotomy,  202 
Blind  spot,  78 
enlargement  of,  636 
Blindness,  binocular,  feigned,  151,  556,  8*1 
during  ocular  movements,  75 
feigned,  556,  844 
hysteric,  558,  793 
neurasthenic,  792 
state  of  the  pupil  in,  98 
Blood  in  anterior  chamber.  39i 
in  the  orbit,  639 
staining  of  the  cornea,  339 
Blood-vessels,  of  anterior  ;>art  of  the  eye,  90 
of  fundus  oculi,  57 
of  the  orbit,  20 
Bluestone,  259 
Blue  vision,  559 
Bock,  262 

Boeckmann,  28  £01 

Boerhaave 

BOhm,  an'1*  PaviDoff,  illustrations  from,  31, 
30  40,  59 
Boil,  A.»^Pi.o,  161 
DeliO  i 61 

Boll’s  'etinal  purple,  80 
Bo.  es  of  the  orbit,  8 
Bonnet’s  capsule,  11 
mt  hod  of  enucleation,  607,  608 
sheath,  12 

Lorax-carmin,  827,  828 
Bordley,  780 
Boric  acid,  284 
Borsch,  555 
Botulism,  545 
Boucheron,  561 

Bowman’s  layer  of  the  cornea,  30,  246 
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Bowman’s  probe,  235 
ulcer,  310 
Brachet,  299 
Brachymetropia,  736 
Brady,  223 
Brain,  abscess  of,  535 
tumor  of,  508,  7S0 
Br AM  WELL,  508 
Brettauer,  468 
“Bridge  coloboma,’’  374 
Bright’s  retinitis,  505 
Broca’s  lobe,  779 
Broekaert,  208 
Bronner,  175,  437,  594 
Brossage,  262,  283 
Brown-S6qcard,  537 
Bruch’s  membrane,  34,  39 
BrOcke,  38 
Bruns,  645 
Bryant,  612 
Buchanan,  557 
Buckley,  292 
Bulbar  apoplexy,  784 
paralysis,  785 

Bull,  C.  S.,  380,  388,  427,  429,  430,  511, 
575,  631 

Bullae  of  conjunctiva,  275 
of  cornea,  329 
of  eyelids,  165 
Buller,  222,  2S0 
Buller’s  shield,  265,  270,  272 
Bullous  keratitis,  329 
Buphthalmos,  581,  617 
Burchardt,  122 

Burnett,  S.  M.,  242,  281,  3C<*,  "94 

Burow’s  operation,  203 

Butler,  644 

Buxton,  128 

Byers,  222,  530,  531 

Calcareous  cataract,  ^*5 
degeneration,  der.o.' station  of,  S34 
keratitis,  334 

Caldwell’s  lac^m.1  probes,  236 
operation  on  bi  Crated  nasal  canal,  237 
Callan,  382,  46U 

CalmeTxE  & a.  tivrenene  serum,  174 
conju  ictiva  i action,  86 
Calomei  27J,  371 
Ca:  immeivx , 125 
CatxJ  for  the  nasal  duct,  10 
Lyai  id,  4,  56 
of  Cloquet,  55,  473 
">f  Petit,  51,  54 

of  Schlemm,  41,  562,  5S2,  584,  590 
rupture  of,  369 
of  Stilling,  55 
sclero-chorididal,  741 
Canaliculi,  anatomy  of,  24 
anomalies  of,  223 
of  the  cornea,  31 

Canaliculus,  actinomycosis  of,  224 
foreign  bodies  in,  223 
leptothrix  in,  223 
mucocele  of  the  lower,  223 
polyp  of,  223 
slitting  of,  234 
streptothrix  of,  224 
wound  of,  193 
Cancroid  ulcer,  177 
Canites,  601,  yS6 

Cannabis  Indica,  amblyopia  from,  542 
Canthoplasty,  202 

Canthotomy  (see  also  BlcpJuirotumu) , 161 
162,  189 

Capsular  advancement,  691 
cataract,  445,  446 
Capsule  of  Bonnet,  11 
of  Tenon,  11,  102 
advancement  of,  691 
inflammation  of,  634 
Capsulo-pupillary  membrane,  465 
Capsulotomy,  452,  460 
immediate,  460 
Carbol-fuchsin,  256,  832 
Carbolic  acid  in  corneal  ulcers,  314 
Carbon  bisulphid,  amblyopia  from,  542 
Carbuncle,  162 
Carcinoma  of  caruncle,  296 
of  chorioid,  414 
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Carcinoma  of  ciliary  body,  405 
of  conjunctiva,  246 
of  eyelid,  175 
of  lacrimal  gland,  221 
of  orbit,  621,  627 
Cardinal  points  of  the  eye,  712 
of  an  optical  system,  63 
Care  of  the  eyes  at  birth  and  during  infancy, 
803 

during  epidemics,  816 
during  school  life,  809 
in  old  age,  816 
Care  of  spectacles,  818 
Caries  of  orbit,  535,  629 
Carpenter,  388,  413 
Carron-oil,  194 
Carter,  357 

Caruncle,  abscess  of,  296 
affections  of,  295 
anatomy  of,  25 
carcinoma  of,  296 
cylindroma  of,  296 
dermoid  of,  296 
examination  of,  92 
fibroma  of,  296 
lithiasis  of,  296 
lymphangioma  of,  296 
sarcoma  of,  296 

sinking  of,  after  tenotomy,  688,  857 
trichosis  of,  296 
tumors  of,  296 
Caruncula  lacrimalis,  25 
Case  history,  85 
Caspar,  518 
Cassaripe,  316 
Cataphoria,  675 
Cataract,  439 
accrete,  448 

after  an  epileptic  seizure,  789 
anterior  polar,  264,  308,  443 
artificial  ripening  of,  466 
axial,  443 
black,  448 
calcareous,  445 
capsular,  439,  446,  447 
central,  444 
complete,  443 
complicated,  448 
congenital,  443 
coralliform,  444 
course  of,  442,  447 
delivery  of,  453 
diabetic,  449 
diagnosis  of,  441,  447 
discoid,  444 
etiology  of,  442 
extraction  of,  451 
in  its  capsule,  459 
linear,  460 
of  immature,  461 
with  iridectomy,  453 
with  Kalt  suture,  459 
without  iridectomy,  451 
without  speculum,  461 
glaucomatous,  56S 
gray,  439 

immature,  extraction  of,  461 

immediate  capsulotomy  in  extraction,  400 

incipient  congenital,  441 

incomplete,  443 

intumescent,  564 

juvenile,  444,  463 

lactate,  445 

membranous,  445 

milky,  445 

Morgagnian,  442 

operation  for,  449 

operations  for,  choice  of,  45>? 

results  of,  468 
osseous,  445 
pathology  of,  442 
posterior  polar,  444 
post-operative,  446.  4C"* 
prognosis  of,  44<> 
punctate,  444 
secondary,  44.' 
senile,  439 
simple,  439 
soft,  444 

spontaneous  ^ure  of,  468 


Cataract,  spontaneous  delivery  of,  453 
stellar,  444 

traumatic,  445,  446,  464 
treatment  of,  443,  444,  445,  446 
zonular,  444 
Catarrh,  follicular,  257 
of  lacrimal  sac,  225 
Catarrhal  conjunctivitis,  251,  252,  256 
dacryocystitis,  225 
ulcer,  253 

Caterpillar-hairs,  285 
Catoptric  images,  67,  441,  719 
test,  441,  719 
Catoptrics,  694,  695 
Cautery.  See  Actual  cautery. 

Cavernous  sinus,  compression  of,  536 
thrombosis  of,  637 
Celloidin  imbedding,  824 
Cellulitis  of  orbit,  632 
Centrads,  701 

values  and  relations  of,  702 
Centre  of  curvature,  696 
of  rotation,  68,  72,  714 
visual,  82 

Cerebellum,  tumors,  of,  534,  782 
Cerebral  cortex  reflex,  96 
layer  of  the  retina,  44 
Cerebritis,  535 

Cerebrospinal  meningitis,  780 
Cervical  sympathetic,  19 
Chabaneix,  230 
Chalazion,  diagnosis  of,  182 
etiology  of,  182 
external,  181 
internal,  181 
operations  for,  195 
pathology  of,  181 
symptoms  of,  181 
treatment  of,  182 
Chalk’s  eye-drop  bottle,  247 
Chamber,  anterior.  See  Anterior  chamber. 

posterior.  See  Posterior  chamber. 

Chambers  of  the  eye,  54 
Chance,  276 

Chancre  of  conjunctiva,  292 
of  the  cornea,  341 
of  eyelid,  173 
Chandler,  316 

Charcot,  ophthalmic  migraine  oj.,  191,  7S6 
Chartres,  264 
#Chaulmoogra-oil,  174 
Cheatham,  284 
Check  ligaments,  16,  17,  659 
Chemosis,  253,  256,  213,  L16,  276,  293,  633, 
634,  637 

Cherry-red  spot  in  m''cu1a,  495 
Cheselden,  401 
Chiasma,  optic,  47,  706 
symptoms  caus'd  by  lesions  of,  776 
Childhood,  car  » jf  the  eyes  during,  803 
Chloasma,  16'r 
Chlorin,  82* 

Chlorin- water,  i itra-ocular  injections  of,  475 
Chlm 'fc"ja.  8vl 
Chlo.ou  a,  222 
Chlorosis,  535 

Cloktd  disc,  533,  534,  535,  780,  781 
Ch.  ’-steatoma  of  iris,  378 
Cl  olesterin,  demonstration  of,  834 
Chondroma  of  lacrimal  gland,  222 
of  orbit,  624 
Chorea,  496,  790 
Chorio-capillaris,  38,  39 
Chorioid,  adenoma  of,  415 
albinism  of,  412 
anatomy  of,  38 
angiosarcoma  of,  415 
carcinoma  of,  414 

central  senile  areolar  atrophy  of,  424 

chronic  inflammatory  processes  in,  486 

colloid  changes  in,  435 

coloboma  of,  411 

congenital  anomalies  of,  411 

congestion  of,  420 

cysts  of,  414 

detachment  of,  417,  434 

diseases  of,  411-436 

enchondroma  of,  415 

foreign  bodies  in,  433 

gumma  of,  419 
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Chorioid,  hemorrhage  into,  433 
hyperemia  of,  420 
in  fundus  picture,  61 
in  myopia,  741 
inflammation  of,  420 
injuries  of,  433 
large  tubercular  mass  in,  413 
leucosarcoma  of,  4S6 
leucosis  of,  412 
macular  coloboma  of,  412 
myoma  of,  420 
nevi  of,  420 
ossification  of,  420 
perithelioma  of,  415 
rupture  of,  434 
sarcoma  of,  415 
diagnosis,  416 
metastatic,  415 
pathology,  419 
prognosis,  419 
symptoms,  416 
treatment,  419 
sclerosis  of  vessels  of,  424 
senile  areolar  atrophy  of,  424 
solitary  tubercle  of,  418 
telangiectatic  sarcoma  of,  415 
tuberculosis  of,  412,  486 
tumors  of,  414 
wounds  of,  433 
Chorioidal  craters,  522 
changes  in  glaucoma,  568 
in  myopia,  741 
hemorrhage,  433 
ring,  57 

Chorioiditis,  420 
acute,  421 
anterior,  422,  426 
areolar,  423 
atrophic,  421 
causes  of,  427 
central,  422,  423 
“central  senile  guttate,”  424 
character  of  pigment  in,  421,  428 
clinical  forms  of,  422 
diagnosis  of,  427 
diffuse  syphilitic,  501 
disseminated,  422,  423 
exudative,  non-suppurative,  420 
from  errors  of  refraction,  427 
gonorrheal,  422,  427 
guttate,  424 
hereditary,  427 
metastatic.  429 
myopic,  422,  425 
old,  428 

pathology  of,  427 
plastic,  420 
prognosis  of,  428 
purulent,  429 
recent,  428 
serous,  420 
suppurative,  429 
symptoms  of,  421 

syphilitic,  422,  426.  See  8 yplii  Hit  rttinitis. 
Tay’s,  424,  516 
treatment  of,  428 
with  descemetitis,  422,  416 
Chorioidoretinitis,  420,  559 
striata,  518 
sympathetic,  600 
syphilitic,  426,  501,  504,  559 
Chromatic  aberrate.  c9,  714,  749 
Chromidrosis,  179 

Chronic  catarr\tt’  conjunctivitis,  256 
conjuncavi  5s,  ?17 
irritati  *e  jla  ’coma,  575 
Cicatricia’  o 'bi  , operations  for,  615 
pterygmn  ^'87 
Cilia.  Se.  Eyelashes. 

Cilia:  v boay,  anatomy  of,  36 
angiomata  of,  405 
CcJ  ification  of,  405 
care  nomata  of.  405 
joloboma  of,  404 
cysts  of,  405 
detachment  of,  410 
diseases  of,  404 
examination  of,  100 
fibromyomata  of,  405 
foreign  bodies  in,  409 


Ciliary  body,  gumma  of,  405 
hyperemia  of,  406 
in  glaucoma,  568 
inflammation  of,  406 
plastic,  408 
purulent,  409 
injuries  of,  409 
myomata  of,  405 
operation  on,  410 
ossification  of,  405 
sarcomata  of,  405 
tuberculosis  of,  405 
tumors  of,  404 
wounds  of,  409 
Ciliary  congestion,  248 
ganglion,  18 
glands,  38,  407 
injection,  248 
muscle,  37 
paralysis  of,  673 
nerves,  18 

part  of  the  retina,  46 
processes,  37 
ring,  37 

staphyloma,  366 
vessels,  anterior,  91,  248,  580 
Cilioretinal  artery,  59 
vein,  59 

vessels  in  embolism,  496 
Cinchona,  amblyopia  from,  543 
Cinnamate  of  sodium,  302 
Circle,  horopteric,  75 
of  Haller,  49 
of  Zinn,  49 

Cirincione,  225,  532 
Citrate  of  copper,  283,  875 
of  sodium,  302,  563,  576,  577  5TS 
Clausen,  324 
Clearing  of  sections,  831 
Clearness  of  vision,  81 

Climatic  changes  in  the  r effect  on  the  eyes, 
817 

Clinoscope,  113 

Cloquet,  canal  o,  54.  ,73,  478 
Cnidosis,  160 
Cobalt-glass  te^t,  tS2 
Cocain,  95,  25p>  4 >1,  801,  S71 
Coe,  297 

Coffee,  aL'blyo’ia  irom,  542 
Cohn,  553,  "lO 
Cohn  eim,  780 
Collars*-  of  the  cornea,  453 
CoJiicu'us  nervi  optici,  43 
Collins,  Treacher,  40,  51,  155,  305,  339, 
340,  374,  407,  437,  458,  496,  578, 
, 583 

C jllins,  W.  J.,  442 
colloid  bodies  in  nerve-head,  532 
degeneration  of  the  skin,  179 
disease  of  the  macular  region,  435 
Collyrium,  application  of,  250 
definition  of,  867 
Coloboma,  macular,  412 
of  chorioid  and  retina,  411 
of  cornea,  304 
of  eyelid,  158 
of  iris,  374 
of  lens,  437 
of  retina,  411,  481 
of  sheath  of  optic  nerve,  528 
of  vitreous  humor,  473 
Colon  bacillus,  263,  269 
Color  amnesia,  779 
aphasia,  779 
Color-field  of  vision,  7S 
reversal  of,  558,  781 
Color-perception,  82 
theories  of,  83,  550 
variation  of  normal,  83 
Color-sense,  testing  of,  12S 
measure,  131 

Colors,  how  distinguished,  82 
measurement  of  vision  for,  131 
Combined  operation  for  entropion,  205 
sclerosis  of  the  spinal  cord,  785 
Comitant  convergent  squint.  675 
divergent  strabismus,  676 
Commissure,  optic,  47 
disease  of,  776 
Commotio  retinae,  521 
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Communications,  privileged,  841 
Compensatory  turning  of  the  head,  663 
Competency  of  an  expert  witness,  840 
Concave  lens,  how  formed,  703 
images  formed  by,  706 
refraction  by,  706 
use  of,  in  myopia,  749 
mirrors,  images  formed  by,  697 
reflection  from,  696 
retinoscopy  mirror,  147 
Concussion  of  the  retina,  921 
Congenital  anomalies  of  the  chorioid,  411 
of  the  ciliary  body,  404 
of  the  conjunctiva,  239 
of  the  cornea,  303 
of  the  eyelids,  158  t 
of  the  iris,  374 

of  the  lacrimal  apparatus,  223 
of  the  lens,  437 
of  the  ocular  muscles,  618 
of  the  orbit,  616 
of  the  retina,  481 
of  the  sclera,  361 
Congenital  cataract,  443 
cupping  of  the  optic  disc,  529 
cysts  of  the  orbit,  618 
glaucoma,  581 
hyperkeratosis,  167 
iritis,  388 

luxation  of  the  lens,  439 
paralysis,  769 
ptosis,  159,  191,  196,  770 
Congestion  of  posterior  conjunctival  vessels, 
248 

Conic  cornea,  344 
pathology  of,  345 
prognosis  of,  345 
treatment  of,  345,  355 
Conium,  190 

Conjugate  foci,  694,  703,  704 
lateral  deviation  in  epilepsy,  789 
lateral  paralysis,  771 
paralysis,  669,  771 
Conjunctiva,  abscess  of,  291 
actinomycosis  of,  291 
acute  blennorrhea  of,  262 
amyloid  degeneration  of,  287 
anatomy  of,  27 
angioma  of,  242 
argyrosis  of,  290 
atrophy  of,  2S8 
blood-vessels  of,  90,  248 
burns  of,  294 
calcification  of,  284 
carcinoma  of,  246 
cavernous  angioma  of,  242 
chancre  of,  291,  292,  Fig.  7,  Plate  VII 
chemosis  of,  293 
congenital  anomalies  of,  239 
copper-colored  spots  in,  292 
cylindroma  of,  246 
cysticercus  of,  243 
cysts  of,  242 
dermoid  tumors  of,  240 
diseases  of,  239-302 
dry  catarrh  of,  24S 
ecchymosis  of,  293 
edema  of,  253 
emphysema  of,  293 
epibulbar  sarcoma  of,  244 
epithelial  xerosis  of,  288 
epithelioma  of,  245,  246 
essential  shrinking  of,  165,  193,  275 
examination  of,  89 
fibroma  of,  240 
fibro-osteomata  of,  242 
folliculosis  of,  257 
foreign  bodies  in,  294 
granulation  tumors  of,  241 
grattage  of,  301 
gumma  of,  292 
hemorrhage  beneath. 

from,  291 
herpes  of,  274 
hyperemia  of,  °'S 
symptoms,  2 -9 
treatment  210 
inflammation  if,  247 
injuries  „<  , 2C4 
leprosy  of  °D0 


Conjunctiva,  leucosarcoma  of,  244 
lime-burns  of,  294 
lipoma  of,  240 
lithiasis  of,  276 
lupus  of,  291 
lymphangiectasis  of,  243 
lymphoma  of,  275 
melanosarcoma  of,  244 
mucous  patches  of,  292 
myxoma  of,  241 

necrosis  of,  after  injections,  302 

operations  on,  296 

osteoma  of,  242 

papillomata  of,  241 

parenchymatous  xerosis  of,  288 

pemphigus  of,  275 

phlebolith  of,  242 

pigmentation  of,  in  trachoma,  280 

polypi  of,  241 

sarcoma  of,  244 

scalds  of,  294 

siderosis  of,  290 

sporotrichosis  of,  291 

spring  catarrh  of,  260 

symblepharon  of,  293 

syphilis  of,  291 

telangiectases  of,  171 

tuberculosis  of,  289 

tumors  of,  239 

ulcers  of,  292 

vaccinia  of,  284 

varicella  of,  284 

vascular  tumors  of,  242 

wounds  of,  295 

xanthoma  of,  291 

xerosis  of,  288 

Conjunctival  injection,  247,  248 
sac,  anatomy  of,  25 
excision  of  upper,  299 
temperature  of,  239 
vessels,  anterior,  91 
posterior,  90 
Conjunctivitides,  250 
Conjunctivitis,  247 
acute  catarrhal,  252 
clinical  varieties  of,  254 
contagious,  252 
diagnosis  of,  253 
etiology  of,  252 
pathology  of,  252 
prognosis  of,  254 
symptoms  of,  253 
treatment  of,  254 
atropin  in,  259 
catarrhal,  251,  252  .°5C 
acute,  252  . 
chronic,  256 
subacute,  25C 
caterpillar-hai  • 2 35 
chronic,  277 
croupous.  169 
diagnosis,  270 
etiology,  26v> 
symptoms,  270 
t.  'a.ment,  270 
d pht  leritic,  271 
ungnosis,  271 
etiology,  271 
symptoms,  271 
treatment,  272 
diplobacillus,  256 
eczematosa,  272 
Egyptian,  277 
exanthematous,  254 
follicular,  254,  257 
diagnosis,  258 
etiology,  258 
symptoms,  258 
treatment,  258 
from  electric  light,  254 
from  x-rays,  254 
gonorrheal,  262 
of  the  adult,  263 
complications,  264 
diagnosis,  264 
etiology,  264 
prognosis,  265 
prophylaxis,  265 
symptoms,  263 
treatment,  265 
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Conjunctivitis,  gonorrheal,  of  newborn,  267 
diagnosis,  267 
etiology,  267 
prognosis,  267 
prophylaxis,  267 
symptoms,  267 
treatment,  268 
granular,  277 
complications,  280 
diagnosis,  2S1 
etiology,  277 
forms,  278 
pathology,  281 
prognosis,  282 
treatment,  2S2 
Koch-Weeks  bacillus,  252 
lacrimal,  277 
membranous,  269 
metastatic  gonorrheal,  254 
military,  277 
muco-purulent,  252 

neonatorum.  See  Conjunctivitis,  gonorrheal. 
papular,  275 
Parinaud’s,  275 
petrificans,  284 
phlyctenular,  272 
diagnosis,  273 
etiology,  272 
prognosis,  273 
symptoms,  273 
treatment,  274 
plastic,  269 
pneumococcic,  256 
pseudomembranous,  269 
purulent  gonorrheal,  262 
non-gonorrheal,  268 
treatment,  269 
pustular,  254 
simple,  251 
spring,  260 
diagnosis,  260 
etiology,  260 
pathology,  261 
prognosis,  261 
symptoms,  260 
treatment,  261 
subacute  catarrhal,  256 
toxic,  259 
traumatic,  254 
uratic,  276 
variolar,  276 
vernal,  260 

Consensual  light  reflex,  96 
“shade”  reflex,  96 

Construction  of  school-buildings,  810 
Contraction  of  the  pupil,  normal,  71 
reflexes  of,  96  | 

Contusion  of  the  orbit,  648 
Conus,  367,  425,  528,  741 
Convergence,  amplitude  of,  124 
and  accommodation,  123,  720 
definition  of,  720 
examination  of,  124 
excess  in  esophoria,  684 
excessive,  684 
far  point  of,  123 
insufficiency  of,  684 
measurement  of,  123 
movement  of,  74 
near  point  of,  123,  681 
negative,  124 
positive,  124 

power  of,  how  nt«sured,  683 

prism,  683 

reflex  oi  pupil,  96 

test  of,  123 

Convex  lei-s,  how  formed,  703 
image  - formed  by,  64,  705 
i ^fraction  by,  705 
me  of,  in  hypermetropia,  735 
mh.irs,  reflection  from,  699 
Co  >VE’  .,  295 

Copper,  demonstration  of,  838 
COPI’EZ,  269,  271,  312,  345 
Corectopia,  375,  843 
Corelysis,  393,  397 
Cornea,  abrasion  of  the,  355 
abscess  of,  305,  308,  311 
anatomy  of,  30 
anterior  elastic  lamina  of,  30 


Cornea,  atheromatous  ulcer  of,  311 
atrophic  ulcer  of,  311 
atrophy  of  limbus  of,  340 
bacillus  pyocyaneus  ulcer  of,  311 
blood-staining  of,  339 
blood-vessels  of,  32 
in  disease,  306 
Bowman’s  layer  of,  30 
canaliculi  of,  30 
causes  of  infected  ulcers  of,  309 
cauterization  of,  355 
cells  of,  30 
chancre  of,  341 

changes  in,  in  exophthalmic  goitre,  646 

classification  of  inflammations  of,  307 

collapse  of,  453 

congenital  anomalies  of,  303 

conic,  344 

corpuscles  of,  30 

creeping  ulcer  of,  311 

crescentic  ulcer  of,  311 

cyst  of,  305 

dendritic  ulcer  of,  311,  331 

dermoid  of,  304 

diameter  of,  normal,  29 

discoloration  of,  with  blood-pigment,  339 

diseases  of,  303-360 

ectasia  of,  congenital,  304 

eczema  of,  320 

edema  of,  in  glaucoma,  567 

endothelium  of,  31 

epithelioma  of,  305 

examination  of,  92,  93 

excision  of,  356 

exhaustion  ulcer  of,  318 

fibrillae  of,  30 

fibroma  of,  305 

fistula  of,  308,  342,  346 

fistulous  staphyloma  of,  346 

foreign  bodies  in,  35.1 

fungus  infection  of  3u9.  330 

globosa,  345 

healing  of  wour  s 353 
hemorrhage  into,  353 
herpes  of,  3?  > 

after  '.aiuraut  extraction,  456 
horizontal  m<'riJmn  of,  29 
infantil  ulceration  of,  with  xerosis  of  con- 
junct, a,  318 
infl  mmation  of,  305 
injun 's  of,  351 
i ispv  ction  of,  92 
internal  ulcer  of,  324 
keloid  of,  305 
keratocele,  308,  346 
lepra  of,  341 
malformation  of,  304 
measurement  of  radius  of,  118 
refraction  of,  118 
mechanical  injuries  of,  352 
nerves  of,  32 
onyx,  30  i 
opacities  of,  349 
operations  on,  355 
paracentesis  of,  355 
pemphigus  of,  329 
perforation  of,  308,  314,  315 
pigmentation  of,  304 
posterior  elastic  lamina  of,  31 
primary  opacity  of,  334 
protrusions  of,  341 
refracting  power  of,  714 
relapsing  herpes  of,  333 
ribbon-shaped  opacity  of,  334 
ring  ulcer  of,  310 
rodent  ulcer  of,  310 
round  central  ulcer  of,  310 
Saemisch’s  incision  of,  315,  357 
sclerosis  of  limbus  of,  340 
siderosis  of,  341 
simple  ulcer  of,  309 
staphyloma  of,  341 
subepithelial  opacity  of,  335 
syphilis  of,  341 
tattooing  of,  359 
tonsure  of,  301 
transverse  film  of,  334 
tuberculosis  of,  341 
ulcer  of,  308 
xanthelasma  of,  341 
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Cornea,  zonular  opacity  of,  334 
Corneal  corpuscles,  31 
microscope,  93 
spaces,  31 

ulcers  in  trachoma,  280 
wounds,  healing  of,  353 
Corneitis.  See  Keratitis. 

Corneo-scleral  junction,  40 
Cornu  cutaneum,  108 
Cornwall,  349 

Corpora  amylacea,  demonstration  of,  836 
geniculata,  41 
quadrigemina,  41 
tumors  in,  or  near,  781 
Corpuscular  theory  of  light,  692 
Corresponding  points  of  the  retina,  75 
Corrugator  supercilii  muscle,  26 
Cortical  reflex  of  Haab,  98 
“Couching”  of  cataract,  462 
Couper,  135 

Cover  test  for  heterophoria,  103,  682 
for  strabismus,  114 
Crede’s  method,  268 
Creeping  ulcer  of  the  cornea,  311 
Creolin,  260 
Crescent,  or  conus,  741 
Crescentic  ulcer  of  the  cornea,  311 
Cretes,  108 
Crick’s  dots,  515 
Critchett,  242,  343,  531,  605 
operation  for  staphyloma  of  cornea,  ou0 
Crossed  diplopia  test,  846 
images,  664 

Crossing  of  optic  fibres,  47,  773 
Croupous  conjunctivitis,  269 
Cruchaudeau,  291 
Cryptophthalmos,  158 
Crystalline  lens,  absence  of,  439 
anatomy  of,  51 
calcification  of,  445 
capsule  of,  52 

changes  in,  in  accommodation,  66,  <19 
chemical  composition  of,  51 
coloboma  of,  437 
congenital  anomalies  of,  437 
luxation  of,  439 
dimensions  of,  51 
diseases  of,  437-472 
dislocation  of,  439,  469 
examination  of,  100 
fetal,  3 
fibres  of,  52 
foreign  bodies  in,  472 
growth  of,  51,  564 
in  glaucoma,  568 
injuries  of,  471 
liquor  Morgagni  of,  52 
luxation  of,  439,  469 
marginal  whorl  of,  52 
opacity  of,  439 
operations  upon,  449 
ossification  of,  471 
parasites  in,  471 
refracting  power  of,  714 
regeneration  of,  471 
removal  of,  in  myopia,  74S_^ 
spontaneous  delivery  of,  453 
extrusion  of,  471 
structure  of,  51 
suspensory  ligament  of,  53 
swelling  of,  440,  464 
zonula  of,  53 
CUIGNET,  845 

Cul-de-sac,  excision  of,  299 
Cuneus,  41 
Cuprocitrol,  875 
Cuprol,  255,  875 
Curettement,  162 
Cushing,  780 

Cutting  of  sections,  824,  826 
the  eyeball,  824 
Cyanopsia,  559 
Cyanuret  of  mercvry,  302 
Cyclicotomy,  590 
Cyclitis,  406,  408 
after  catarac'  extraction,  456 
pathology,  407  109 
plastic,  408 
prognofO?  407 
purulent  409 


Cyclitis,  serous,  406 
symptoms  of,  407,  408 
traumatic,  409 
treatment  of,  407,  409 
varieties,  406 
Cyclophoria,  101,  675 
test  for,  683 
Cyclopia,  616 
Cycloplegia,  131,  673 
Cycloplegics,  132,  868 
Cyclospasm,  794 

Cylindric  lenses,  how  formed,  702 
refraction  by,  706 
Cylindroma  of  conjunctiva,  246 
Cyst,  dermoid,  of  conjunctiva,  240 
gelatinous,  of  conjunctiva,  243 
of  chorioid,  414 
of  cornea,  305 
of  eyelid,  167 
of  iris,  377 
of  orbit,  618,  627 
of  retina,  482 
of  sclera,  361 
sebaceous,  of  eyelid,  180 
subconjunctival,  242 
Cysticerci  of  conjunctiva,  243 
of  eyelids,  183 
of  iris,  381 
of  orbit,  627 
of  retina,  488 
of  vitreous  humor,  478 
Cysticercus,  intra-ocular,  418 
Cystoid  cicatrix,  after  cataract  extraction,  457 
Cystotomy,  452,  462 
Czapski,  93 

Czermak,  192,  357,  606 

Dacryoadenalgia,  220 
Dacryoadenitis,  acute,  219 
chronic,  220 

Dacryocystitis,  catarrhal,  225 
suppurative,  226 
Dacryolith,  220 
Dacryops,  221 
Dactylitis,  272 

Dalrymple’s  sign,  87,  646,  <90 

Daltonism,  550 

Danvers,  246,  261,  262 

Darier,  262,  315,  321,  339,  3 63  363,  391 

Darier’s  disease,  172 

Daturin,  133 

Daviel,  460 

Davidson,  99,  154,  247,  362  651 
Davis,  A.  E.,  114 
Day-blindness,  557 
De  Beck,  173,  351  375,  395 
DE  Lapersonne,  433 

DE  Sch weinit'7  26U,  415,  435,  487,  519, 
639,  64  0 

DE  Weckef  1 *6  284,  343,  349,  357,  359, 
399,  4ul,  402,  403,  513,  591 
operat’  on  i>T.  i tosis,  196 
sta4'hj  V o.  a,  357 
scissors  of,  399 

in  secondary  cataract  operations,  466 
D scarification  of  eye  specimens,  822 
Dc^cs  in  the  visual  field,  126 
optical,  68 

rehydration  of  sections,  831 
Delafield’s  hematoxylin,  827 
Delhi  boil,  161 

Delirium  after  cataract  extraction,  454 
Demicheri,  291 
Demodex  folliculorum,  186 
Demonstration  of  eye  sections,  832 
Demours,  membrane  of,  31 
Dendritic  keratitis,  331 
ulcer  of  the  cornea,  311,  331 
Denig,  640 

Dennett’s  method  of  measuring  prisms,  <01 
Depoutol,  649 
Depression  of  cataract,  462 
Depth,  sense  of,  76 
Derby,  179,  548,  740 
Dermatitis,  165,  457 
blastomycetic,  166 
herpetiformis,  165 
medicamentCsa,  165 
venenata,  165 

Dermoid  cyst  of  eyelid,  167 
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Dermoid  cyst  of  caruncle,  296 
of  conjunctiva,  239,  240 
of  cornea,  304 
of  orbit,  618,  619 
Dermolipomata,  240 
Descement,  membrane  of,  31,  40 
Descemetitis,  333,  406 
Descending  neuritis,  534 
Deschamps,  400 
iridectomy  in  aphakic  eyes,  400 
Desmarkes,  202,  230,  392 
depletion,  392 
Desmonceaux,  748 
Despagnet,  32,  275,  300 
Detachment  of  chorioid,  417 
of  retina,  416,  522,  741 
etiology  of,  522 
in  myopia,  741 
pathology  of,  523 
prognosis  of,  524 
symptoms  of,  523 
treatment  of,  524 
of  vitreous,  480,  741 
Deviation,  latent,  680 
primary,  660 
secondary,  660 
Deutschmann,  594,  600 
Development  of  the  eye,  1 
Diabetic  cataract,  449 
coma,  449 
iritis,  388 
retinitis,  503 

Diagnostic  tables.  See  Differentiation. 
Diameter  of  cornea,  29 
of  pupil,  71 

Diaphanoscope,  157,  417 
Dieffexbach’s  blepharoplasty,  215 
operation  for  ectropion,  210 
Differentiation  between  cataract  and  glau- 
coma, 441 

chorioidal  sarcoma  and  various  diseases,  416 
conjunctival  and  ciliary  injection,  298 
diabetic  and  albuminuric  retinitis,  505 
folliculosis  and  trachoma,  258 
glaucoma  simplex,  optic-nerve  atrophy, 
and  cataract,  573 
glioma  and  pseudo-glioma,  485 
iritis  and  conjunctivitis,  383 
and  cyclitis,  384 
and  glaucoma,  384 
and  uveite  irienne,  390 
superficial  and  deep  corneal  vessels,  306 
sympathetic  irritation  and  sympathetic  in- 
flammation, 596 

thrombosis  and  embolism  of  central  retinal 
vessels,  499 
tumors  of  the  iris,  379 
vernal  conjunctivitis  and  trachoma,  261 
Diffuse  dots  in  the  retina,  516 
Dilation  of  the  pupil,  normal,  71 
reflexes,  96 
Dilator  pupillm,  34 
Diminishing  hypermetropia,  722 
Dimmer,  436,  493 
Dionin,  321,  325,  391,  392,  S72 
Dioptre,  the,  707 
Dioptric  apparatus,  62,  711,  71 r. 

Dioptrics,  699 

Diphtheria  antitoxin,  179  270,  272 
Diphtheritic  conjunctt\lcis,  271 
Diplobacillus  conjunct,  vitis,  256 
of  Morax  and  i»xen’eid,  256 
Diplococcus  in*~a.  °li  jlaris  meningitidis,  269 
Diplopia,  72,  660  664 
crossed,  664,  666 
homoLVLiu:  664 
horLom'O,  665 
in  the  ’ai  ral  field,  667 
in  the  k wer  field,  665,  666,  667 
in  lhe  upper  field,  665,  666,  667 
u*°tnod  of  examination,  663 
.nomcular,  72 

timing  of  head  to  avoid,  663 
vertical,  666 
Direct  light  reflex,  96 
method  of  ophthalmoscopy,  136,  137 
“shade”  reflex,  96 
vision,  79 
Disc,  optic,  56 

Discission  of  cataract,  448,  463,  466 


Discission,  glaucoma  after,  448 
of  the  lens  in  myopia,  748 
of  post-operative  cataract,  465 
Disc-like  keratitis,  339 
Discoid  cataract,  444 
Dislocation  of  eyeball,  649 
of  lacrimal  gland,  221 
of  lens,  acquired,  469 
diagnosis  of,  469 
prognosis  of,  470 
treatment  of,  470 
congenital,  439 
intentional,  462 
Disseminated  sclerosis,  782 
Dissimulation,  tests  for,  848 
Distichiasis,  190 
congenital,  159 
Divergence  excess,  6S4 
insufficiency,  684 
paralysis  of,  674 
Dixon,  43 

Dobell’s  solution,  228 
Dock,  222 
Dodd,  504,  559 
Dodge,  75 
Dojer,  72 
Domixiqce  275 

Doxders,  58,  72,  711,  718,  762,  764,  766 
Dor  525 

Dot  and  line  test,  105 
Double  hemianopsia,  778 
prism,  106 
stains,  829 

vision.  See  Diplopia . 

Douglass,  185 
Doyne,  437 

Drainage  apparatus  of  the  e / e 2*. 

diseases  of,  222 
Dransart,  199 

Dressings,  preparation  ot,  8o0 
Dropping  of  fluid  from  ,he  nostril,  541 
Druault,  312 
Drug  conjunctive ?3,  25*  « 

Drusenbildungen  i.  optic  papilla,  532 
Dry  method  of  p.  es^rving  eveballs,  S19 
Duane,  667  6 '4,  182,  684,  772 
Duboisin  13o 
Duchen.  e’s  c isec.se,  188 
Duct  lacDmo  nasal,  24 
obi. Auction  of,  227 
proo.ng  of,  235 
stricture  of,  227 
Di  dle  r,  559 
Dunn,  439,  463 
I Dura,  inflammation  of,  779 
1 I uration  of  visual  sensations,  80 
Dyer,  I.,  174 
Dynamic  refraction,  711 
Dyschromatopsia.  See  Dichromasia. 
Dyslexia,  779 

Ecchymosis  of  conjunctiva,  293 
of  eyelids,  193,  847 
subconjunctival,  293 
Echinococcus  in  orbit,  627 
subretinal,  489 
Economics,  visual,  848 
Ectasia  of  cornea,  304 
of  sclera,  366 
Ectoderm,  2 

Ectogenous  panophthalmitis,  430 
Ectopia  lentis,  439 
pupillae,  843 
Ectropion,  191,  223 
acute,  208 
cicatricial,  192 
congenital,  159 
of  uvea,  376,  568 
operations  for,  208 
organic,  280 
spastic,  280 
treatment  of,  192 
varieties  of,  192 
Eczema,  160 
neurotic,  160 
of  conjunctiva,  272 
of  cornea,  320 
of  eyelids,  160 
of  nose  and  lip,  273 
seborrheic,  160 
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Eczema,  strumous,  160 
Edema  of  conjunctiva,  253 
of  cornea,  567 
of  eyelids,  168,  169 
theory  of  glaucoma,  563 
Edematous  swelling  of  the  retina,  521 
Edmunds,  538,  553 
Edsall,  546 
Egg-film,  295 
Egyptian  ophthalmia,  277 
Elastic  fibres,  demonstration  of,  833 
Electric  lighting,  806 
ophthalmia,  514 

Electricity  in  herpes  zoster  ophthalmicus, 
164 

in  lacrimal  stricture,  230,  238 
in  opacities  of  the  cornea,  350 
in  paralytic  strabismus,  672 
Electrolysis  in  angiomas,  175 
in  detachment  of  the  retina,  523 
in  fistula  of  the  cornea,  349 
in  granular  conjunctivitis,  2S3 
in  keloid  of  eyelid,  174 
in  lacrimal  diseases,  230,  238 
in  molluscum  epitheliale,  172 
in  naevus  vasculosus,  175 
in  trichiasis,  190,  201 
in  xanthoma,  172 
Electromagnet,  giant,  371 
of  Haab,  371 
of  Hirschberg,  371 
of  Johnson,  371 
of  Lipprncott,  371 
of  Sweet,  371 
results  of  use  of,  372 
Elementary  optics,  692 

Elephantiasis  Arabum  of  eyelids,  sporadic 
type,  169 
tropical  type,  169 
Ellett,  350 

Elliot’s  operation  for  glaucoma,  593 
Elschnig,  30,  37,  57,  224,  307,  323,  496 
Embolism  of  central  retinal  artery,  494 
Embryotoxon,  303 
Emmetropia,  721 
ophthalmoscopy  in,  142 
retinal  image  in,  139,  715 
skiascopy  in,  147,  148 
Emphysema  of  conjunctiva,  293 
of  eyelids,  184 
Empyema  of  antrum,  636 
of  frontal  sinus,  636 
of  sphenoidal  sinus,  636 
Encanthus,  296 
Encephalitis,  superior,  786 
Encephalocele,  61S 
Encephalopathy,  lead,  508 
Enchondroma  of  orbit,  624 
Endarteritis,  490,  496 
Endocarditis,  496 
Endogenous  panophthalmitis,  429 
Endothelioma  of  orbit,  621 
Endothelium  of  the  cornea,  31 
English  common  law,  841 
Enophthalmos,  102,  589,  642,  648 
Entropion,  193,  223,  271,  2S0,  294,  295 
congenital,  159 
from  trachoma,  193,  2S0 
operations  for,  203 
organic,  280 
senile,  193 
spasmodic,  193 

Enucleation  of  eyeball,  606,  607 
accidents  during  or  after,  609 
Arlt’s  method,  608 
Bonnet’s  method,  60S 
indications  for,  606 
Eosin,  829 

Ephidrosis.  See  Euperidroo 
Epibulbar  tumors,  244,  246 
Epicanthus,  159 
operations,  207 
Epidemic  ophthalm'a,  252 
Epilepsy,  685,  789 
eye  symptoms  in,  7e9 
Epileptic  seizure  Juring  cataract  extraction, 
454 

Epiphora,  2T2  2^6,  227,  791 
Episclera,  m • a?  tatic  abscess  of,  373 
EpisclcTSi  Issue,  33 


Episcleritis,  361 
fugacious,  363 
partialis  fugax,  363 
Epithelial  xerosis,  288 
Epithelioma  of  conjunctiva,  246 
or  cornea,  304 
of  eyelids,  175,  176 
Equator,  29,  72 

Equilibrium  test  for  heterophoria,  681 
Ekb’s  disease,  785 
Ergot,  579 

amblyopia  from,  542 
Erismann,  740 
Erlitzki’s  fluid,  S21 
Errors  of  refraction,  724-768 
Erysipelas  of  eyelids,  163 
Erythropsia,  476,  556,  559,  748 
after  cataract  operation,  458,  559 
Eserin,  72,  95,  134,  267,  573,  575,  576,  577, 
586,  871 

after  cataract  extraction,  454 
and  cocain  in  glaucoma,  575 
in  glaucoma,  574 
Esophoria,  102,  670 
Esotropia,  670,  675 
Essential  phthisis  bulbi,  436 
shrinking  of  the  conjunctiva,  165,  193, 
275 

Ether,  801 

Ethmoidal  foramina,  9 
sinuses,  diseases  of,  635 
Ethyl  bromid,  801 
Eucain,  801,  S72 
Euphthalmin,  134,  867 
Eversbusch,  196,  201 
Eversion  of  eyelids,  88 
secondary,  89 
Evetsky,  224,  419 
Evisceration  of  the  eye,  610 
Hall’s  method,  611 
Mules’s  method,  611 
Eviscero-neurotomy,  612 
Ewing,  122,  207,  306 
Exaggeration,  tests  for,  84S 
Examination  of  a medical  expert,  840 
of  children’s  eyes,  88 
of  ciliary  body,  100 
of  color-sense,  128 
of  conjunctiva,  89 
of  convergence,  123,  683 
of  cornea,  92,  116 
of  crystalline  lens,  100 
of  eye,  85-157 
of  anterior  chamber  94 
of  balance  of  ocular  muscles,  102,  6S1 
of  caruncle,  92 
of  eyelashes,  86 
of  eyelids,  87 
of  field  of  vision  125 
of  fundus  ocuii  134,  140 
of  iris,  94 

of  lacrimnl  "p)  aratus,  91 

of  kns  98 

of  ug.  t-.:~nse,  127 

of  niv'cela  lutea,  138 

cf  mubcle-balance,  102,  681 

o.’  rr  uscle-power,  109 

if  near  vision,  122 

r[  optic  nerve,  139 

of  orbit,  101 

of  pupil,  95 

of  pupillary  area,  99 

of  refraction,  116,  140-151 

of  sclera,  92 

of  tension  of  the  eye,  100 
of  visual  acuity,  119 
of  visual  field,  124,  126 
of  vitreous  humor,  100 
ophthalmometric,  116 
ophthalmoscopic,  134 
retinoscopic,  144 

Excavation  of  optic-nerve  head,  570 
atrophic,  570 
glaucomatous,  570 
physiologic,  570 
Excision  of  cicatrix,  213 
of  cul-de-sac,  283,  299 
of  eyeball.  See  Enucleation. 
of  lacrimal  sac,  234 
of  superior  sympathetic  ganglion,  586 
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Exciter,  594 
Exciting  eye,  594 
Exenteration  of  the  orbit,  655 
Exfoliation  of  the  iris,  376 
Exophoria,  102,  675 
Exophthalmic  goitre,  644,  790 

eye  symptoms,  of,  87,  644,  790 
nature  of,  647 
prognosis  of,  647 
symptoms  of,  644 
treatment  of,  647 

Exophthalmos,  102,  271,  649,  790 
intermittent,  642 
pulsating,  640 
Exostosis  of  the  orbit,  631 
Exothyropexy,  648 
Exotropia,  676 

Expert  witness,  attendance  of,  in  court,  840 
competency  of,  840 
examination  of,  840 
fees  of,  841 

privileged  communications  to,  841 
Expression  operation  in  trachoma,  283 
External  examination  of  the  eye,  86 
ophthalmoplegia,  670 
rectus  muscle,  14 
paralysis  of,  665,  770 
superior  check  ligament,  17 
Extirpation  of  lacrimal  sac,  234 
Extraction  of  immature  cataract,  461 
of  intra-ocular  cysticercus,  478 
of  lens  in  its  capsule,  460 
of  senile  cataract,  451 
Exudative  chorioiditis,  420,  422 
Eye,  anatomy  of,  8-61 
cardinal  points  of,  63,  712 
nodal  points  of,  62,  65,  66,  713 
optical  defects  of,  68,  714 
reduced,  711 
refracting  media  of,  712 
power  of,  714 
-shade,  761 
schematic,  711 
Eyeball,  anatomy  of,  29 
atrophy  of,  436 
dislocation  of,  649 
foreign  bodies  in,  370 
movements  of,  72,  657 
position  of,  22 

spontaneous  rupture  of,  418,  579 
Eyelashes,  inspection  of,  86 
number  of,  27 

Eyelids,  abscess  of,  162,  194 
absence  of,  15S 
acne  rosacea  of,  180 
Adams’s  operation  on,  210 
adenoma  of  Meibomian  gland  of,  178 
albinism  of,  170 
Aleppo  boil  of,  161 
alopecia  areata  of,  182 
alopecia  of,  182 
Amboyna  button  of,  161 
anakhre  of,  162 
anatomy  of,  25 
ankyloblepharon,  159,  1 >0 
anomalies  of,  15S 
anthrax  of,  162 
argyria  of,  167 
arteries  of,  28 
asteatosis  of,  ISO 

Ball  s operation  ror  t^tropion,  206 
Biskra  button  of,  3 61 
Blasius’s  operation  on,  215 
blastomyoeti  * dermatitis  of,  166 
blephanrs  acarica,  186 
mprginalis,  185 
squamosa,  185 
ulcere  ^a,  185 
bltoharochalasis,  184 
viei  harophymosis,  159,  18S 
Co.  genital,  159 
b’epl  arospasm,  189 
blood-vessels  of,  28 
bullous  affections  of,  165 
burns  of,  194 
Burow’s  operation  on,  203 
cancroid  ulcer  of,  177 
carbuncle  of,  162 
carcinoma  of,  175 
chalazion,  181 


Eyelids,  chalazion  operations,  195 
chancre  of,  173 
chloasma  of,  167 
chromidrosis  of,  179 
colloid  degeneration  of,  179 
coloboma  of,  158,  192,  193 
combined  operation  for  entropion  of,  205 
congenital  anomalies  of,  158 
hyperkeratosis  of,  167 
ptosis  of,  159 
contusion  of,  193 
cornu  cutaneum  of,  168 
cryptophthalmos,  158 
cyst  of,  167 
cysticercus  of,  183 
Darier’s  disease  of,  172 
De  Wecker’s  operation,  196 
Delhi  boil  of,  161 
dermatitis  of,  165 
blastomycetic,  of,  166 
medicamentosa,  of,  165 
dermoid  cyst  of,  167 
development  of,  7 

Dieffenbach’s  operations  on,  210,  215 
discoloration  of,  167 
distichiasis  of,  159,  190 
drooping  of,  191 
ectropion  of,  192,  208 
congenital,  159 
operations  for,  203 
eczema  of,  160 
edema  of,  168,  567 
solid,  169 

elephantiasis  of,  169 
emphysema  of,  184 
entropion  of,  193 
congenital,  159 
epicanthus,  159 
operations,  207 
epithelioma  of,  175,  3 ?6 
erysipelas  of,  163 
erythema  of,  160 
eversion  of,  88 

Ewing’s  operand!  on  lower  lid,  207 
examination  < f,  ^7 
favus  of  1Q3 
fibroma  of,  J 75 
fissures  of,  1 61 
fistula  oi,  159 
fort'<n  bodies  in,  195 
fr^mc^sia  of,  161 
f.-ecUes  of,  170 
Fricke’s  operation  on,  214 
Fucfi’s  operation  on,  201 
furuncle  of,  161 
furunculus  orientalis  of,  161 
| gangrene  of,  179 
i goundon  of,  162 
gumma  of,  173 

gunpowder-grains  in,  167,  195 
hailstone  of,  181 
hare’s  eye,  187 

Hasner  von  Artha’s  operations  on,  215 
hernia  of  fatty  tissue  of,  168 
herpes  of,  163 

Hess’s  operation  for  ptosis,  200 
hives  of,  160 
hordeolum  of,  166 
Hotz’s  operation  on,  206,  212,  213 
hyperemia  of  margins  of,  185 
hyperidrosis  of,  179 
hyperkeratosis  of,  167 
hysteric  alopecia  of,  1S2 
impetigo  of,  161 

in  exophthalmic  goitre,  87,  644,  790 

in  glaucoma,  567 

in  Mikulicz’s  disease,  175 

injuries  of,  193 

inspection  of,  87 

intermarginal  line  of,  26 

Jacob’s  ulcer  of,  177 

Jaesche-Arlt  operation  on,  203 

Kaposi’s  disease  of,  171 

keloid  of,  174 

keratosis  follicularis  of,  172 
Knapp’s  operation  on,  216 
Kuhnt’s  operation  on,  211 
Kuhnt-Szymanowski  operation,  212 
lacerations  of,  193 
lagophthalmos,  187 
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Eyelids,  Le  Fort’s  operation  on,  217 
lentigo  of,  170 
leprosy  of,  174 
lichen  of,  165 
tropicus  of,  180 
lipoma  of,  168 
lupus  erythematosus  of,  172 
vulgaris  of,  173 
lymphangioma  of,  175 
lymphatics  of,  29 
lymphoma  of,  179 
malignant  pustule  of,  162 
marginal  blepharitis,  185 
measles  of,  184 
Meibomian  cyst  of,  181 
microblepharon,  159 
miliaria  of,  180 
milium  of,  180 

molluscum  contagiosum  of,  172 
epitheliale  of,  172 
Motais’s  operation  for  ptosis,  199 
Muller’s  operation  on,  210 
muscles  of,  26 
nsevus  pigmentosus  of,  170 
vasculosus  of,  175 
nerves  of,  29 
neurofibroma  of,  175 
noma  of,  179 
operations  on  the,  195 
Panas’s  operation  for  entropion,  205 
for  ptosis,  197 

parasitic  skin  diseases  of,  182 
pemphigus  of,  165 
perifolliculitis  of,  166 
phagedenic  ulceration  of,  179 
phtheiriasis  of,  186 
phosphoridrosis  of,  179 
pian  of,  161 
pigmentation  of,  791 
plexiform  neuroma  of,  174 
“prickly  heat”  of,  180 
psorophthalmia,  185 
ptosis  of,  159,  191 
punctured  wounds  of,  193 
Reverdin’s  operation,  217 
rhagades  of,  161 

Robertson’s  operation  on  the,  210 
rodent  ulcer  of,  176,  177 
Rollet’s  operation,  216 
rubeola  of,  184 
Sanson’s  operation  on,  210 
sarcoma  of,  177 
scalds  of,  194 
scarlatina  of,  184 
seborrhea  of,  180 
of  palpebral  margins,  185 
serpiginous  syphilide  of,  173 
siderosis  of,  167 
skin  diseases  of,  160 
Snellen’s  operation  on,  204,  207 
spontaneous  gangrene  of,  179 
sporotrichosis  of,  165 
steatoma  of,  180 
structure  of,  25 
stye,  166  ^ * 

sudamina  of,  179 
sycosis  tarsi,  185 
symblepharon,  190 
syphilis  of,  173 

Tansley’s  operation  on  upper  lid,  l9o 
tarsal  tumor,  181 
tarsitis,  163 
tarsorrhaphy,  201 
tattooing  of,  167 
Thiersch’s  operation,  218 
tinea  tarsi,  185 
trichiasis,  190 
operations  for,  202 
tuberculosis  of,  172 
ulcer,  Jacob’s,  177 
uridrosis  of,  179 
urticaria  of,  160 
vaccinia  of,  184 
varicella  of,  1S4 
varicose  veins  of,  1*0 
variola  of,  1S3 
veins  of,  2Q 
verruca  of,  168 

vicario’.  .^'■nstruation  through,  185 
vitiligo  )f.  170 


Eyelids,  von  Ammon’s  operations  on,  201, 
207,  210 

von  Graefe’s  operation  on,  196,  201 
von  Langenbeck’s  operation  on,  2J)8 
Wicherkiewicz’s  operation  on,  207 
Wilder’s  operation  on  upper  lid,  196 
wounds  of,  193 
xanthoma  of,  172 
xeroderma  pigmentosum,  171 
yaws  of,  161 
Eyes,  care  of,  803 
EYRE,  289 


Facial  palsy,  672,  770 
Facultative  hypermetropia,  727 
Falcone,  292 

False  image,  projection  of,  661 
muscular  projection,  663 
passage  by  probe,  227,  236 
Family  ataxia,  785 
Far  point,  68,  723 
Fascia,  oculo-orbital,  11 
inflammation  of,  634 
tarso-orbital,  26,  197,  205,  206,  213 
Fascicular  keratitis,  273 
palsies,  668,  671,  769 

Fat  and  fatty  degeneration,  demonstration 
of,  833 

Fatigue-field,  792 

Fees  of  an  expert  witness,  841 

Fehr,  243 

Feigned  blindness,  844 
Ferri,  645 
Ferry,  219 
Fetal  eye-cup,  4 
lens,  dimensions  of,  51 
optic  nerve,  5 
retina,  5 

vitreous  humor,  3 
Fibres  of  crystalline  lens,  52 
of  Muller,  44 
of  optic  commissure,  47 
Fibrillary  contraction  of  orbicularis  musoK 
189 

Fibrin,  demonstration  of,  834 
Fibrinous  iritis,  385 
Fibroma,  of  conjunctiva,  240 
of  cornea,  305 
of  eyelids,  175 

Fibromatosis  nervi  optici,  53C 
Fibrous  coat  of  eye,  30 
Fick,  345,  385 
illustration  from,  129 
Field  of  fixation,  662 
of  vision,  77 
dimensions  of,  78 
examination  of,  12p 
fatigue,  79? 
in  acromeg  ib'a,  788 
in  amblyopia  f78 
in  brail  tumor,  780 
in  chiasmal  lesions,  776 
iL  epiie)Si,  789 
.a  . xeplithalmic  goitre,  791 
m Friedreich’s  ataxia,  785 
iL  glaucoma,  569,  572 
in  hysteria,  778,  793 
in  locomotor  ataxia,  784 
in  migraine,  786 
in  multiple  neuritis,  786 
in  multiple  sclerosis,  783 
in  neurasthenia,  791,  792 
in  ocular  neuroses,  795 
in  optic  nerve  atrophy,  545 
in  optic  neuritis,  533 
in  paralyzing  vertigo,  788 
in  progressive  myelitis,  785 
in  syringomyelia,  789 
in  toxic  amblyopia,  542 
method  of  examining,  125 
oscillating,  792 
reversal  of,  558 
Fifth  nerve,  19,  316 
Filamentary  keratitis,  332 
Filaria  in  anterior  chamber,  396 
in  lens,  471 
in  the  orbit,  628 
subconjunctival,  285 
Filehne,  790 

Filix  mas,  amblyopia  from,  542 
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Filtration  angle.  See  Iridocorneal  angle. 
chemosis,  293 
edema,  457 
Finite  rays,  694 
Finsen’s  light,  177 
First  principal  focus,  63,  713 
Fisch,  C.,  181 
Fischer,  496 

Fischer,  W.  E.,  chapter  contributed  by,  819 
Fisher,  W.  A.,  371,  372 
Fissure,  fronto-maxillary,  159 
sphenoidal,  9 
spheno-maxillary,  10 
Fistula  of  the  cornea,  308,  342,  346 
lacrimal,  227 
of  lacrimal  gland,  221 
of  lacrimal  sac,  231 
of  orbit,  630 
spurious,  346 
treatment  of,  347 
true,  346 

Fistulous  staphyloma,  346 
Fitzgerald,  644 
Fixation  test,  103 
Fixed  cells  of  cornea,  31 
Fixing  eye  specimens,  820 
Flemming’s  solution,  S22 
Flexner,  482 
Flimmerskotom,  557 
Fluorescin,  91,  93,  314,  875 
Focal  illumination,  93 
lesions  of  the  brain,  776 
Focus,  anterior  principal,  63 
conjugate,  694,  703 
definition  of  a,  693 
first  principal,  63,  713 
negative,  693 
positive,  693 
posterior  principal,  62 
principal,  694,  705,  713 
real,  693 

second  principal,  63,  713 
secondary,  702 
virtual,  693 

Follicular  conjunctivitis,  254,  257 
diagnosis,  258 
etiology,  258 
pathology,  258 
prognosis,  258 
symptoms,  258 
treatment,  258 
ophthalmia,  257 
trachoma,  257 

Follicles  in  drug  conjunctivitis,  259 
Folliculosis,  257 
Follin,  illustration  from,  67 
Fontana  spaces  of,  31,  41,  562 
Foramina  of  orbit,  9 

Foreign  bodies  in  anterior  chamber,  3P6 
in  ciliary  body,  409 
in  conjunctiva,  294 
in  cornea,  354 
in  crystalline  lens,  472 
in  eyeball,  370 
in  eyelids,  195 
in  iris,  395 

in  lacrimal  passages,  223 
in  orbit,  652 
in  sclera,  370 
in  vitreous  humor,  ^80 
localization  of,  152 
magnetic,  371 
non-magnetic,  37,.' 

Form-sense,  139 
Formalin,  26« 

Formol,  82a 
-Miillc'"  fluid,  321 
Fornices,  25 

Fornix,  examination  of  lower,  89 
exan  ination  of  upper,  89 
F&rstlr  127,  423,  467,  501,  509,  510,  643, 

phUoneter  of,  127 
Fourth  nerve,  19 
paralysis  of,  770 

Fovea  centralis,  anatomy  of,  42,  46 
reflex  of,  Plate  V,  60 
Fox,  L.  W.,  460,  614 
Fracture  of  ethmoid  bone,  293,  649 
of  lamina  cribrosa,  649 


Fracture  of  optic  foramen,  560,  648 
of  orbital  bones,  650 
Francisco,  268 
Fresnel,  692 

Fricke’s  blepharoplasty,  214 
Fridenberg,  152,  513 
Friedenwald,  387,  558 
Friedreich’s  ataxia,  674,  785 
Fries,  553,  555 
Fromaget,  221 
Frontal  bone,  8 
nerve,  18 

sinus,  diseases  of,  635 
Fronto-maxillary  fissure,  159 
Frost,  421,  499,  515,  612,  641 
method  of  implantation  of  sphere,  612 
Friijahr’s  catarrh.  See  Vernal  conjunctivitis. 
Fuchs,  13,  41,  56,  164,  201,  286,  287,  288 
311,  360,  415,  418,  4S6,  492,  498 
513,  642 

Fuchsin,  828,  S29 
Fugacious  episcleritis,  363 
Fukala,  748 

Functional  position  of  rest, 

Functions  of  the  iris,  70 
of  the  retina,  77 
Fundus  oculi,  anatomy  of,  „„ 

appearance  of  normal— Plates  II,  HI,  and 


73 


56 


examination  of,  140 
normal,  56 

of  albino— Fig.  2,  Plate  III 
of  brunette— Fig.  2,  Plate  II 
variations  in,  59 
Fundus-reflex  test,  144 
Fungus  ha'matodes  oculi,  482. 

trichophyton,  186 
Fusion,  centre,  676 
faculty,  732 
of  images,  679 


Gaillard,  206 
Galassi’s  reflex,  96 

Galezowski,  220  250,  299,  3S9,  496,  498, 
505,  522 
Gallenga,  202 

Gamma,  a xgle,  69,  717,  728,  745 
Gamo  Pin  3 6 
Ganglion,  c iliary,  17 
Gass  *ian,  164,  200,  317 
inferic.'  cervical,  20 
lenticular,  17 
m.ldlf  sympathetic,  20 
nervl  optici,  44 
of  Meckel,  19 
(phthalmic,  17 
superior  cervical,  19 
Gangrene  of  eyelids,  179 
jArgarin,  315 
Gas  for  illumination,  806 
Gasparini,  252 
Gauss,  711,  712 
Gay,  550 

Gayet’s  iridectomy,  400 
operation,  355,  358 
Gelsemium,  190 
General  examination,  86 
paralysis  of  the  insane,  787 
Gensoul,  229 
Gentian-violet  reaction,  836 
Gerlach,  illustration  from,  12 
Gerlier’s  disease,  788 
Gerontoxon  corneae,  349 
Gescheidt,  489 
Gessner,  643 
Giant  magnet,  371 

Gifford,  165,  251,  252.  256,  275,  276  498 
605,  615,  646,  791  ’ ’ *yo' 

reflex,  96 
Gilfillan,  418 

Gillet  de  Grandmont,  201  525 
Gimurto,  517 
Glands,  acino-tubular,  27 
accessory,  23 
cervical,  289 
ciliary,  38 
lacrimal,  7,  22 
of  Henle,  27 

of  Krause.  See  Glands,  acino-tubular. 
of  Meibomius,  27 
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Glands  of  Moll,  26 
of  Waldeyer,  27 
of  Zeis,  27,  166 

pre-auricular,  173,  176,  184,  263,  2-75, 
289  290 

submaxillary,  175,  176,  184,  275,  289 
Glass  eyes.  See  Artificial  eyes. 
shield  after  symblepharon  operation,  299 
vitreous,  611 

Glasses.  See  Lenses  and  Spectacles. 
Glaucoma,  418,  562 
absolutum,  579 

accidents  attending  operations  for,  585, 
591,  593 

acute  inflammatory,  576 
after  cataract  operation,  458 
anatomic  changes  in,  567 
anterior,  569 
anterior  chamber  in,  568 
ciliary  arteries  in,  567 
ciliary  veins  in,  567 
sclerotomy  in,  591 
aqueous  humor  in,  569 
arecolin  in,  576 
atropin  in,  585 

canal  of  Schlemm  in,  582,  584,  590 
cataract  as  a cause  of,  564 
cataract  in,  568,  569 

causes  of  increased  tension,  563,  564,  565, 

578,  581,  582,  583 
cervical  sympathetic  in,  565 

changes  in  intra-ocular  contents  in,  569 

chorioid  in,  568 

chronic  irritative,  575 

ciliary  body  in,  568 

clinical  varieties  of,  571 

cocain  in,  576 

combined  iridectomy  and  sclerectomy  for, 

585 

congenital,  581 
cornea  in,  567 
crystalline  lens  in,  56S 
cycliocotomy  for  relief  of,  590 
cyclocialysis  in,  593 
definition  of,  562,  563 
de  Wecker’s  method  in,  592 
diagnosis  of,  573 
dilation  of  pupils  in,  568 
edema  theory  of,  563 
efficacy  of  iridectomy  in,  575 
Elliot’s  operation  for,  593 
enucleation  for,  581 
eserin  in,  573,  575,  576,  586 
etiology  of,  564,  578,  582,  583 
excision  of  cervical  sympathetic  ganglion 
in,  586 

eyelids  in,  567 

eye-strain  as  a cause  of,  564 

fulminans,  577 

general  considerations  of,  563 
halo  in,  567,  571 
Hancock’s  operation  for,  590 
Heine’s  operation  for,  593 
hemorrhages  in,  577 
hemorrhagic,  493,  577 
heredity  of,  564 
infantile,  581 

intra-ocular  tension  in,  563,  567,  572,  575, 
576,  577,  579,  581,  583 
iridectomy  in,  574,  575,  576,  577,  578, 

579,  582,  584,  585,  586 
iris  in,  568 

Lagrange’s  operation  for,  585 
lens  in,  568 

macroscopic  changes  in  eyeball  in  *.'06 
malignant,  579 
miotics  in,  575 
nasal  disease  in,  564 
operations  for  relief  of,  5°4 
ophthalmoscopic  signs  of,  509 
optic  nerve  in,  569 
pain  in,  573,  575,  576.  580 
pathology  of,  565  578 
pilocarpin  in,  576 
posterior,  569 
sclerotomy  in,  592 
post-iritic,  38  ' 
prevention  oi  5S0 
prognosis  f,  i 79 
Quagliru’ 3 method  in,  591 


Glaucoma,  retina  in,  568 
rupture  of  the  eyeball  in,  579 
sclera  in,  567 
sclerocyclotomy  for,  590 
sclerotomy  in,  590,  591,  592 
secondary,  458,  583 
signs  of,  ophthalmoscopic,  569 
simplex,  571 

subconjunctival  injections  for,  577 
sympathetic-nerve  disease  as  a cause  of, 
565 

sympatheticectomy  for,  574,  576,  579,  586 
symptoms  of,  572,  575,  576,  577,  579 
treatment  of,  573,  574,  575,  576,  577,  579, 
580,  582,  583 

trephining  of  sclera  for,  593 
unaffected  eye  in,  580 
vascular  changes,  as  a cause  of,  505 
weather  conditions  as  a cause  of,  564 
Glaucomatous  cataract,  568 
degeneration,  579 
excavation,  570 

eyes,  anatomic  changes  in,  567 
halo,  571 

Glioma  of  the  retina,  482 
Globe.  See  Eyeball. 

Glorieux,  259 

Glycogen,  demonstration  of,  837 
Glycosuric  cataract,  449 
retinitis,  503 

Goitre,  exophthalmic,  644 
Goldberg,  Harold  G.,  chapter  contributed 
by,  803 

Goldzieher,  23,  275,  433 
Golgi,  43 
Gonin  549 
Gonococcus,  267 
Gonorrheal  conjunctivitis,  262 
iridochorioiditis,  427 
iritis,  389 

ophthalmia  of  the  adult,  263 
of  the  newborn,  267 
Gonzales,  539 
Gordon,  647 
Gossetti,  270 
Gould,  377,  548,  551 
Goundon,  162 
Gouty  retinitis,  511 
Gowers,  644,  770,  771,  7S5,  792 
Gradle,  273,  274 
Graduated  tenotomy,  68S 
Grafting  of  skin,  Lefort’f  me^.'lO*,  214,  217 

Italian  method,  216 
Ollier’s  method,  2 4 
Reverdin’s  method,  214,  217 
Tagliacozzi’s  me'.u<_d,  216 
Thiersch’s  methtd,  1 14,  218 
Grafts  in  ectropion  operations,  213 
in  pterygium  o*  erations,  297 
in  symblepba  oD  operations,  299 
Gram’s  me' no!  of  staining,  832 
Gram-Wftg.',R't  method  of  staining,  838 
GbandclAment,  268,  390,  393 
Granular  conjunctivitis,  277 
GraniJaJon,  false,  258 
t.  uc,  258,  277 
rim'/rs  of  conjunctiva,  241 
Graadloma  of  conjunctiva,  241 
< f iris,  380 

Cratiolet,  radiations  of,  82,  773 
Grattage,  283,  300 
Graves’s  disease,  644,  790 
Greeff,  45,  324,  366 
Green  vision,  559 

Grenacher,  methods  of  staining,  S27,  828 
Griffith,  A.  Hill,  339,  415.  426,  427,  644 
Griffith’s  method  of  bleaching,  823 
Grill-like  keratitis,  339 
Grindon,  J.,  illustration  from,  178 
Grizon  525 

Groenouw,  263,  269,  390,  504,  505,  510, 
553,  554 
Gros  nez,  162 
Grosz,  553 
Gruening,  531 
GrAnbaum,  782 

Guende,  ocular  palsy  chart  of,  606 
Guiata  237,  420 
Gumma  of  chorioid,  419 
of  ciliary  body,  405 
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Gumma  of  conjunctiva,  292 
of  cornea,  341 
of  eyelid,  173 
of  iris,  386 
of  orbit,  630 
of  sclera,  373 
Gummatous  iritis,  385 
Gumpper,  601 
Gunn,  515,  540 
Gunn’s  dots,  515 
Gurwitsch,  508 

Gymnastic  exercise  by  prisms,  685 

Haab,  96,  339,  372,  373,  380,  432,  494,  600 
magnet  operations,  372 
Hack,  644 
Haglund,  269 

Hair  of  caterpillar  in  conjunctiva,  285 
Hair-optometer,  122 
use  of,  122,  123,  124 
Hala,  181 

Halberstaedter,  277 
Hale,  390 
Half-blindness,  775 
-sight,  558.  See  Hemianopsia. 

Hall,  Ernest,  611,  613 
Haller,  Albrecht  von,  750 
circle  of,  49 
tunica  vasculosa  of,  39 
Hallucinations,  visual,  777,  779 
Halo  in  glaucoma,  567 
Hamilton,  471 

Hancock’s  operation  for  glaucoma,  590 
Hann,  525 
Hansell,  252 

Hardening  of  eye  specimens,  824 
Harman’s  diaphragm  test,  110 
Harlan,  135,  298,  400 
operation  for  symblepharon,  298 
Hartley,  639 
Hartridge,  438,  625,  738 
Hasner,  361 

Hasner  (Ritter  von  Artha),  blepharoplasty, 
215,  216 

Haug,  method  of,  823 
Hays’s  method  of  discission,  466 
Head,  164 

Healing  of  corneal  wounds,  353 
Hebra,  187 
ointment  of,  187 
Heine,  67,  722 
Heisrath’s  operation,  299 
Helmholtz,  51,  66,  67,  82,  551,  714,  719, 
727 

ophthalmoscope  of,  134 
theory  of  accommodation  of,  66,  729 
Helmholtz-Young  theory  of  color-percer  | 
tion,  551  . 

Hemalaun,  826 
Hemalaun-eosin,  829 
Hematoxylin,  827 
Hemeralopia,  557 
Hemianopsia,  126,  775 
absolute,  775 
altitudinal,  776 
binasal,  126 
bitemporal,  776 
complete,  775 
double,  778 
heteronymous,  775 
homonymous,  126  7 .'5 
diagram  illustrating,  775 
in  focal  brain  dLeasj,  776 
incomplete,  775 
inferior,  776 
lesions  producing,  776 
relati  *e,  776 
superic ' 776 

Hemianopi.o  pupil-symptom  of  Wernicke,  98, 
777 

pupilary  inaction,  97 
Tl^.nonhage,  amblyopia  from,  553 
be  lea  .h  conjunctiva,  293 
horioidal,  433 

during  cataract  extraction,  454 
following  cataract  extraction,  455 
from  the  conjunctiva,  291 
in  glaucoma,  577 
into  cornea,  353 
into  orbit,  639 


Hemorrhage  into  retina,  492 
into  sheath  of  optic  nerve,  549 
into  vitreous  humor,  476 
Hemorrhages  in  myopia,  745 
Hemorrhagic  glaucoma,  493,  577 
retinitis,  492 
Hemostasis,  local,  802 
Henle,  46,  55, 
glands  of,  27 
layer  of,  46 
Henoch,  771 

Henry,  photometer  of,  128 
Henschen,  773 

Herbert,  276,  281,  456,  457,  593 
Hering,  151 
experiment  of,  151 
theory  of  color-blindness,  551 
Hernia  of  Descemet’s  membrane,  308 
of  iris,  395 

after  accidental  injury,  395 
after  cataract  extraction,  458 
during  cataract  extraction,  454 
of  orbital  fatty  tissue,  168 
Herpes  conjunctive,  274 
corneae,  333,  336 
frontalis,  163 

zoster  ophthalmicus,  163,  786 
Hertel,  490 

Hertzell,  ophthalmo-diaphanoscope  of,  157, 
417 

Hess’s  operation  for  ptosis,  200 
Heterochromia,  376 
Heterograft,  216 
Heterophoria,  102,  680 
graduated  tenotomy  for,  688 
symptoms  of,  684 
tests  for,  681 
treatment  of,  685 
varieties  of,  675 

Heterophthalmos.  See  H,^roc,.romia. 
Heterotropia,  674 
causes  of,  675 
general  symptoir  s c p,  6 ’5 
treatment  of,  679,  6Cn 
Hetol,  302 
Heuse,  605 
HEUSTIS, 

Hey mann  349,  50~ 

Hexagonal  oign  ent-cells  of  the  retina,  44 
Higgi  ss,  224,  644 
Higgs,  748 

Higtimole,  antrum  of,  9,  102,  619 
Hil  BER  \ 284 

Hipp  '«■,  98,  396,  773,  782,  7S9 
Hirsch,  512,  513 

ti:rschberg,  115,  417,  430,  479,  4S5,  503, 
553,  555,  600 
magnet  of,  371 

method  of  measuring  strabismus,  115 
Hirst,  616 
His,  8,  65 
History  of  cases,  85 
Hives,  160 
Hoffmann,  271 

Holden,  417,  513,  518,  519,  555 
“Holes”  in  the  macula,  522 
Holloway,  640,  641,  642 
Holmes,  C.  R.,  231,  235,  284 
Holocain,  255,  295, 

Holth’s  operation  for  glaucoma,  397 
Homatropin,  95,  133,  868 
Homen’s  sign,  791 
Homonymous  hemianopsia,  775,  776 
images,  664 
Hordeolum,  166 
Horner,  275,  345,  380,  546 
muscle  of,  24 

Horny  growths.  See  Cornu  cutaneum. 
Horopter,  75,  76 
Hortsmann,  522 

Hot  applications  in  conjunctivitis,  251,  254, 
257,  270 

in  dacryocystitis,  226 
in  episcleritis,  363 
in  iritis,  392 
in  keratitis,  314 
in  orbital  cellulitis,  633 
in  orbital  periostitis,  631 
in  scleritis,  366 
“Hot  eye,”  363 
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Hotz,  206,  212,  213,  297,  299,  300,  494 
operation  of,  for  ectropion,  212 
entropion,  206 
Howe,  Lucien  17,  510 
Huizinga,  612 

Humor,  aqueous,  38,  54,  382,  396,  562,  569 
composition  of,  54 
in  glaucoma,  569 
secretion  of,  38 
turbidity  of,  in  iritis,  382 
vitreous,  54 
diseases  of,  473 
Hutchinson,  163,  388,  424 
teeth,  323  ^ o 

Huyghenns’s  theory  of  light,  692 
Hyalin  and  colloid  degeneration,  demonstra- 
tion of,  835 

Hyalitis,  387,  473,  487 
acute  suppurative,  487 
suppurative,  474 
Hyaloid  artery,  57,  473 
persistent,  473 
membrane,  55 
Hydrocephalus,  788 
Hydrogen  peroxid,  823 
Hydrophthalmos,  acquired,  581 
congenital,  582 
treatment  of,  582 
Hydrophthalmoscope,  144 
Hygiene  of  the  eyes,  803 
Hyoscin,  95,  133 
Hyoscyamin,  133 
Hyperboloid  lenses,  345 
Hyperemia,  of  conjunctiva,  248 
of  chorioid,  699 

of  conjunctiva,  active,  248,  249 
passive,  248,  250 
of  iris,  381 
of  lid  margins,  185 
of  optic-nerve  head,  534 
posterior  conjunctival,  90,  248 
of  retina,  489,  490 
Hyperesophoria,  103,  675 
Hyperesthesia  of  retina,^  526 
Hyperexophoria,  102,  675 
Hyperidrosis,  179 
Hyperkeratosis,  167 
Hypermetropia,  725 
absolute,  728 
amount  of,  727 
angle  alpha  in,  728,  731 
axial,  727 

axial  shortening  in,  727 

complications  and  sequelae  of,  < 32 

curvature,  727 

definition  of,  725 

diagnosis  of,  733 

diminishing,  722 

etiology  of,  728 

facultative,  727 

in  strabismus,  675,  731 

index,  727 

latent,  727 

manifest,  727 

measurement  of  amount  of,  <33 
ophthalmoscopic  appearances,  732 
ophthalmoscopy  in,  141 
optical  condition,  725 
pathology  of,  729 
relative,  728 
retinal  image  in,  716 
symptoms  of,  729 
total,  727 
treatment  of,  733 
varieties  of,  727 
Hypermetropic  disc,  542,  73? 
Hypernephroma  of  iris,  38c 
Hyperopia.  See  Hypermetropia. 
Hyperostosis,  of  orbit,  631 
Hyperphoria,  102,  675 
Hypertrophy  of  lacrimal  gland,  220 
Hypertropia,  675 
Hyphemia,  394,  3,'7 
Hypoesophoria,  103 
HypoexophorK,  n02 
Hypometropia.  See  Myopia. 

Hypophori  t, 

Hypopyc  i n corneal  ulcer,  306 
-kcraciiis,  311 


Hypopyon,  source  of,  306 
Hypotony,  583 
Hysteria,  793 
Hysteric  alopecia,  1S2 
amblyopia,  526,  558,  793 
blepharospasm,  189 
blindness  during  the  puerperium,  509 
changes  in  the  color-fields,  793 
cyclospasm,  794 
diplopia,  794 
ophthalmoplegia,  794 
paralysis  of  accommodation,  794 
pseudoptosis,  794 
ptosis,  794 

Ichthyol,  283 
Ichthyosis,  280 
Identical  points,  75 
Idiocy,  amaurotic  family,  512,  <8< 

Illumination  by  retinoscopy  mirror,  93 
artificial,  804 
focal,  93 
oblique,  93 

Image,  inversion  of,  81 
construction  of,  715 
formation  of,  on  the  retina,  64 
retinal,  65,  715 
size  of,  66 

size  of  ophthalmoscopic,  139 
Images,  mechanism  of  formation  of,  62 
by  lenses,  704,  705,  706 
by  mirrors,  696,  697 
Imbedding,  methods  of,  824 
Impetigo,  161 

Implantation  of  artificial  vitreous  in  sclera, 
611 

into  Tenon’s  capsule,  612 
cyst  of  iris,  377 

Inch  system  of  numbering  glasses,  <07 
Incidence,  angle  of,  695 
Incident,  ray,  695 
Index  of  refraction,  693 
absolute,  700 
of  air,  64 

of  aqueous  humor,  64 
of  cornea,  64 
of  crown  glass,  700 
of  crystalline  lens,  64 
of  flint  glass,  700 
of  quartz,  700 
of  reduced  eye,  65 
of  vacuum,  700 
of  vitreous  humor,  64 
of  water,  64 
relative,  700 

Indications  for  em.ci'at’on,  606 
Indices  of  refraction,  700 
Indirect  ophthalmoscopy,  130,  13  <,  loS 
vision,  79 

Inequality  of  pupils,  95 

Infantile  nmuurotic  family  idiocy,  512,  <87 
paralyQis,  7^8 

Infecte  1 wou^us  of  eyeball,  3<0 
Inf'U'.'U  "p\vical  ganglion,  20 
Inferior  oblique  muscle,  15,  658,  666,  6S9 
ai.atimy  of,  15 
action  of,  658 
paralysis  of,  666 
tenotomy  of,  689 

Inferior  rectus  muscle,  15,  657,  66o,  007 
action  of,  657 
anatomy  of,  15 
paralysis  of,  665,  667 
Infiltration  anesthesia,  802 
Infinite  rays,  694 
Infra-orbital  foramen,  10 
nerve,  10 
vessels  10 

Injected  blood-vessels  of  iris,  etc.  (Fig.  35), 
36 

Injection,  ciliary,  248 
conjunctival,  248 
Injections,  subconjunctival,  302 
in  detachment  of  the  retina,  o2o 
in  glaucoma,  577 
in  ulcers  of  the  cornea,  315 
Injuries  of  chorioid,  433 
of  ciliary  body,  409 
of  conjunctiva,  294 
of  cornea,  351 
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Injuries  of  crystalline  lens,  471 
of  eyelids,  193 
of  iris,  394 
of  optic  nerve,  560 
of  orbit,  648 
of  retina,  521 
of  sclera,  368 
to  spinal  cord,  791 
Insane,  general  paralysis  of  the,  7S7 
Insanity,  787 
Inspection  of  the  eye,  86 
Instruments,  preparation  of,  799 
Insufficiency  of  ocular  muscles.  See  Hetero- 
phoria. 

Intermarginal  line,  26,  203 
Intermuscular  cone  of  fat,  22 
Internal  examination  of  the  eye,  132 
Internal  rectus  muscle,  15 
advancement  of,  689 
paralysis  of,  665 
tenotomy  of,  687 

Internal  superior  check  ligament,  17 
Interorbital  space,  11 
Intervaginal  space,  48,  56 
Intracranial  tumor,  508,  534,  780,  781 
Intra-ocular  cysticercus,  381,  418,  478,  487 
hemorrhage,  394,  433,  454,  455,  476,  492, 
494,  521 

injections,  525,  605 
tension,  normal,  100,  562 
tumors,  377,  378,  380,  404,  414,  482 
Intumescent  cataract,  564 
Inversion  of  the  image,  81 
of  the  iris,  395 
Inverted  image  of  fundus,  136 
Iodic  acid,  283 

Iodid  of  potassium,  166,  174,  175,  292,  293, 
497,  511,  672 

Iodin  injections  in  retinal  detachment,  525 
reaction,  836 
Iodoform,  290,  301,  475 
amblyopia  from,  542 
in  lymphoma  of  the  conjunctiva,  276 
use  of,  in  anterior  chamber,  433,  456 
Iona,  270 

Iridal  part  of  the  retina,  46 
Iridectomy,  397,  584 
accidents  during,  400 
Deschamps’s  method,  400 
Gayet’s  method,  400 
in  aphakic  eyes,  400,  585 
in  cataract  extraction,  453,  458 
in  corneal  diseases,  316,  330,  336,  343, 
348,  351,  353 
in  corneal  opacity,  351 
in  detachment  of  the  retina,  525 
in  glaucoma,  397,  584 
in  hemorrhagic  glaucoma,  578,  579 
in  hydrophthalmos,  582 
in  iritis,  392,  393 
in  juvenile  cataract,  463 
in  obliteration  of  the  anterior  cboTUL°r,  400 
in  prolapse  of  iris,  395 
in  pterygium,  287 
in  sympathetic  ophthalmias,  6^5 
in  uveitd  irienne,  394 
instruments  for,  398 
intra-ocular  hemorrhage  after,  400,  585 
method  of  performing.  0..S 
optical,  397 

in  cataract  extracts  , 458 
preliminary  to  cat*  ract  extraction,  399, 
459 

Iridenkleisis,  S'  5,  .’01 
Irideremia.  L^e  iniridia. 

traumai.",  391,  395 
Iridesis.  S>^  Iridodesis. 

Iridocapsu'otemy,  401 
Iridochorioiuitis,  387,  427 
gono  ’rheal,  427 
Iridocoi  neal  angle,  41 
Trim  eye  itis,  387,  418,  595 
aft^r  cataract  extraction,  456 
endogenous,  409 
plastica,  408 
serous,  406 

spontaneous  chronic,  606 
sympathetic.  See  Sympathetic  ophthalmitis. 
Iridocystectomy,  403 
Iridodesis,  39* 


Iridodialysis,  394,  400,  405,  585 
Iridodonesis,  95,  396 
Irido-ectomy,  403 
Irido-enkleisis,  397 
Iridoplegia.  See  Paralytic  mydriasis. 
Irido-sclerectomy,  585 
Iridotomy,  401 
Ziegler’s  method  of,  401 
Iris,  absence  of,  376 
absence  of  pigment  in,  376 
adhesion  of,  to  the  cornea,  377 
anatomy  of,  33 
anomalies  of,  374 
anteversion  of,  395 
arteries  of,  35 
blood-vessels  of,  34,  35 
bombe,  387,  400 
bridge  coloboma  of,  374 
cholesteatoma  of,  378 
chromatic  asymmetry  of,  376 
coloboma  of,  374 
color  of,  33 

complete  detachment  of,  395 
congenital  anomalies  of,  374 
atrophy  of,  377 
tumors  of,  377 
contraction  of,  71,  96 
cysticercus  of,  381 
cysts  of,  377 
development  of,  4 
-diaphragm,  for  retinoscopy,  147 
dilation  of,  71,  96 
dilator  muscle  of,  34 
diseases  of,  374-403 

displacement  of.  See  Injuries  of  thr  iris . 

ectropion  of  the  uvea,  376 

examination  of,  94 

exfoliation  of,  376 

filaria  of,  381 

foreign  bodies  in,  396 

functional  disorders  ?96 

functions  of,  70 

granuloma  of,  38. 

gummatous  inf amm <»tion  of,  385 

hyperemia  of,  38i 

hypernep\iu^a  of,  380 

implant*  tion  iysc-  of,  377 

-inaction  of  V ermcke,  98,  777,  7S1 

inca  cerativ._  of.  See  Prolapse  of  iris. 

infla)  mation  of,  381 

injuries  of,  394 

in  rers'on  of,  395 

laceration  of  sphincter  of,  395 

leprosy  of,  380 

Jvmphomata  of,  380 

melanoma  of,  376 

mobility  of,  96 

I motor  disturbances  of,  396,  673,  769,  772, 
773,  780,  782,  783,  785,  786,  787, 
788,  789,  791,  795 
muscle-fibers  of,  34 
myomata  of,  380 
myosarcomata  of,  380 
nerves  of,  36 
nevus  of,  380 
operations  on,  397 
papilloma  of,  376 
paralysis  of,  97,  673 
pearl-cysts  of,  378 
physiology  of,  70-72 
pigment  of,  34 
prolapse  of,  395,  454,  458 
after  cataract  extraction,  454,  458 
pupillary  membrane  of,  374 
radial  section  of  (Fig.  33),  34 
retention  cysts  of,  377 
rupture  of,  394,  395 
sarcoma  of,  378 
serous  cysts  of,  377 
sphincter  of,  34 
sporotrichosis  of,  381 
total  prolapse  of,  309 
transfixion  of,  400 
tremulous.  See  Iridodonesis. 
tubercle  of,  3S0 
tumors  of,  377 
unusual  tumors  of,  380 
vascular  tumors  of,  380 
veins  of,  36 
voluntary,  95 
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Iris,  wounds  of,  394 
Iritis,  265,  289,  291,  293,  381-394 
after  cataract  operations,  456 
causes  of,  388 
complications  of,  387 
congenital,  388 
diabetic,  388 
diagnosis  of,  383 
etiology  of,  387 
fibrinous,  385 
gonorrheal,  389 
gummatous,  385 
infectious,  393 
iridectomy  in,  393 
operative  treatment  of,  393 
papulosa,  386 
parenchymatous,  385 
pathology  of,  386 
plastic,  384 
prognosis  of,  390 
purulent,  385 
refraction  changes  in,  394 
rheumatic,  388 
senile,  389 
serous,  384 
sequelae  of,  387 
spongy,  385 
suppurative,  385 
sympathetic,  599 
serous,  599 
symptoms  of,  382 
syphilitic,  385 
traumatic,  388 
treatment  of,  391 
tubercular,  386 
varieties  of,  384 
Iritomy,  401 

Iron,  demonstration  of,  837 
Irradiation,  81 

Irregular  astigmatism,  70,  150,  751,  757 
Irritation  of  the  retina,  526 
Ischemia  of  retina,  489 
Isolated  dots  in  the  retina,  515 
Iwanoff,  281,  321 
illustrations  from,  39 

Jackson,  E.,  93,  135,  758,  800 
binocular  magnifier  of,  93,  95 
Jackson,  Hughlings,  537 
Jacob’s  ulcer,  170,  177 

Jacobson,  diffuse  syphilitic  retinitis  of,  501 
Jaeger,  58,  203,  425 
Jaencke,  525 
Jaesche,  299 

Jaesche-Arlt  operation  for  trichiasis,  203 
Jamaica  ginger,  amblyopia  from,  544 
Janet,  794 
Jansson,  156 
Javal  73 

Javal-Schioetz  ophthalmometer,  117,  119 
Jeffries,  771 
Jellinck,  791 

Jennings,  J.  E.,  illustrations  from,  78,  82, 
571 

Jensen,  525 
Jequirity,  269,  284,  874 
use  of,  in  pannus,  328 
use  of,  in  trachoma,  284 
Jessup,  496 
Jocqs,  467,  468 
Johnson,  371,  582 
Johnson,  G.  Lindsay,  60,  412 
Jonnesco,  584 
Juda,  243 
JULER,  258 
Junius,  252 

Junction,  corneoscleral,  anato.nj  o'  40 
Jung,  486 

Juvenile  cataract,  operation  for,  463 

Kagenaar,  ophtholmomet^r  of,  117 
Kaiserling’s  method  cf  preserving  eyeballs, 
820 

Kalt,  225,  459 
suture,  459 

Kataphoria.  Se„  ^ntnph^ria. 

Katatropia.  Set.  Cc  t atropia . 

Keber,  illustn  tion  from,  174 
Keloid,  17*1 
KeratectPJia,  6 


Keratite  en  bandelette,  334 
quadrillee,  339 
Keratitis,  305 

after  cataract  extraction,  456 
aspergillar,  330 
bullosa,  329 
calcareous,  334 
central  annular,  323 
dendritica  exulcerans  mycotica,  331 
disc-like,  339 
e lagophthalmo,  317 
eczematous,  320 
fascicular,  273,  320 
filamentary,  332 
gitterformige,  339 
grill-like,  339 
herpetic,  336 
hypopyon  in,  306,  311 
hypopyon-,  311 
interstitial,  321 
diagnosis  of,  324 
etiology  of,  321 
pathology  of,  324 
prognosis  of,  324 
symptoms  of,  322 
treatment  of,  325 
lagophthalmic,  317 
macular,  333 
malarial,  331 
marginal,  337 
phlyctenular,  320 
marginalis  profunda,  337 
neuroparalytic,  316 
neuropathic,  316 
nodular,  333 
nummular,  333 
opacities  due  to,  350 
parenchymatous,  321 
phlyctenular,  320 
diagnosis  of,  321 
pathology  of,  321 
prognosis  of,  321 
symptoms  of,  320 
treatment  of,  321 
profunda,  321 
punctata,  406,  407 
profunda,  333 
superficial  (Fuchs),  333 
ribbon-shaped,  334 
sclerosing,  364 
scrofulous,  320 
sequelae  of,  309 
specific,  321 
striate,  338 
striped,  338 
strumous,  320,  3r-l 
subepithelialis  centra1  is,  333 
superficial  punctate,  333 
suppurative, 
symptoms  < f , 305 
traumatic  3tl 
trophic^, 

ulc^ra‘  h a,  marginalis,  337 

rarifc'-it.'  of,  307 

vasc  ikr,  325 

•\  asv  u.arization  in,  306 

vesi  ulosa,  329 

xerotic,  318 

j onular,  334 

Keratocele,  308.  342,  346 
Keratoconus,  303,  344 
pathology  of,  345 
prognosis  of,  345 
symptoms  of,  344 
treatment  of,  345,  355 
Keratoglobus,  303,  345 
Kerato-iritis,  305 
Keratomalacia,  288,  318 
Keratometry,  116 
Keratomycosis  aspergillina,  330 
Keratonyxis,  462 
Keratoplasty,  351,  360 
Keratoscopy,  144 
Keratotomy,  357 
Kerectasia,  346 

Kerosene  for  illumination,  807 
Kerschbaumer,  244,  245,  246,  379,  415 
Kindergartens,  804 
Kingdon,  512,  513 
Kipp,  223,  379,  419,  430 
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Klebs-Loeffler  bacillus,  263,  268,  269, 

270,  309 
Knaggs,  525 

Knapp,  H.,  135,  216,  2S7,  298,  300,  356, 
379,  403,  434,  438,  519,  594,  639 
Knauer,  135 
Knies,  98,  647,  770 

Knipe,  J.  C.,  chapter  contributed  by,  769 
KOCHER,  791 

Koch-Weeks  bacillus,  252,  256,  268 

Kollmann,  illustration  from  3 

Kollock,  319 

KOnigshofer  497 

KOSTENITSCH,  365 

Koster,  289,  380 

Kraemer,  478,  488 

Krahnstofer,  419 

Krause,  glands  of,  27 

Krienes,  556 

Krischewski,  illustration  from,  6 
Kronlein’s  operation,  654 
KOCHLER,  343 

KUHNT,  211,  212,  225,  278,  299,  447,  466 
operation  for  ectropion,  211 
for  post-operative  cataract,  466 
for  trachoma,  299 

KUHNT-Szymanowski  operation  for  ectro- 
pion, 212 
KUNN  201 

Kyanopsia.  See  Cyanopsia. 

Laceration  of  the  sphincter  of  the  iris,  395 
Lacrimal  abscess,  226 
actinomycosis,  224 
apparatus,  anatomy  of,  22 
diseases  of,  219 
examination  of,  91 
operations  on,  231 
blennorrhea  of  infants,  225 
bone,  caries  of,  224 
periostitis  of,  224 
canaliculi,  24 
conjunctivitis,  277 
disease,  etiology  of,  224 
duct,  anatomy  of,  10,  24 
obstruction  of,  227 
stricture  of,  227 
treatment  of  diseases  of,  228 
fistula,  227 
gland,  22 
accessory,  23 
adenoma  of,  220 
anatomy  of,  22 
angioma  of,  222 
atrophy  of,  220 
carcinoma  of,  222 
chloroma  of,  221 
chondroma  of,  222 
concretions  in,  222 
cyst  of,  221 
dermoid  cyst  of,  222 
development  of,  7 
diseases  of,  219 
dislocation  of,  221 
excision  of,  231 
palpebral  portion,  1 31 
fistula  of,  221 
hypertrophy  of,  220 
inflammation  of,  ^19 
lymphadenoma  oJ,  s.  1 
myxoma  of,  22i 
palpebral,  22 
prolapse  of,  221 
sarcoma  ot,  221 
syphils  o°.  221 
tuberculosis  of,  222 

t’im"*rL  Ox,  221 

ner\o,  19 
operarons,  231 
probes,  229,  235 
Bowman’s,  235 
Caldwell’s,  237 
Snellen’s,  229,  235 
Theobald’s,  229 
probing,  23o 
puncta,  24 
affections  of,  222 
sac,  anatomy  of,  24 
excision  of,  234 
fistula  of,  227 


Lacrimal  sac,  inflammation  of,  224,  225,  226 
obliteration  of,  238 
syringing  of,  233 

secretion,  character  of,  in  disease,  226 
in  new-born,  84 

Lacrimation  in  exophthalmic  goitre,  644,  791 
Lacrimo-nasal  duct,  10,  24 
obstruction  of,  227 
Lagophthalmic  keratitis,^  317 
Lagophthalmos,  1S7,  317 
Lagrange,  230,  503,  585 
operation  for  glaucoma,  585 
Lamina  cribrosa,  anatomy  of,  33 
in  glaucoma,  569,  570 
Lamina  fusca,  33 

vitrea,  34,  39  ^ , 

Landolt,  135,  145,  2S4,  672,  711,  720,  <94 
Landry’s  paralysis,  785 
LandstrOm,  791 
Lang,  374,  437,  612,  643 
Lange,  illustrations  from,  6 (and  Plate  I) 
Langenbeck  209,  643 
Langer,  12 

Langhans,  method  of,  837 
Lannelongue,  159 

Lantern  tests  for  color-blindness,  131 
Laqueur,  507,  565 
Largin,  251,  255 

Latent  deviation  of  ocular  muscles,  680 
hypermetropia,  727 
Lawford,  339,  538 
LAWSON,  A.,  221,  247,  262,  275 
Lawson,  G.,  415  _ , 

Le  Fort’s  method  of  skin-graftinr  214,  217 
Lead  acetate,  255 

encephalopathy,  508  „ 

Leber,  35,  157,  243,  284,  321.  3S9,  419, 
507,  50S,  519,  523,  555,  o62,  603 
Lederer,  643 
Leeches  in  iritis,  392 
Legal  relations  of  oph+  la^moiogy,  S39 
Lehmann,  509 
Leiser,  208 
Lenhossek,  4 
Lens,  702,  703 
biconvex,  63, 
concave,  705 

conju  .ate  focus  of  a convex,  <04 
conve  *,  63  70* 
cenjugc-tf*  loci  of,  704 
ci  stalline.  See  Crystalline  lens. 
oylindric,  706 
deA' melon  of  a,  703 
focal  distance  of  a,  702 
locus  of  a concave,  705 
formation  of  images  by  a concave,  706 
convex,  704,  705 
optical  centre  of  a,  702 
principal  focus  of  a concave,  <0o 
of  a convex,  704 
toric,  704,  707 

Lens-capsule,  anatomy  of,  52 
Lenses,  building  of,  from  prisms,  <02 
combination  of,  708 
cylindric,  706 
facts  common  to  all,  702 
numbering  of,  707 
properties  of  optical,  694,  702,  <03 
refraction  by,  703 
spheric,  704 
toric,  707 

types  of  ophthalmic,  703 
Lenticonus,  438 
anterior,  438 
posterior,  438 
Lenticular  ganglion,  18 
change  in  accommodation,  719 
Lentiglobus,  438 

Leonard’s  method  of  x-ray  localization,  lo3 
Leopold,  I.,  illustrations  from  Fig.  1,  Plate 
XIX,  and  Fig.  1,  Plate  XX. 

Leprosy  of  conjunctiva,  290 
of  cornea,  341 
of  eyelids,  174 
of  iris,  380 
Leptomeningitis,  780 
Leptothrix  in  canaliculi,  223 
Lerche,  484 

Leucosarcoma  of  chorioid,  486 
Leucosis,  412 
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Leucocythemic  retinitis,  503 
Leucoma,  adherent,  350 
Leutert’s  method,  834 
Levator  palpebrae  superioris  muscle,  14 
contraction  of,  with  pterygoid,  191 
Leveille,  17,  29 
Lew  in,  644 
Lid-closure  reflex,  96 
Liebueich,  421,  505 
Ligaments,  check,  16,  659 
Ligamentum  pectinatum  iridis,  31,  40 
Light,  definition  of,  692 
in  relation  to  ocular  hygiene,  S04 
perception  of,  121 
-reflex  of  retinal  blood-vessels,  58 
refraction  of,  693,  694,  699 
-streak,  58 
theories  of,  692 
velocity  of,  692 
waves  of,  692 

Light-perception,  qualitative,  121 
quantitative,  121 
Light-sense,  testing  of,  127 
in  optic-nerve  atrophy,  546 
subjective  sensations  of.  See  Photopsia. 
Lilienfeld,  575 
Limbus  of  cornea,  30 
sclerosis  and  atrophy  of,  340 
Line,  convergence,  by  cylindric  lens,  706 
of  fixation,  68,  714 
Linear  extraction  of  cataract,  460 
method  of  measuring  squint,  116,  678 
Lipoma  of  eyelids,  168 
of  orbit,  621 
subconjunctival,  240 
Lipomata  cavernosa,  622 
telangiectodes,  622 
Lippincott,  371 
Lippitudo,  186 
Liquor  Morgagni,  52 
Listing  law  of,  73,  659 
reduced  eye  of,  65,  713 
schematic  eye  of,  712,  714 
Lithia-carmin,  828 
Lithiasis  of  conjunctiva,  276 
Lithium  benzoate,  351 
Liver,  use  of,  in  nyctalopia,  557 
LLORET,  300 
Local  hemostasis,  802 

Localization  of  foreign  bodies  in  the  eye,  lo3 
Locomotor  ataxia,  eye  symptoms  of,  783 
Long  ciliary  arteries,  21 
LORING,  E.  G.,  526 
ophthalmoscope  of,  135 
LORING,  F.  B.,  297 
Luminiferous  ether,  692 
Lupus  of  conjunctiva,  291 
of  eyelids,  173 
vulgaris  of  eyelids,  173 
Luxation  of  crystalline  lens,  439,  469 
of  eyeball,  649 

Lymphadenoma  of  lacrimal  gland,  221 
Lymphangioma  of  caruncle,  296 
of  eyelids,  175 
of  orbit,  624 

Lymphatics  of  eyelids,  28 
Lymph-channels  of  the  cornea,  30 
of  the  eye,  55 
perivascular,  60 

-space,  intervaginal,  of  optic  nerve,  06 
perichorioidal,  56 
Lymphectasia  of  conjunctiva,  243 
menorrhagica,  243 
Lymphoma  of  conjunctiva,  27o 
of  eyelids,  175 
of  iris,  380 
of  orbit,  624 

Macewen,  638,  639 
Mackenzie,  594 
Mackenzie,  S.,  489 
Macnamara,  519 

Macula  corneae,  350  M „ __ 

lutea,  Plate  V,  42,  43,  46,  5C,  Oo,  < 9 
halo  around,  60 
“holes”  in,  60,  522 
in  fundus  picture,  60 
physiology  of,  79 
symmetrical  chang  s in,  512 
traumatic  perforate  a < f,  522 


Macula  lutea,  vascularity  of,  60 
Macular  colobomata,  412 
keratitis,  333 

region,  colloid  disease  of,  435 
Madarosis,  186 

Maddox,  double  prism  of,  106 
rod  test,  103,  681 
tangent  scale  of,  104 
Magendie,  316 
Magnani,  262 
Magnet,  giant,  371 

Magnification  of  ophthalmoscopic  image,  138 

Magnus,  492 

Maixner,  789 

McKee,  277 

Malar  bone,  8 

patipIq  Q 

Malarial  keratitis,  331 
Malformation  of  the  cornea,  304 
Malherbe,  361 
Malignant  glaucoma,  579 
pustule  of  eyelid,  162 
Malingering,  556 
tests  for,  151,  844 
Malpractice,  ophthalmic,  850 
Mandelstamm,  555 
Mandonnet,  673 
Manifest  hypermetropia,  727 
Manz  5,  158,  537 
Manz-Ziegler,  illustration  from,  5 
March i,  method  of  staining,  831 
Marginal  phlyctenular  keratitis,  320 
ulcerative  keratitis,  337 
Marple,  496,  498 
Marquez,  351 
Martin,  W.  A.,  337 
Massage  in  retinal  embolism,  497 
of  cornea,  350 
of  optic  nerve,  548 
Maunther,  60,  552,  666,  667 
Maxwell’s  operation  for  cicatricial  orbit, 
615 

May,  135,  299 
Mayou,  284 
Mazet,  351 
McNab,  310 
McQueen,  269 
McReynolds,  297 
Measurement  of  abduction,  109 
of  accommodation,  123 
of  adduction,  109 

of  astigmatism,  116,  142-150,  758 

of  color-sense,  128 

of  convergence,  123 

of  desire  for  binocular  vision,  111 

of  field  of  vision,  125 

of  hypermetropia,  733 

of  light-sense,  131 

of  muscle-power  for  near  points,  110 
of  muscular  insufficiencv , 107,  108 
of  radius  of  the  cornea  1'  8 
of  refraction  of  the  uo.moct,  118 
of  strabismus,  113 
of  sursumduct.ior , 10b 
of  vision  for  colt  rs,  131 
of  visual  acuifr,  1x9 
Measurements  't  *he  crystalline  lens,  51 
of  the  eyel  all,  29,  723 
Meehan  cal  exercise  in  ocular  paralyses,  673 
injuri  s of  the  cornea,  352 
Mechanise  of  the  formation  of  images,  62 
Mec::el’s  ganglion,  19 
Media,  dioptric,  of  the  eye,  712 
location  of  opacities  in  the  transparent,  139 
M 'a'an  connective  tissue  of  the  eyelids,  26 
M'.dullated  fibres  of  optic  nerve,  48 
• Medusa  head”  nerve,  534 
Megalocornea,  304,  345 
Megalophthalmos,  304 
Megalopsia,  500,  559 
Meibomian  cysts.  See  Chalazion. 

glands,  26,  178,  276 
Meibomius,  glands  of,  26 
Meigs,  A.  V.,  415 
Melanin,  416 
Melanoma  of  iris,  376 
Melanosarcoma  of  chorioid,  419 
Melanosis  of  sclera,  361 
Mellinger,  315 
Membrana  limitans,  externa,  43 
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Membrana  interna,  43 
Ruyschii,  39 
vasculosa,  43 
Membrane  of  Bowman,  30 
of  Bruch,  34,  39 
of  Demours,  31 
of  Descemet,  31,  246 
of  Ruysch,  39 
Menaiid,  159 

Meningitis,  acute  cerebral,  780 
cerebrospinal,  779 
following  enucleation,  610 
tubercular,  780 
Meningocele,  618 

Menstruation  through  the  eyelids,  185 
Mental  blindness.  See  Mind-blindness  and 
Psychic  blindness. 

Mercury  in  iritis,  392 
in  optic-nerve  atrophy,  547 
Merkel,  28,  49,  55 
Metallic  dots  in  the  retina,  515 
foreign  bodies  in  the  eyeball,  370 
Metamorphopsia,  421,  559 
varians,  559 

Metastatic  abscess  of  the  episclera,  373 
carcinoma  of  chorioid,  414 
gonorrheal  conjunctivitis,  254 
sarcoma  of  chorioid,  415 
Method  of  inverted  image.  See  Indirect  oph- 
thalmoscopy. 

of  upright  image.  See  Direct  ophthalmo- 
scopy. 

Methods  of  microscopic  examination  of  the 
eye,  819 

Methyl  alcohol,  amblyopia  from,  544 
Methylene  blue,  as  a stain,  838 
Methyl-violet  reaction,  836 
Metre  angle,  124 
Metre  plane,  701 

Metric  system  of  numbering  lenses,  707 

Meyer,  427,  603 

Meyer,  P.,  hemalaum  of,  826 

Meynert’s  fibres,  47,  777 

Mial,  231 

Michel,  202 

Microblepharon,  159 

Microcornea,  304 

Microphakia,  438 

Microphthalmos,  411 

Micropsia,  500,  501,  559 

Microscopic  examination  of  the  eye,  819 

Microsporon  trachomatosum,  277 

Middle  cervical  ganglion,  20 

Migraine,  557,  786 

Mikulicz’s  disease,  175 

Miliaria,  180 

Miliary  aneurisms  of  retina,  429 
tubercle  of  chorioid,  412 
Military  conjunctivitis,  276 
ophthalmia,  277 
Milium,  180 
Milles,  480 
Millikin,  418 
Mills,  C.  K.,  783 
Mind-blindness,  779 
Miners’  nystagmus,  674 
Minkowski,  788 
Miosis,  95,  97,  396,  674,  7»~ 
irritative,  97 
paralytic,  97,  6 <3,  ",2 
spinal,  783 
Miotics,  134,  87'/ 

Mirror,  concave  ret  noscopy,  137 
ophthalmof  ooyic,  134,  136 
plane  re*iL'»scc1)y,  150 
Mirrors,  action  of,  on  light,  695 
Mitchell  «92 
MlTTENDORi,',  467,  473 
Mitval^ki,  414 
Mobility  of  the  eye,  72 
ot  the  iris,  96 

Mo,  us,  645,  711,  786,  790 
Molt  , glands  of,  27 
Molluscum  contagiosum,  172 
epitheliale,  172 
Monocular  diplopia,  72 
Monoculus,  801 
Montgomery,  166 
Monzon,  378 
Moore,  W.  O.,  503 


Mooren,  467,  515,  597,  598,  646,  748 
ulcer  of,  310 
Mops  and  dressings,  800 
Morax,  251,  252,  256,  291,  309 
Morgagni,  liquor  of,  52 
spheres  of,  442 
Morgagnian  cataract,  442 
Morphin,  255 
Morris,  15,  20,  22,  50 
Morton,  135,  612 
Motais,  11,  16,  199 
operation  for  ptosis,  199 
Motor  disturbances  of  the  iris,  396 
Motor  nerves,  involvement  of,  769 
Motor  oculi  nerve,  17 
paralysis  of,  667,  769 
Mounting  of  sections,  831 
Movements  of  the  eye,  72,  657 
Mucocele,  226 
of  frontal  sinus,  635 
of  inferior  canaliculus,  223 
Mucoid  degeneration,  demonstration  of,  835 
Mucous  patches  of  conjunctiva,  292 
Mules,  198,  596,  611 
method  of  evisceration,  611 
advantages  of,  613 
MOller,  235 
MOller,  fibres  of,  44 
muscle  of,  12,  791 
Muller’s  fluid,  821,  822 
Multiple  neuritis,  786 
sclerosis,  782 

Murphy,  John  W.,  illustration  from,  10 
Muscae  volitantes,  70,  475,  476 
Muscle,  ciliary,  36,  37 
of  Horner,  24 
of  Muller,  13 
of  Riolan,  26 
oblique  inferior,  15 
superior,  14 
rectus  externus,  14 
inferior,  15 
internus,  15 
superior,  14 
Muscle-balance,  lc° 

-power,  me  sur  >ment  of,  110 
Muscles  aeJOi.  ef  the,  72,  657 
orbita  , 12 

Muscula.'  ast benopia,  684 
ir  sufficiency.  See  Hetcrophoria. 
tissue  of  the  iris,  34 
MT  "TeRMiLCH,  277 
Myasthenia  gravis,  191,  785 
Mycosis  of  the  sclera,  373 
Mycotic  keratitis.  331 
Mydriasis,  95,  97,  396,  673,  773 
paralytic,  97,  673,  773 
springing,  95 
Mydriatics,  132,  867 
in  iritis,  382,  391 
Mydrin,  134,  868 
Myelitis,  785 
Myoma  of  ohorioid,  420 
Myopia,  736 
acquired,  740 
amount  of,  738 
angle  gamma  in,  745 
atrophic  changes  in,  425 
axial,  367,  738 
axial  lengthening  in,  738 
chorioidal  changes  in,  425,  743,  745 
congenital,  739 
conus  in,  741 
correction  of,  747 
curvature,  738 
definition  of,  736 
detachment  of  retina  in,  522,  741 
diagnosis  of,  745 
discission  of  lens  in,  748 
etiology,  738,  739 
heredity  in,  739 
in  school-children,  740 
index,  738 

influence  of  muscles  in  producing,  739 
malignant,  738 

ophthalmoscopic  appearance  in,  745 
optical  condition,  737 
ordering  glasses  for,  747 
pathologic  evolution  of,  814 
pathology  of,  741 
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Myopia,  posterior  staphyloma,  742 
prevalence  of,  in  public  schools,  814 
prisms  in,  747 
prophylaxis  of,  740 
reading  glasses  in,  747 
removal  of  crystalline  lens  in,  748 
retinal  hemorrhages  in,  743 
skiascopy  in,  148 
spurious,  738 
surgical  treatment  of,  747 
symptoms  of,  743 

tenotomy  of  external  rectus  in,  747 
theories  of  causation  of,  739 
transient,  in  iritis,  394 
treatment  of,  747 
typical,  738 
varieties  of,  738 

Weiss’s  reflex  in,  Fig.  2,  Plate  XX,  <4o 
with  glaucoma,  570 
Myopic  astigmatism,  752 
chorioiditis,  425 
crescent.  See  Conus 
degeneration,  420 
Myosis.  See  Miosis. 

Myotonia  congenita,  789 
Myxoma  of  conjunctiva,  241 
of  cornea,  304 
of  lacrimal  gland,  221 


Nsevus  pigmentosus,  170 
vasculosis  of  eyelid,  175 
NAGEL,  502 
Nasal  artery,  21 
duct,  anatomy  of,  10,  24 
diameter  of,  24 
obstruction  of,  227 
stricture  of,  227 
nerve,  19 

Naso-lacrimal  canal,  operations  on  the,  233 
Natanson,  262 
Near  point,  68,  723 
determination  of,  122 
of  convergence,  123 
-sight.  See  Myopia. 

-tests  for  heterophoria,  682 
Nebula,  350 
Necrosis  of  orbit,  629 

Needle  operation  for  cataract.  See  Discission. 
Negative  convergence,  124 
focus,  693 
Neisser,  262,  264 
Nephritis,  retinitis  in,  505 
Nerve,  optic.  See  Optic  nerve. 

ophthalmic.  See  Ophthalmic  nerve. 

Nerves,  corneal,  32 
iridal,  36 
of  the  orbit,  17 
palpebral,  29 

Nervous  diseases,  ocular  manifestations  of, 
769 


Nesnamoff,  283 

Nettleship,  E.,  90,  427,  435,  444,  504, 
516,  820 

method  of  preserving  eyeballs,  820 
Neuralgia,  786 
Neurasthenia,  684,  791,  792 
Neurasthenic  asthenopia,  526 
Neurectomy,  opticociliary,  561 
Neuritic  dots  in  the  retina,  515 
Neuritis,  descending,  536 
multiple,  786 
optic.  See  Optic  neuritis. 
retrobulbar.  See  Retrobulbar  neuritis. 
Neuroepithelioma  of  the  retina,  41P,  482 
diagnosis  of,  484 
etiology  of,  483 
pathology  of,  482 
prognosis  of,  487 
symptoms  of,  484 
treatment  of,  488 
Neuroepithelium  of  the  retina,  46 
Neurofibroma  of  eye’id,  175 
Neuroma  of  eyel’d.  ^leAi'orm,  175 
Neurons  of  the  rt  ina  4> 

Neuroparalytic  keratitis,  316 
Neuropathic  k^catitis,  316 
Neuroretinitit  3 7,  534,  535 
Neuroses  roi'o  .'.ag  traumatism,  791,  795 
Neurotom/  o jticociliary,  561,  604 
Neust^itEh,  558 


Neve,  290,  341,  380 
Nevus  of  iris,  380 
Newton,  692 
Nicati,  407 
Nicotin,  95 
Nieden,  317,  643 
Night-blindness,  556 

Nimieu  and  Desfagnet,  illustrations  from, 
32  454 

Nitrate  of  silver,  254,  257,  259,  266,  270, 
874 


Nitrobenzol,  amblyopia  from,  542 
Nitroglycerin  in  optic-nerve  atrophy,  548 
Nodal  point,  62,  702,  713 
Nodular  keratitis,  333 
Noma  of  the  eyelids,  179 

Non-gonorrheal  purulent  conjunctivitis,  268 
Non-magnetic  foreign  bodies,  373 
Non-suppurative  keratitis,  320 
Nordensen,  508,  523 
Normal  fundus  oculi — Plate  III,  56 
intra-ocular  tension,  562 
ocular  accommodation,  718 
refraction,  711 
pupillary  reflexes,  96 
Norris  and  Oliver,  399 
Notched  teeth  in  interstitial  keratitis,  322 
NOTTBECK  732 

Notes  on  ophthalmic  therapeutics,  86  < 

NOYES,  H.  D.,  110,  221,  224,  300,  361,  5 <8, 
585,  594,  651,  653 
Nuclear  palsy,  acute,  669,  670 
chronic,  670 
stains,  826 

Nuclei  of  ocular  nerves,  49 
Nucleus  of  abducens  nerve,  50 
of  crystalline  lens,  51 
of  oculomotor  nerve,  50 
of  patheticus  nerve,  50 
NUEL,  326,  329,  334,  369,  562 
stitch  for  scleral  rupture,  369 
Numbering  of  lenses,  707 
of  prisms,  701 
Nummular  keratitis,  333 
Nussbaum,  360 
Nyctalopia,  556 
Nystagmus,  674,  772,  791 
acquired,  674,  772 
congenital,  674,  772 
miners’,  674 
pseudo,  772 

tronfmont  nf  A74. 


Oatman,  414  _ , „ 

Oblique  illumination  See  Focal  illumination. 
muscles,  anatom’-  oi,  14,  15 
insufficiency  o: , 683 
paralysis  of,  626 
tests  for,  CS3 

Occipital  lob  t imor  of,  781 
Occlusion  of  tLu  pupil,  386 
Occupatio  i,  < .’’feet  of,  on  the  eyes,  815 
Ocular  aln^xp,  7,  83 
ataxia,  783,  784 
Cv  Uj  rnetiva,  examination  of,  89 
Ivil  on-spaces,  55 

m mifestations  of  nervous  diseases,  769 
movements  and  binocular  vision,  72 
muscles,  abnormal  balance  of.  See  Hetero- 
phoria. 

absence  of,  618 
action  of,  73,  657 
advancement  of,  689 
associated  paralyses  of,  667,  769 
balance  of,  102 
congenital  defects  of,  618 
insufficiency  of.  See  Heterophoria. 
operations  upon  the,  687 
paralysis  of  external.  See  Ophthalmo- 
plegia. 

physiology  of,  72 
poise,  111 
prosthesis,  613 
spasm  of,  674,  794 
tests  for  balance  of,  103 
neuroses  following  traumatism,  795 
paralyses,  660 
etiology  of,  668 

general  symptomatology  of,  660 
prognosis  of,  672 
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Ocular  paralyses,  special  symptomatology  of, 
665 

treatment  of,  672 
refraction,  normal,  711 
Oculomotor  nerve,  paralysis  of,  667,  769 
radiations  of,  50 

Oculo-orbital  fascia,  anatomy  of,  11 
inflammation  of,  634 
Oettingex,  287 
Ogilvie,  522 

Oliver,  C.  A.,  242,  489,  578,  579,  5S0,  605, 
612,  787 
Ollier,  214 
Onyx,  307 

Opacities,  detection  of,  139 
due  to  keratitis,  350 
in  cornea,  350 

in  crystalline  lens.  See  Cataract 
in  vitreous  humor,  475 
Opaque  nerve-fibres  in  the  retina,  481;  Fig. 

2,  Plate  IV. 

Operating  mask,  796 
Operation  room,  802 
Operations,  blepharoplastic,  213 
for  cicatricial  orbit,  615 
for  glaucoma,  584 

for  muscular  insufficiency,  6S0,  688 
for  post-operative  cataract,  465 
for  ptosis,  196 

for  support  of  artificial  eye,  614 
for  strabismus,  680,  687 
for  traumatic  cataract,  464 
on  the  conjunctiva,  296 
on  the  cornea,  355 
on  the  crystalline  lens,  449 
on  the  eyelids,  195 
on  the  iris,  397 

on  the  lacrimal  apparatus,  231 
on  the  optic  nerve,  561 
on  the  orbit,  653 
on  the  retina,  525 
on  the  sclera,  590,  591,  592,  593 
on  the  sympathetic  nerve,  586 
preparation  for,  796,  798 
time  for,  798 

Ophthalmia.  See  Conjunctivitis. 
gonorrheal,  of  adult,  263 
migratoria,  594 
neonatorum,  262 
nodosa,  285,  388 
tarsi,  1S5 

Ophthalmic  artery,  aneurism  of,  641 
expert  witness,  839 
ganglion,  18 
lenses,  703 
malpractice,  850 
migraine,  191,  786 
nerve,  19 

therapeutics,  notes  on,  867 
thrombosis  of,  638 
vein,  anatomy  of,  21,  22 
Ophthalmitis,  sympathetic.  See  Sp.'iprtnetic 
inflammation. 

Ophthalmoblennorrhea,  262,  °07 
Ophthalmo-diaphanoscope,  ^57,  417 
Ophthalmometer,  description  of,  116 
Kagenaar’s  model  of,  117 
of  Helmholtz,  116 
of  Javal-Schioetz,  11S 
use  of,  93,  116 
Ophthalmometry,  116 
Ophthalmophantor  ie,  ~9x> 

Ophthalmoplegia  "*'70,  770,  782 
acute,  670 
chronic,  670,  771 
extern:!,  670,  770 
inter,  al,  670 
total,  070 

Ophthalmoscope  as  a refractometer,  140 
des  ription  of,  134 
ul-e^t  method  of  using,  136 
7-»rmt  tion  of  image  in  direct  method  of 
asing,  137 

in  indirect  method  of  using,  137 
indirect  method  of  using  the,  138 
magnifying  power  of  the,  138 
methods  of  use,  135 
of  Couper,  135 
of  Harlan,  135 
of  Helmholtz,  134 


Ophthalmoscope  of  Jackson,  135 
of  Knapp,  135 
of  Knauer,  135 
of  Landolt,  135 
of  Loring,  135 
of  May,  135 
of  Morton,  135 
of  Pyle,  135 
of  Randall,  135 
of  Snell,  135 
of  Thorner,  134 
uses  of  the,  138 

Ophthalmoscopic  image,  size  of,  138 
Ophthalmoscopy,  134 
direct,  136 
indirect,  136 
Optic  axis,  62 

of  the  emmetropic  eye,  29,  723 
of  the  hypermetropic  eye,  727 
of  the  myopic  eye,  738 
of  the  reduced  eye,  65 
of  the  schematic  eye,  64,  714 
canal,  fracture  of,  651 
centres,  primary,  773 
chiasma,  47 
lesions  of,  776 
commissure,  47 
disc,  56 

fibres,  crossing  of,  47 
foramen,  9 

nerve,  absence  of,  528,  773 
anatomy  of,  41 
anomalies  of,  528 
aplasia  of,  528 
apoplexy  of,  549 

atrophy  of,  545,  560,  783,  78*.  7.5,  VS7, 
788 

causes  of,  546 
congenital,  528 
diagnosis  of,  547 
etiology  of,  546 
hereditary,  54S 

ophthalmosccmc  changes  in,  546 
pathology  of,  "4i 
primary,  545 
prognosis  v f,  147 
retin'.i  t>  ne  of,  546 
secoi  dary,  54' 
svmp  nms  of,  545 
t^atmeiic  of,  547 
vi-ual  field  in,  545 
colloid  bodies  in  head  of  the,  532 
ioIo  >oma  of  sheath  of,  528 
c.-genital  defects  of,  528,  529 
crossing  of  fibres  of,  47,  773 
development  of,  5 
diseases  of,  528-561 
drusenbildungen  in,  532 
edema  of  head  of,  536,  569 
embolic  atrophy  of,  546 
excavation  of,  in  atrophy,  546 
in  glaucoma,  569,  570 
physiologic,  57,  570 
extradural  tumors  of,  531 
hemorrhage  into  sheath  of,  549 
hereditary  atrophy  of,  548 
hyalin  bodies  in  head  of,  532 
hyperemia  of,  534 
injuries  of,  560 
intervaginal  space  of,  48 
intracranial  part  of,  41 
intradural  tumors  of,  530 
lymph-channels  of,  48 
number  of  fibres  in,  48 
opaque  fibres  of,  481 
operations  on,  561 
orbital  portion  of,  48 
pallor  of  temporal  segment  of,  542 
physiologic  excavation  of,  57,  570 
pigmentation  of  head  of,  529 
primary  atrophy  of,  545 
radiations  of,  49 
resection  of,  561 
retinal  type  of  atrophy,  546 
secondary  atrophy  of,  545 
sheaths  of,  anatomy  of,  48 
dilation  of,  536 
tumors  of,  530 

neuritis,  533,  779,  780.  781,  785,  786,  788 
acute  retrobulbar,  539 
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Optic  neuritis,  after  orbital  affections,  631, 
637,  651 
albuminuric,  506 
back-water  theory  of,  536 
chronic  retrobulbar,  541 
course  and  complications  of,  536 
descending,  534 
diagnosis  of,  535 
etiology  of,  535 
forms  of,  534 
from  acromegalia,  788 
from  brain  tumor,  536,  780,  7S1,  782 
from  exophthalmic  goitre,  701 
from  focal  lesions  of  the  brain,  776 
from  general  diseases,  535 
from  hydrocephalus,  7S8 
from  meningitis,  779,  780 
from  multiple  neuritis,  786 
from  progressive  myelitis,  785 
from  tumor  of  the  pituitary  body,  782 
hemorrhages  in,  534 
inflammatory  theory  of,  537 
intra-ocular,  533 
Leber’s  theory  of,  537 
lymph-space  theory  of,  537 
mechanism  of,  536 
monocular,  535 
orbital,  539 

Parinaud’s  theory  of,  538 
pathogenesis  of,  536 
pathology  of,  536 
prognosis  of,  536 
retrobular,  539 
acute,  539 
causes  of,  539 
chronic,  541 
diagnosis  of,  540 
pathology  of,  540 
prognosis  of,  540 
symptoms  of,  540 
treatment  of,  540 
toxic,  causes  of,  542 
ophthalmoscopic  picture  in,  542 
part  of  the  retina,  43 
Schmidt-Rimpler’s  theory  of,  537 
second  attacks  of,  536 
Sourdille’s  theory  of,  538 
spurious,  541,  732 
surgical  treatment  of,  539 
syphilitic,  536 
sympathetic,  601 
symptoms  of,  533 
treatment  of,  539 
types  of,  534 
vasomotor  theory  of,  53S 
von  Graefe’s  theory  of,  534,  536 
with  dropping  of  fluid  from  nose,  541 
radiations,  49,  773 
tract,  41,  773 
Oppenheim,  782 

Optical  apparatus,  chief  function  of,  694 
centre  of  lens,  702 
constants,  712 

defects  of  normal  eye,  68,  714 
lenses,  properties  of,  686 
terms,  693 

Opticociliary  neurectomy,  561,  604 
neurotomy,  561,  604 
Optics,  elementary,  692 
Optograms,  80 
Ora  serrata,  42 
Orange  G,  829 

Orbicularis,  paralysis  of.  See  LagophlJ^l/nos. 
pupillary  reaction.  See  Gifford's 
spasm  of,  189,  794 
Orbicularis  palpebrarum  muscle,  26 
paralysis  of,  672,  770 
spasm  of,  189,  794 

Orbit,  abscess  of,  610,  629,  6?1,  632,  636 
adenomata  of,  627 
anatomy  of,  8 

aneurism  by  anastomoJ  in,  641 
angioma  of,  622 
axis  of,  8 
blood-cyst  of.  "27 
-vessels  of,  2b 
bony  turner?  of,  626 
capillary  aug'omata  of,  622 
carcinca  a rf,  627 
caries  ol , 629 


Orbit,  cavernous  angiomata  of,  622 
cellulitis  of,  632 

cerebral  symptoms  following  injury  of,  651 
check  ligaments  of,  16,  659 
chondroma  of,  624 
congenital  anomalies  of,  616 
cysts  of,  618 
contents  of,  11,  617 
contusion  of,  648 
cysticercus  of,  627 
cysts  of,  618,  627 
dermoid  cyst  of,  618,  627 
diseases  of,  616-656 
distension  of  cavities  adjacent  to,  635 
echinococcic  cyst  of,  627 
emphysema  of,  650 
enchondroma  of,  624 
endothelial  tumors  of,  621 
enophthalmos,  642 
epithelial  tumors  of,  627 
examination  of,  101 
exenteration  of,  655 
exophthalmos,  intermittent,  642 
pulsating,  640 
exostoses  of,  631 
extravasation  cyst  of,  627 
exudation  cysts  of,  627 
fat  of,  22 
filaria  loa  of,  628 
fistula  of,  629,  630,  631 
follicular  cysts  of,  627 
foramina  of,  9 
foreign  bodies  in,  652 
fracture  of,  650 
of  apex  of,  560,  648,  650 
gummata  of,  630 
hematoma  of,  627 
hemorrhage  into,  639 
hydatid  cyst  of,  629 
hyperostosis  of,  631 

inflammation  of  oculo-orbital  fascia,  634 
of  sinuses  adjacent  to,  635 
injuries  of,  648 

intermittent  exophthalmos,  642 
lipoma  of,  621 
lymphangioma  of,  624 
lymphoma  of,  624 
muscles  of,  12 
necrosis  of,  627 
nerves  of,  17 
neuroma  of,  626 
nevus  of,  621 
operations  on,  653 
osteoma  of,  626 
parasitic  cysts  of.  626 
penetrating  wour  ds  ff,  646 
periosteum  of,  11 
periostitis  of,  628 
periostosis  cf  031 
phlegmor  of,  632 
plexiforn  ai.Tiomata  of,  622 
-neuroma  o .,  626 
poL’ti  >n  < f eyeball  in,  22 
pulsatiiig  exophthalmos,  640 
’•''m-'val  of  tumors  of,  653 
b r Kronlein’s  operation,  654 
.■Mention  cysts  of,  627 
sarcoma  of,  625 

shape  of,  in  hypermetropia,  729 
in  myopia,  744 
tumors  of,  619 
etiology  of,  619 
location  of,  619 
prognosis  of,  620 
symptoms  of,  620 
treatment  of,  620 
varieties  of,  621 
vascular  tumors  of,  621 
wounds  and  injuries  of,  648 
Orbital  cellulitis,  632 
deep  incisions  in,  634 
effects  of,  on  vision,  633 
following  tenotomy,  688 
prognosis  of,  633 
treatment  of,  633 
lesions  in  paralysis,  672 
muscle  of  Miiller,  16 
Organic  entropion,  280 
Orientation  of  enucleated  eyeballs,  819 
Oiith,  828 
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Orthophoria,  102 

Orthoptic  exercises  in  heterophoria,  6S5 
training  in  strabismus,  079 
Oscillating  visual  field,  729 
Ossification  of  chorioid,  420 
Osteoma  of  conjunctiva,  242 
of  orbit,  626 
Ostvvalt,  432 
O’SULLIVAN,  527 
Ozena  bacillus,  225 

Pachymeningitis,  50S,  779 
Pagenstecher,  201,  305,  460,  599 
Pagenstecher’s  salve.  See  Yellow  oxid  of 
mercury. 

Pain  reaction,  96 
Palpebral  ligaments,  26 
muscle  of  Muller,  13 

Panas,  197,  205,  245,  305,  357,  471,  6S7 
operation  for  entropion,  205 
for  ptosis,  197 
Pannus,  325 
crassus,  326 
eczematosus,  320 
granular,  328 
jequirity  in,  329 
sarcomatosus,  326 
tenuis,  326 
treatment  of,  328 
Panophthalmitis,  264 
ectogenous,  430 
diagnosis  of,  432 
pathology  of,  431 
prognosis  of,  432 
symptoms  of,  431 
treatment  of,  432 
endogenous,  429 
diagnosis  of,  430 
prognosis  of,  430 
symptoms  of,  430 
treatment  of,  430 
enucleation  during,  433 
evisceration  during,  433 
meningitis  from,  433 
Papilla.  See  Optic  nerve. 

Papillitis  (see  also  Optic  neuritis),  533 
Papilloma  of  conjunctiva,  241 
of  cornea,  304 

Papilloretinitis,  sympathetic,  601 
Papular  conjunctivitis,  275 
Paquelin  cautery,  623 
Paracentesis  corneae,  355 
in  corneal  ulcer,  315 
in  iritis,  393 
of  cornea,  355 

Paradoxic  pupil,  98,  773,  787 
Paraffin-imbedding,  825 
injections,  danger  of,  208 
Parallax  test,  143 

for  heterophoria,  682 
in  glaucoma,  571 
Paralysis  agitans,  788 
basal  lesions,  671,  769 
bulbar,  670,  784,  785 
conjugate  lateral,  771 
of  accommodation,  673 
of  convergence,  669 
of  divergence,  674 
of  ocular  muscles,  66 1 
central,  668 
cerebral,  668 

clinical  methoc  of  determination,  668 
cortical,  66 1 
deviation  in  6l0 
diagros  s . f,  661 

diayra  ns  illustrating,  661,  662,  663,  664, 

diplop.'  in,  660 

ecology  of,  668 

fa^e  muscular  projection,  663 

fat,  icular,  671,  769 

'lelfi  of  fixation  in,  662 

general  symptoms  of,  660 

limitations  of  movements  of  globe,  662 

method  of  examination,  663 

nuclear,  669,  670,  769,  776 

orbital  lesions  in,  672 

peripheral,  669,  671 

position  of  head  in,  663 

primary  deviation  in,  660 


Paralysis  of  ocular  muscles,  prognosis  in, 

672 

projection  of  false  image,  661 
recurrent  third  nerve,  667 
secondary  deviation  in,  660 
special  symptomatology  of,  665 
treatment  of,  672 
vertigo  in,  663 
of  external  rectus,  665 
of  fourth  perve,  770 
of  inferior  oblique,  666 
of  inferior  rectus,  665 
of  internal  rectus,  665 
of  oculomotor  nerve,  667,  672,  769,  786 
of  seventh  nerve,  672,  770 
of  sixth  nerve,  770 
of  superior  oblique,  666 
of  superior  rectus,  665 
of  third  nerve,  667,  672,  769,  7S6 
pseudobulbar,  769 
Paralytic  miosis,  673,  772 
mydriasis,  673,  773 
Paralyzing  vertigo,  7S8 
Parasitic  skin  diseases,  1S2 
Parenchymatous  retinitis,  502 
iritis,  3S5 

Parietal  lobe,  tumors  of,  781 
Parinacd,  201,  251,  275,  538,  794 
conjunctivitis  of.  275 
Parry’s  disease,  644,  790 
Parsons,  J.  H.,  36,  54,  60,  562,  619,  621, 
624,  625,  626,  627,  724 
Passler,  644 
Paton,  780 
Payne,  R.  W.,  437 
Patheticus  nerve,  19 
paralysis  of,  666,  770 
radiations  of,  50 
Pearl-cysts  of  iris,  378 
Pectinate  ligament,  40 
Pegged  teeth,  322,  323 
Pemphigus,  165 
of  conjunctiva,  2 . 5 
of  cornea,  329 
of  eyelids,  165 
Penumbra,  695 
Periectom;  , 301 
Perimeter,  125 
Dan  ’s,  125 
McH^"dy’s,  125 

mp'-’ii  ment  of  squint  by,  113,  677 
SI  eel  125 
Smith  s,  125 
^erimetry,  125 
r erineural  space,  18 
P'.riosteum  of  the  orbit,  11 
Periostitis  of  orbit,  628 
' Periostosis  of  orbit,  631 
I Periotomy,  301 

Peripheral  paralysis  of  ocular  muscles,  671 
Perivascular  lymph-channels,  60 
Perl’s  reaction,  for  iron  in  the  eye,  837 
Persistent  pupillary  membrane,  374 
Petit,  312 

Petit,  Francois  Pourfour  de,  canal  of,  51 
Pfeiffer,  277 

Pfitzner,  safranin  stain  of,  S28 
Pflange,  519 
PflOger,  345,  748 
Pfungen,  770 

Phagedenic  ulceration  of  eyelids,  179 
Phakoscope,  67 
Phlebosclerosis,  511 
Phlegmon  of  lid,  162 
of  orbit,  632,  688 

Phloroglucin  method  of  decalcification,  823 
Phlyctenula  pallida,  260 
Phlyctenular  conjunctivitis,  272 
keratitis,  320 
ophthalmia,  272 
pannus,  328 
ulcer,  320 

Phoro-optometer,  109 
Phosphoridrosis,  179 
Photometer,  Forster’s,  1?7 
Henry’s,  128 
Photophobia,  247 
after  cataract  extraction,  458 
Photopsise,  421 
Phtheiriasis,  182 


INDEX. 


9C3 


Phthisis  bulbi,  264,  436 

Physiologic  excavation  of  optic  nerve-head 
57,  570 

Physiology  of  vision,  62,  84 
Pian,  161 

Picric  acid,  823,  829 
PIERSOL,  3S,  616 
Pigment  epithelium,  35 
of  the  iris,  35,  383,  3S9 
on  optic  disc,  529 
patches  in  conjunctiva,  280 
streaks  on  the  fundus,  518 
Pigmentary  degeneration  of  the  retina,  old 
Pigmentation  of  conjunctiva,  280 
of  eyelids,  791 

Pigmented  retina  and  chorioiditis,  519 
Pilocarpin,  95,  134,  175,  363,  392,  875 
in  glaucoma,  573,  575 
Piltz,  7S7 

pupillary  reaction  of,  96 
Pince-ciseaux  of  de  Wecker,  399,  402,  40o 
Pincus,  304 
Pinguecula,  287 
“Pink  eye,”  252,  254 
Pituitary  body,  tumors  of,  782 
Placido’s  disc,  93,  344 
Plane  mirrors,  reflection  by,  69o 
Planes  of  separation,  72 
Plastic  chorioiditis,  420 
cyclitis,  408 
iritis,  384 
Plazek,  793 

Plexiform  angiomata,  622 
neuroma  of  eyelid, _ 175 
Plica  semilunaris,  25 
affections  of,  295 
encanthis  of,  296 
Pneumococcus,  252,  269 
conjunctivitis,  252 
in  corneal  ulcers,  309,  312 
Poliencephalitis,  786 
Pollock,  illustration  from,  408 
Polycoria,  375,  843 
Polypi  of  conjunctiva,  241 
Pope,  B.  A.  299 
Porter,  W.  H.,  505 
Porus  opticus,  42 
Posey,  489 
Positive  focus,  693 
Positions  of  the  eyeball,  73 
Posterior  limiting  layer,  34 
lymph-spaces,  56 
polar  cataract,  426 
sclerochorioiditis,  425 
sclerotomy,  592 
staphyloma,  425,  741 
symblepharon,  280 
synechiae,  387 

Postero-lateral  sclerosis,  785 
Post-iritic  glaucoma,  387 
Post-operative  cataract,  446 
operations  for,  465 
Post-operative  treatment,  802 
Poultices,  251 
Power,  24 
Powers,  462 
Praun,  368 
Pregnancy  kidney,  510 
Preliminary  iridectomy,  459 
Prentice’s  method  of  numbering  prisms,  <Ul 
Preparation  for  ophthalmic  operations,  < . 6 
Presbyopia,  761 
accommodation  in,  764 
definition  of,  761 
diagnosis  of,  765 
etiology  of,  761 
selection  of  glasses,  765 
symptoms  of,  762 
treatment  of,  765 

Preservation  of  eyeballs  fc”  demonstration, 

819  .0.4 

Pretended  amblyopia,  556,  844 
Primary  deviation  6#i0 
opacity  of  the  co'net,  3 >4 
ray,  702 

Principal  anterior  focus,  63 
axis  of  a lets,  '92 
of  a miri«.r,  C96 
focal  distmC  ',  702 
foci,  71 1 


Principal  focus,  694,  697,  702,  705,  713 
points,  713 

posterior  focus,  62,  713 
Prism,  angle  of  deviation  of  a,  701 
-convergence,  109,  124,  683 
Crete’s,  108 
definition  of  a,  701 
-dioptre,  702 
-divergence,  109,  6S4 
holder,  110 

Maddox’s  double,  106,  683 
refracting  angle  of  a,  701 
Risley’s  rotary,  108 

-tests  for  heterophoria,  lOo,  106,  10 1,  198, 
109,  110,  681,  683 
-tests  for  strabismus,  116,  678 
-vergence,  673 
Prisms,  exercises  with,  685 
numbering  of,  701 

prescription  of,  in  heterophoria,  685 
in  myopia,  747 

Privileged  communications,  S41 
Probe,  Bowman’s,  235 
Caldwell’s  lacrimal,  237 
false  passage  by  a,  236 
Snellen’s,  229,  235 
Theobald’s,  229 
Probing  of  nasal  duct,  235 
Progressive  myelitis,  7S5 
Projection  of  false  imag_e,  661 
Prolapse  of  iris,  395,  454 
of  vitreous  humor,  452 
Prophylaxis,  in  glaucoma,  580 
in  gonorrheal  conjunctivitis,  26o 
in  ophthalmoblennorrhea  neonatorum,  265 
in  myopia,  746 

in  sympathetic  ophthalmitis,  60-4 
Prosthesis,  ocular,  613 
Protargol,  251,  255,  257,  290 
Protoplasmic  stains,  829  J7  . 

Protrusion  of  globe,  74.  See  Exophthalmic 
goitre. 

Protrusion  and  retraction  movements,  <•* 
Pseudobulbar  paralysis,  785 
Pseudo-glioma,  480 
Pseudo-neuroepithelioma,  4S0 
Pseudo-nystagmus,  772 
Pseudo-papillitis,  732 
Pseudopterygium,  287 
Psorophthalmia,  185 
Psychic  reflex,  96 
Pterygium,  285 

actual  cautery  in  treatnent  Df,  29 1 

cicatrical,  287 

congenital,  239 

crassum,  285 

etiology  of,  286 

excision  of,  296 

McReynolds’s  operation  for,  29  < 
operations  fc  r 296 
pathology  of.  2S6 
prognosis  of,  2S6 
tenue,  285 

transplantation  of,  297 
trcat*nfc~u  of,  286 
Ptr>''’s,  191,  733 
adii  osa,  196 
congenital,  159 
following  enucleation,  610 
“morning”  792 
“night,”  792 
operations  for,  196 
spurious,  191 
treatment  of,  191 
unilateral,  191 
Pulsating  exophthalmos,  640 
Pulsation  of  retinal  arteries,  58,  5 <2,  o<  5 
vessels  in  glaucoma,  572,  573 
Puncta  lacrimalia,  acquired  anomalies  of,  222 
anatomy  of,  24 

Punctate  conditions  of  the  fundus,  481 
Punctum  lacrimalis,  25 
proximum.  See  Near  point. 
remotum.  See  Far  point 
Pupil,  Argyll-Robertson,  98,  6 <3,  <82,  <83, 
787 

contraction  of,  71,  673,  772 
from  irritation,  97,  673,  772 
from  paralysis,  67i,  673,  772 
dilation  of,  71,  97,  773 
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Pupil,  dilation  of,  paralytic,  97,  673 
spastic,  97 
examination  of,  95 
Gifford-Galassi  reflex  of,  96 
Haab’s  reflex  of,  96 
measurement  of,  95 
normal  reflexes  of,  96 
occlusion  of,  387 
paradoxic,  98,  773 
psychic  reflex  of,  96 
Robertson,  98 
skin-reflex  of,  96 
state  of,  in  blindness,  98 
Wernicke’s  inaction  of,  98,  777 
Westphal-Piltz  reflex  of,  96 
Pupillary  area,  examination  of,  99 
reaction,  facts  concerning,  98 
Pupillometer,  95 

Purkinje-Sanson  images,  67,  763 
Purulent  chorioiditis,  429 
conjunctivitis,  262 
cyclitis,  409 
ophthalmia,  262 
Pusey,  B.,  341,  379 
Pustular  conjunctivitis,  254 
Pyle,  135,  46S 
Pyoktanin,  227 

Quaglino,  361,  590,  591 
Qualifications  of  the  surgeon,  796 
Quincke’s  reaction,  837 
Quinin-amaurosis,  543 

Rabl,  4 

Radcliffe,  325 
Radian,  701 

Radiations  of  the  nerves  of  the  eye,  49,  773 
Radium,  177,  247,  262 
Radius  of  curvature,  696 
Raehlmann,  225,  281,  326,  345,  523 
Ramsay,  1S8,  191,  322,  615,  874 
Randall,  135 

Randolph,  R.  L.,  239,  262,  471,  601 
Raupenhaar-ophthalmie,  285 
Reading,  care  of  the  eyes  during,  807 
Real  image,  703 
Recklinghausen,  338 
Rectus,  external.  See  External  rectus. 

superior  muscle,  14 
Recuperative  extension  field,  793 
Recurrent  third-nerve  paralysis,  672 
Red-blindness,  550 
Reduced  eye  of  Listing,  65,  711,  713 
Reflected  ray,  695 
Reflection,  angle  of,  695 
by  plane  mirrors,  695 
by  spherical  mirrors,  696 
from  concave  mirrors,  696 
from  convex  mirrors,  698 
of  light,  695 
Reflexes,  pupillary,  96 
Refracting  power  of  ocular  surfaces,  7i  1 
media  of  the  eye,  712 
Refraction,  62,  694,  699 
age  as  a factor  in,  721 
by  a concave  lens,  705 
by  a convex  lens,  63,  704 
by  a plate  with  parallel  faces,  700 
by  a prism,  701 
by  cylindric  lenses,  70- 
by  lenses,  703 
change  of,  in  glaucoma,  576 
in  iritis,  394 

course  of  a rry  in  normal,  715 
dynamic.  71! 
errors  of,  72 1 
of  aphukit.  761 
of  astigmatism,  750 
of  hype,  metropia,  726 
of  myopia,  738 
of  presbyopia,  762 
iu  aputkia,  761 
in  astigmatism,  750 
in  emmetropia,  721 
in  hypermetropia,  726 
in  myopia,  738 
indices  of,  64,  700 
normal  ocular,  711 
ophthalmoscopes,  135 


Refraction,  static,  711 
Reik,  H.  O.,  438 
Reisinger,  360 

Relapsing  herpes  of  the  cornea,  333 
Relative  hemianopsia,  778 
ocular  movements,  74,  659 
Relaxed  accommodation  reflex,  96 
Renal  vascular  retinitis,  505 
Renversement  of  a corneal  flap,  358 
Reserve  accommodation,  721 
Retina,  anatomy  of,  42 
anemia  of,  489 
anesthesia  of,  526 
aneurism  of  vessels  of,  492 
angioid  streaks  in,  518 
apoplexy  of,  492 
cerebral  layer  of,  44 
ciliary  and  iridal  parts  of,  46 
coloboma  of,  481 
concussion  of,  521 
congenital  anomalies  of,  481 
cysts  of,  482 
detachment  of,  416,  522 
diagnosis  of,  524 
etiology  of,  522 
pathology  of,  523 
prognosis  of,  524 
symptoms  of,  523 
treatment  of,  525 
development  of,  5 
diseases  of,  481-527 
edematous  swelling  of,  521 
embolism  of  central  artery  of,  494 
diagnosis  of,  497 
etiology  of,  496 
pathology  of,  496 
symptoms  of,  495 
treatment  of,  497 
functional  diseases  of,  52o 
functions  of,  77 
glioma  of,  482 
hemorrhages  in,  49°, 
hyperemia  of,  4P9 
active,  490 
passive,  490 
hyperesthesia  >f,  .'26 
in  glaucoma,  5l° 
inflamm;  tion  - f,  "00 
irritation  of,  r>26 
isch  mia  oi,  489 
layers  of,  43 

ligrhi  si.eak  of  vessels  of,  58 

n(  uroi  pithelial  layer  of,  46 

ne*.'"' epithelioma  of,  418,  482 

opaque  nerve-fibres  in,  481 

cptic  part  of,  43 

pigmentary  degeneration  of,  519 

pseudo-neuroepithelioma  of,  487 

pulsation  of  vessels  of,  58,  568,  572,  573. 

5 1 5 

punctate  conditions  of,  515 
Purkinje’s  phantom  image  of  vessels  of,  79 
rupture  of,  521 
scleroses  of,  517 
subhyaloid  hemorrhage  of.  494 
traumatic  anesthesia  of,  522 
edema  of,  521 

perforations  of  macula  of,  522 
tuberculosis  of,  527 
Retinal  artery,  embolism  of,  494 
thrombosis  of,  498 
hemorrhage,  521,  542 
image,  construction  of,  715 
demonstration  of,  65 
formation  of,  64 
size  of,  66 
spasm  of,  489 

pigmentation,  variations  in,  481 
vasculitis,  490 
vein,  thrombosis  of,  498 
vessels,  sclerosis  of,  490 
Retinitis,  albuminuric,  505 
diagnosis  of,  50S 
etiology  of,  505 

induction  of  premature  labor  in,  510,  511 

of  pregnancy,  509 

pathology  of,  506 

prognosis  in,  509 

statistics  of,  505 

symptoms  of,  506 
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Retinitis,  albuminuric,  treatment  of,  511 
Bright’s,  505 
circinata,  513 
diabetic,  503 

central  punctate,  503,  504 
embolic,  516 
from  concussion,  500 
from  excessive  light,  514 
glycosuric,  503 
gouty,  511 

gravidarum,  505,  510 
hemorrhagic,  492 
hyperplastic  proliferating,  517 
leucocythemic,  503 
nyctalopic,  500 
parenchymatous,  502 
pigmentosa,  519 
diagnosis  of,  520 
etiology  of,  519 
ophthalmoscopic  signs  of,  519 
pathology  of,  520 
prognosis  of,  520 
symptoms  of,  519 
treatment  of,  521 
proliferans,  480,  517 
proliferating,  517 
punctata  albescens,  515 
purulent,  516 
metastatic,  516 
traumatic,  516 
renal  vascular,  505 
saturnine,  508 
septic,  517 
serous,  500 
simple,  500 
solar,  514 
specific,  501 
striata,  518 
syphilitic,  500,  501 
prognosis  in,  502 
treatment  of,  502 
traumatic,  521 
Retinoscopy,  144-150 
Retraction  of  the  globe,  74 
Retrobulbar  optic  neuritis,  539 
Retrotarsal  folds,  removal  of,  299 
Reuss,  363 

Reverdins’s  operation,  214,  217 
Reversal  of  color-fields,  527,  781,  793 
in  brain  tumor,  781 
in  hysteria,  793 
Reymond,  315 
Rhagades,  161 

Ribbon-shaped  corneal  opacity,  334 
Richey,  578 
Richter,  460 
Ridley,  277 

Ring  ulcer  of  cornea,  310 

Riolan,  muscle  of,  26,  27  ^ ^ , 

Risley,  108,  109,  325,  459,  578,  740,  814 

Rivers,  515 

Rivington,  641 

Robertson,  Argyll,  operation  for  ectropion, 
210 

symptoms,  98,  673,  782,  783,  787 
trephining  of  sclera  by,  593 
Rochon-Duvigneud,  157 
Rodent  ulcer  of  cornea,  310 
of  eyelids,  175,  177 
Rod  test  for  heterophoria,  103,  681 
Rods  and  cones  in  vision,  79 
Roemer,  433 

Roentgen  rays.  See  X-rays. 

Rogman,  361 
Rohmer,  345 
Rollet’s  operation,  216 
Rollett,  illustration  from  ?3 
Romberg’s  sign,  792 

Rosenbach’s  phenomenon,  >*■>,  .'01,  <92 
ROSENSTEIN,  509 
Roser,  311 
Rotary  prism,  108 

Rotations  of  the  ay./,  all,  measurement  of,  111 
ROTH,  516,  517 

Round  centra,  ulcei  of  cornea,  310 
Rubeola,  184 
Rumschewp.z  ,05 
Rupture  of  Jmrioid,  184 
of  eyeba’«.  n glaucoma,  579 
of  Sen  emrn’s  canal,  369 


Russell,  513 

Ruysch,  membrane  of,  39 

Rydel,  522 

Sachs,  157,  498,  512 
Saemisch,  311,  315,  316,  357,  361 
incision  in  hypopyon  keratitis,  315,  357 
Saenger,  644,  645,  646 
Safranin,  as  a stain,  S28 

Salicylate  of  sodium  in  phlyctenular  con- 
junctivitis, 274 

in  sympathetic  ophthalmitis,  605 
“Salmon  patches,”  323 
Sanson,  210,  345 
operation,  210 
Salvarsan  in  iritis,  392 
Salzer,  222 

Santorini,  emissary  vein  of,  638 
Sappey,  16 

Sarcoma  of  caruncle,  296 
of  chorioid,  415 
of  ciliary  body,  405 
of  conjunctiva,  244 
of  cornea,  305 
of  eyelid,  177 
of  iris,  378 

of  lacrimal  gland,  221 
of  optic  nerve,  531 
of  orbit,  625 

Sattler,  277,  281,  289,  641,  645 
Saturnine  retinitis,  508 
Saunders,  299 

Savage’s  orthoptic  exercises  in  heterophoria, 
686 

test  of  the  oblique  muscles,  107 
Scarpa,  367,  368,  743 
Scarlatina,  184 
Schaffer,  782 
SCHAPRINGER,  643 
SCHEFFELS,  502 
Schei ner’s  experiment,  72 
Schematic  eye,  711 
Schieck,  305 
Schiele,  283 
Schiess,  437 

Schirmer,  365,  456,  594,  596,  5.8,  599, 
601 

Schlemm’s  canal,  41,  562,  58  1 . >90 
absence  of,  in  hydrophthalmos, 
rupture  of,  369 
Sciilesinger,  506,  789 
Schmidt,  A.,  220 
Schmidt-Rimpler,  60i.  64  i,  793 

Schnabel,  425,  74  . 74^,  M3 
Sciiobl,  495,  503,  5^4,  518,  524 
Schoen,  661 
Scholler,  771 

School-buildings  in  .elation  to  ocular  hygiene, 
810 

construct  <n  of,  810 
light  »f,  Sxa 
location  of,  811 

School-life,  '".re  of  the  eyes  during,  809 
Svhi_m  rojrn  in  relation  to  ocular  hygiene, 
812 

blackboards  of,  813 
desks  and  chairs  of,  812 
dimensions  of.  812 
furniture  of,  812 
work  in,  813 
writing  in,  813 
SCHREIBER,  275 
SCHROEDER,  224 
Schultze,  54,  55 
Schulze,  324 
Schwalbe,  12,  41 
Schwarz,  290 
Schweigger,  306,  461,  578 
Scissors-like  movement,  150,  758 
Sclera,  anatomy  of,  32 
congenital  anomalies  of,  361 
degenerations  of,  373 
diseases  of,  361 
ectasiie  of,  364,  366 
examination  of,  92 
foreign  bodies  in,  370 
in  fundus  picture,  61 
injuries  of,  368 
treatment  of,  369 
large  paracentesis  of,  590 
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Sclera,  leprosy  of,  373 
melanosis  of,  361 
metastatic  abscess  of,  373 
mycosis  of,  373 
operations  upon,  373 
osteoma  of,  361 
perforating  wounds  of,  368 
perforation  of,  during  tenotomy,  685 
pigmentation  of,  361 
protrusions  of.  366 
rupture  of,  368,  369 
silver  staining  of,  373 
syphilis  of,  373 
telangiectasis  of,  361 
trephining  of,  593 
tubercle  of,  373 
tumors  of,  361 
wounds  of,  368 

Scleral  puncture  in  detachment  of  retina,  525 
ring,  57 

staphylomata,  366 

wounds,  infected,  cauterization  in,  370 
Scleritis,  364 
deep,  364 
pathology  of,  365 
superficial,  361 
treatment  of,  366 
Sclero-chorioidal  canal,  741 
Sclerocyclotomy,  590 
Sclerokerato-iritis,  364 
Scleronyxis,  462 
Sclero-optic  neurectomy,  611 
Sclerosing  keratitis,  364 
Sclerosis  of  corneal  limbus,  340 
of  the  retina,  517 
Sclerotica.  See  Sclera. 

Sclerotomy,  590 
anterior,  591 

in  detachment  of  retina,  525 
in  glaucoma,  590 
posterior,  592 
Scopolamin,  95,  133,  869 
Scotoma,  central,  127 
false,  127 
negative,  127 
paracentral,  127 
positive,  127 
ring,  127 
scintillans,  557 
true,  127 
Scott,  226 

Screen  test  for  heterophoria,  682 
for  strabismus,  114 
Scrofulous  keratitis,  320 
ophthalmia,  272 
Seabuook,  283 
Seborrhea,  180,  185 
of  eyelids,  180 
of  palpebral  margins,  185 
“Second  sight,”  440 
Second  principal  focus,  62,  713 
Secondary  deviation,  660 
axis  of  a lens,  704 
of  a mirror,  696 
eversion  of  eyelid,  89 
eye-cup  and  eye  membranei , 4 
focus,  702 

positions  of  eyes,  73 
Secondi,  315 
Sections,  cutting  of,  8-6 
Seebeck,  128 
Seeley,  351 
Senile  cataract,  439 
iritis,  389 
Senn,  619 
Sensory  refle  \ 06 
Septum  crb.+a*\  26 
Serous  cycliti.-  333,  388,  406 
iritis,  333,  384 

Serpigii  ous  syphilide  of  eyelids,  173 
ulc-'f  > f cornea,  311 
SERfMA.  \,  536 

S ven  h i erve,  paralysis  of,  672 
Sln^w,  or  umbra,  695 
test,  144-151 
Sharkey,  645 
SHARP,  460 

Shastid,  T.  H.,  chapter  contributed  by,  839 
Sheath,  Bonnet’s,  12 
Sheuer,  544 


Sherrington,  782 

Shoemaker,  W.  T.,  chapter  contributed  by, 
616 

Shumway,  487 
Sichel,  525 
Siderophone,  156 
Sideroscope,  153 
Siderosis  of  conjunctiva,  290 
of  cornea,  341 
of  eyelids,  167 
SlEGRIST,  498 
SlLCOCK,  419 

SILEX,  239,  305,  507,  509,  510 
Silver  preparations,  874 
Silvestri,  307 
Simon,  R.,  305 
Simple  conjunctivitis,  251 
granular  conjunctivitis,  257 
hypertrophy  of  lacrimal  gland,  220 
keratomalacia,  318 
optical  system,  62 
ulcer  of  the  cornea,  309 
Simulated  amblyopia,  556 
blindness,  tests  for,  151,  844 
Simulation  and  false  pretence,  tests  for,  844 
Sinus,  cavernous,  thrombosis  of,  637 
Sinuses,  affections  of,  635 
Sixth  nerve,  19 
radiations  of,  50 
Skiascopy,  144 
in  astigmatism,  148,  760 
in  emmetropia,  148 
in  hypermetropia,  14S 
in  myopia,  148 

scissors-like  movement  in,  150,  758 
with  concave  mirror,  145,  147 
with  plane  mirror,  150 
Skin  diseases  of  eyelids,  160 
Skin-grafting,  Le  Fort’s  method  ui,  217 
Reverdin’s  method  of,  21" 

Thiersch’s  method  of,  217 
without  a pedicle,  216 
Skin-reflex,  96 

Skin-transplantation.  s ::  Blepharoplasti/. 
Small-pox.  See  Va,  rot, 

Smith,  Eugene,  341,  394,  401,  458,  460 
Smith,  Henuy,  1-60 

Smith,  PRiasTLtv,  51,  93,  113,  114,  125, 
497,  362,  563,  S20 
metho  * of  measuring  strabismus,  114 
Snell,  A C.,  378 
Snell  135,  242,  674 
Sneli  en.  102,  119,  120.  151,  201,  203,  204. 

235,  304,  316,  345,  5S3 
operation  for  ectropion,  207 
fir  entropion,  204 
+e,t-types  of,  119,  120 
"now-blindness,  514 
Sc  amin,  542 

Sjbotta,  illustrations  from,  13,  14 
Sodium  chlorid,  302 
citrate,  302,  563,  576,  577,  578 
hyposulphite,  351 
Solid  edema  of  eyelids,  169 
Solitary  tubercle  of  chorioid,  418 
of  iris,  380 
Sourdille,  269,  538 
Spalding,  646 
Space,  perineural,  IS 
Tenon’s,  11 
Spaces,  corneal,  30 
of  Fontana,  31,  41 
Spasm  of  accommodation,  731 
of  ocular  muscles,  674 
of  orbicularis,  189 
of  retinal  vessels,  489 
Spasmus  nutans,  788 
Spastic  ectropion,  280,  457 
enophthalmos,  643 
miosis,  772 
strabismus,  674 
Specific  keratitis,  321 
Spectacles,  care  of,  818 
Spectral  colors,  82,  128 
Specula,  695 
Sphenoidal  fissure,  9 
sinus,  diseases  of,  635 
Spheno-maxillary  fissure,  10 
Spheno-palatine  ganglion,  19 
Spheric  aberration,  714,  750 
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Spheric  lenses,  702 
Sphincter  of  the  iris,  o4 
pupillse,  34 
Sphincterectomy,  400 
Spicer,  640 
Spiller,  672,  782 

Spinal  curvature  and  astigmatism,  (56 
miosis,  783 

Spirochieta  pallida,  324 

SPITZER,  50  , _ a frrr' 

Spongy  exudation  into  anterior  chamber,  40  ( 

iritis,  385  .,_a 

Spontaneous  gangrene  of  eyelids,  1<J 
rupture  of  eyeball,  418,  o<y 
Sporotrichosis,  _of  conjunctiva,  2J1 
of  eyelid,  165 
of  iris,  381 

Spring  conjunctivitis,  260 
Springing  mydrasis,  95 
Spurious  optic  neuritis,  530,  oil, 

Squint.  See  Strabismus. 

Staining  of  eye  sections,  8-6 
Standi sh,  Myles,  268 
Staphylectomy,  356 
Staphylococci  in  corneal  ulcers,  3UJ 
Staphyloma,  annular,  42o 
anterior,  304 

Srtthericornea7'3042j300t°309.  341,  342,343, 
346,  356 
congenital,  304 
diagnosis  of,  343 
fistulous,  346 
operations  for,  356 
partial,  341,  342 
pellucidum,  344 
prognosis  of,  343 
symptoms  of,  342 
total,  341,  342 
treatment  of,  343,  356 
of  the  sclera,  366,  42o,  <4o 
anterior,  366 
equatorial,  366 

posterior,  of  von  Ammon,  36  ( 
of  Scarpa,  367,  745 
total,  367 
treatment  of,  368 
Starkle,  525 
Static  refraction,  711 
Statometer,  102 
Staunngspapille,  533 
Steatoma  of  eyelids,  ISO 
Steiner,  280 

Stellwag,  216,  304  n 

sign  in  exophthalmic  goitre,  87,  645,  730 
Stenopeic  slit,  109 
spectacles,  34o,  760 
Stereoscope,  679 
Stereoscopic  tests,  152 

Stephenson,  225,  255,  257,  258,  281,  284 
290,  300,  325,  327,  521 
Sterilization  of  dressings,  800 
of  instruments,  799 

Sternberg,  251  „ . . , . ino 

Stevens,  classification  of  heterophonas,  102 
clinoscope,  113 
method  of  tenotomy,  689 
phorometer,  107 
tropometer,  111,  112 
Stieren,  406 
Stilling,  234 
Stillson,  525 

Stimulus,  minimum,  of  retina,  81 
of  light  sense,  127 
Stirling,  578 
StOlting,  583 
Story,  527,  605,  646 
Stovain,  872 
Strabismometer,  116 

771,  780 

alternating,  675 
amblyopia  in,  t<5 

angle  of,  6. ”7  . 

angular  method  of  measurement  of,  6< 
comitant  c in\  ergent,  675 
diver  jent,  6J6 
conv'  rg  ‘n*,  675 
cam  es  of,  675,  676 


Strabismus,  convergent,  educative  treatment 
of,  679  „ 

in  hypermetropia,  676,  (31 
operative  treatment  of,  680 
orthoptic  training  of,  679 
spectacle  treatment  of,  6*9 
tenotomy  in,  680 
treatment  of,  679 
results  of  tenotomy  in,  68U 
deorsumvergent,  674 
divergent,  676 
etiology  of,  -675 
in  hypermetropia,  6 <6,  731 
in  hysteria,  794 
in  myopia,  745  . 

latent.  See  Heterophoria . 
measurement  of,  113,  67 1 
monocular,  675 

operative  correction  of,  68U,  68  ( 
orthoptic  treatment  of,  679 
paralytic,  660  . p„r  mo 

diagnosis  of  affected  eye  in,  OOo,  668 
diplopia  in,  660 
etiology  of,  668 

false  muscular  projections  in,  668 
field  of  fixation  in,  662 
from  injury,  670 
general  symptoms  of,  660 
images  in,  664 

limitation  of  ocular  movements  in,  662 
method  of  examination  in,  663 
of  basal  origin,  671 
of  central  origin,  668 
of  nuclear  origin,  669,  6<0 
of  orbital  origin,  672 
of  peripheral  origin,  6(1 
position  of  head  in,  663 
primary  deviation  in,  660 
projection  of  false  image,  661 
prognosis  of,  672 
secondary  deviation  in,  66U 
special  symptoms  of,  66o 
table  of  diagnostic  symptoms  of,  665,  Cob, 
667 

treatment  of,  672 
turning  of  head  in,  663 
vertigo  in,  663 
periodic,  675 

permanent  alternating,  6 < o 
monocular,  675 
results  of  tenotomy,  68** 
spastic,  674 
sursumvergent,  ^674 
treatment  of,  679 
varieties  of,  675 
Streatfeild,  221 

Streptococci,  in  <orn?al  ulcers,  8uy 
Striate  keratitis,  33S 
retinitis,  51S 
Stricker,  50 
Striped  k^iU.tis,  338 
Strosch  hn  fiask,  24  < 2p0 

Strurr  ov3  keratitis,  320,  321 
ophihalmia,  272 
St.VLhnm  in  heterophoria,  6So 
?ti  ocular  paralysis,  672,  6(3 
ii . optic-nerve  atrophy,  547 
Sirzeminski,  182,  267 
Stye,  166 

Style,  lacrimal,  230 
Subacute  conjunctivitis,  2u6 
Subconjunctival  cysts,  242 
ecchymosis,  293 

hemorrhage,  293  

injections,  302,  455,  o(7,  5(9 
lipoma,  240  . 

Subcutaneous  incision  in  ectropion,  213 
Subhyaloid  hemorrhage,  494 
Subjective  sensations  of  light.  See  Photopsia. 
Sublimate  for  fixing  eye  specimens,  82- 
Subretinal  cysticercus,  488 
echinococcus,  489 
Substantia  propria,  30 
Suction  operation  for  cataract,  460 
Sudamina,  179 
Suker,  351,  462 
Sulcus  sclerse,  30 
Sulphate  of  copper,  262,  283,  8<5 
Superficial  punctate  keratitis,  333 
scleritis.  361 
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Superior  cervical  ganglion,  19 
check  ligaments,  17 
encephalitis,  786 
oblique  muscle,  14 
paralysis  of,  666 
rectus,  paralysis  of,  665 
Suprarenal  capsule,  extract  of,  873 
Supravaginal  space,  56 
Suppuration  after  cataract  extraction,  455 
Suppurative  chorioiditis,  429 
dacryocystitis,  226 
iritis,  385 
keratitis,  307 
Supra-orbital  foramen,  9 
Surface  needling  of  cornea,  351 
Surgeon,  qualifications  of,  796 
Sursumduction,  109 
Sursumvergence,  109 
Suspensory  ligaments  of  lens,  53 
SOsskind,  222 
Sutpiien,  525 

SWANZY  319,  336,  496,  514,  645,  770 
Sweet,  99,  153,  371  ’ 

method  with  x-rays,  153 
Sycosis  tarsi,  185 

Symblepharon,  158,  190,  218,  293  295 
operations  for,  Arlt’s,  29S 
Harlan’s,  298 
Knapp’s,  298 
Teale’s,  298 
skin  grafts  in,  29S 

transplantation  of  rabbit’s  conjunctiva  in, 
treatment  of,  298 

Sympathetic  affections,  conditions  producing, 

eye  diseases,  594 
fibrinous  uveitis,  599 

ganglion,  superior  cervical,  anatomy  of  19 
excision  of,  586 

inflammation.  See  Sympathetic  ophthalmi- 

irritation,  594,  595 
causes  of,  594 
diagnosis  of,  596 
prognosis  of,  597 
symptoms  of,  595 
treatment  of,  597 

nerve,  changes  in,  in  glaucoma,  565 
ophthalmitis,  458,  598 
bacteria  theories  of,  603 
causes  of,  598 
ciliary-nerve  theory  of,  603 
combined  theories  of,  603 
enucleation  in,  604 
exenteration  (evisceration)  in,  604 
following  cataract  extraction,  458 
immunity  to,  613 
optic-nerve  theory  of,  603 
pathogenesis  of,  602 
pathology  of,  601 
period  of  latency  in,  598 
prognosis  of,  601 
prophylaxis  of,  604 
symptoms  of,  598 
toxin  theories  of,  603 
treatment  of,  604 
papilloretinitis,  601 
Sympatheticectomy,  5SG 
Sympathizing  eye,  594 
Synchysis  corporis  vit . d ^77 
etincelant,  477 
scintillans,  477 
sparkling,  477 
Syndectomy,  C01 
Synechia,  annu.'ar  posterior,  387 
anterior,  30C 
division  ot,  394 
posterior,  ,383 

Syphilis  173,  291,  341,  385,  405,  426  501 
^ ’•  539,  546,  630,  631,  637 

u chorioid,  426 
Oi  ciliary  body,  405 
of  i 'iijunctiva,  291 
of  cornea,  341 
f eyelids,  173 
of  iris,  385 

of  optic  nerve,  536,  539,  546 
of  orbit,  630,  631,  637 
of  retina,  501 


Syphilis  of  sclera,  373 
Syphilitic  arteritis  of  the  retina,  501 
chorioidoretinitis,  426 
hemorrhagic  retinitis,  501 
lesions  of  conjunctiva,  291 
perivasculitis  of  the  retina.  501 
retinitis,  500,  501 
teeth,  322,  323 
Syringomyelia,  788 
Syrup  of  iodid  of  iron,  274 
Szokalski,  305 
Szymanowski,  212,  215 

Tabes  dorsalis,  amaurosis  in,  784 
anisocoria  in,  783 
chronic  ophthalmoplegia  in  670 
epiphora  in,  784 
field  of  vision  in,  784 
fourth-nerve  paralysis  in,  770 
iridoplegia  in,  99 
ocular  ataxia  in,  784 
optic-nerve  atrophy  in,  784 
paradoxic  pupillary  reflex  in,  773 
paralytic  miosis  in,  673,  772 
paresis  of  ocular  muscles  in,  784 
pupillary  reaction  in,  98,  773  783 
Robertson  pupil  in,  98,  783 
seventh-nerve  paralysis  in,  770 
third-nerve  paralysis  in,  770 
Table  showing  abbreviations  used  in  ophthal- 
mology, 709 

amplitude  of  accommodation  at  v*  is 
ages,  766 

axial  lengthening  in  myopia,  7l(^ 
shortening  in  hypermetropia  "2i> 
dimensions  of  the  crystalline  Ka  51 
indices  of  refraction,  700 
lens  measurements  in  fa-  vision,  715 
in  near  vision,  715 
measurements  of  reduced  eye,  65 
of  schematic  eye  71 1 
refracting  power  of  the  ocular  surfaces 
< 14  * 

values  and  rela.ioLs  uf  centrads,  702 
Tables,  diagnostic.  See  Differentiation. 

TAGMACcozzir ‘216  e-  -'Pbthalmic  goitre,  791 
Tala mon  25. 

Tangent  s~aie,  ±05 
Tansley,  19S 
opera  .or  ptosis,  198 
Tapetim,  )9 
Tarsal  a"„h,  28 
pl"te,  26 
tumor,  1S1 
Tarsi,  24,  26 
’i-'rsitis,  162 
Ta  so-orbital  fascia,  26 
^orsorrhaphy,  188,  201 
operations,  201 
Tarsus,  26 
inflammation  of,  162 
removal  of,  299 

Tattooing,  accidental,  of  skin,  167 
of  cornea,  351,  359 
Tay,  Waken,  424,  512,  787 
chorioiditis  of,  426 

TearJ-stoneP223i0n  f°F  symblePharon.  298 
Teeth,  notched,  323 
pegged,  323 
Teichopsia,  557 
Tendo  oculi,  26,  235 
Tendon  folding,  691 
Tenonitis,  634 
after  tenotomy,  688 
Tenon’s  capsule,  anatomy  of,  11 
advancement  of,  691 
inflammation  of,  634 
space,  11 
Tenotomy,  687 

accidents  during,  687 
complete,  680,  687 
complications  after,  687 
graduated,  688 
in  heterophoria,  689 

iD  C0686gent  comitant  strabismus,  680, 

in  divergence  excess,  686 
in  heterophoria,  689 
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Tenotomy  in  myopia,  747 
in  strabismus,  6S0 
of  inferior  oblique  muscle,  6S9 
Tension,  intra-ocular,  100,  562 
determination  of,  by  manometer,  101 
effect  of  irritation  of  fifth  nerve  on,  502 
of  miotics  on,  575 
of  mydriatics  on,  132 
of  sympathetic  nerve  on,  562 
examination  of,  100 
in  cataract,  446 
in  detachment  of  retina,  523 
in  glaucoma,  563 
in  iritis,  383 

normal  intra-ocular,  101,  562 
periodic  variations  of,  in  glaucoma,  572 
Tensor  chorioideae,  38 
Tepljaschin,  173 
Teratomata,  619 
Terson,  359 

Tertiary  positions  of  the  eyes,  73 
Tessellated  ' fundus,  39,  568 
Test-types,  Burchardt’s,  122 
Monoyer’s,  120 
Snellen’s,  120 
Wallace’s,  119,  120 
Tests  for  acuity  of  vision,  119 
color-sense,  128 
dissimulation,  848 
exaggeration,  848 
false  attribution,  846 
muscle-balance,  103,  681 
ocular  paralysis,  663 
simulated  blindness,  151,  844 
Testut  and  Jacob,  illustration  from,  18 
Tetany,  788 

Thalamus  opticus,  41,  773 
Theobald,  probes  of,  229,  235 
THEODOR,  DUKE  CARL,  507 
Theories  of  accommodation,  718 
of  light,  692 

Therapeutic  iridectomy,  392,  397,  584^ 
Therapeutics,  notes  on  ophthalmic,  867 
Thiersch,  211,  213,  214,  217,  299 
method  of  skin-grafting,  21S 
Thionin  stain,  836 
Thiosinamin,  251 
Third  nerve,  anatomy  of,  17 

involvement  of,  in  conjugate  lateral  paral- 
ysis, 771 

paralysis  of,  667,  769 
radiations  of,  50 
recurrent  paralysis  of,  672 
Thomas,  496 
Thomas,  H.  G.,  563,  577 
Thompson,  J.  H.,  255,  2S3 
Thomsen’s  disease,  789 
Thomson,  138 

Thrombosis  of  cavernous  sinus,  6o2,  63  < 
of  central  retinal  artery,  498 
vein,  498 

of  emissary  vein  of  Santorini,  638 
of  ophthalmic  vein,  638 
Tilley,  635 

Time  for  ophthalmic  operations,  <9S 
Tinea  tarsi,  185 

Tinted  glasses  in  neurasthenia,  <92 
Tobacco  amblyopia,  542 

Todd,  artificial-vitreous  introducer  of,  611 
Tonometers,  101 
Tonsure  of  the  cornea,  301 
Toric  lens,  704,  707 
Tornatola,  4 
Torsion,  73,  658 
measurement  of,  113 
Total  prolapse  of  iris,  309 
staphyloma  of  cornea,  34°. 

Toxic  amblyopias,  542 
Trachoma,  277 
acute,  279 
bodies,  277,  279 
canthoplasty  in,  202 
canthotomy  in.  20° 
chronic,  278 
coccus,  277 
complication  of,  280 
conditions  avi  "ing,  278 
contagicaMit^o  of,  278 
copper  .r  t eatment  of,  283 
cornel  opacities  after,  280 


Trachoma,  definition  of,  277 
diagnosis  of,  281 
etiology  of,  277 
excision  in,  283,  299 
expression  in,  283,  300 
follicles,  279 
follicular,  257 

forceps,  Knapp’s  roller,  300 
forms  of,  278 

geographic  limitations  of,  278 
granular,  278 
grattage  in,  283,  301 
ichthyol  in  treatment  of,  283 
iodin  in  treatment  of,  283 
iodic  acid  in,  283 
jequirity  in,  284,  328 
micro-organisms  in,  277 
mixed,  280 

operative  treatment  of,  299,  300,  301 
pannus  in,  327 
papillary,  278 
pathology  of,  281 
periectomy  in,  284,  301 
peritomy  in,  301 
prognosis  of,  282 
prophylaxis  of,  282 
„ racial  susceptibility  to,  278 
radium  in,  284 
sequelae  of,  280 
silver  in  treatment  of,  2S3 
strong  bichlorid  solutions  in,  301 
treatment  of,  282 
vegetable  fungus  in,  277 
x-rays  in,  284 
Transfixion  of  the  iris,  400 
Transillumination  of  the  eye,  157,  417 
Transplantation  of  cornea,  360 
of  margin  of  eyelid  and  cilia,  202 
of  pterygium,  296,  297 
of  skin  in  blepharoplasty,  214,  216 
with  a pedicle,  214 
without  a pedicle,  216 
Trans-scleral  illumination,  157,  41  < 
Transverse  film  of  the  ^cornea,  334 
Traumatic  cataract,  445,  464 
irideremia,  395 
neuroses,  795 

retinitis,  521  _ . , 

Tremulous  iris,  396.  See  Imuodonesis. 
Trephining  of  the  cornea,  360 
of  the  sclera,  593 
Trial  case,  709 
-frame,  120,  121 
Trichiasis,  190,  202,  280 
after  trachoma,  2hr» 
operations  for,  202 
treatment  of,  11  0,  /102 
Trichosis  caruncuiJ\  296 
Tripier,  230 
Trochlea,  14 
Troncoso,  5bD 
TropacoCi  in,  S72 
Tropo'iit'i.ei,  111 

Ui.e  'i,  11^ 

Tlv^L;^ Se.AU,  359 

Tetk\  131  ^ 

Tsi  herning  66,  550,  <14,  <19 
Tubercular  diseases.  See  Tuberculosis. 

meningitis,  780 
Tuberculin  injections,  380 
tests,  86 

Tuberculosis,  diagnostic  tests  for,  ob 
of  chorioid,  412 
of  conjunctiva,  289 
of  cornea,  341 
of  eyelids,  172 
of  iris,  380,  386 
of  lacrimal  gland,  220 
of  retina,  527 

of  sclera,  373  

Tumors,  intra-ocular,  3<<,  404,  414,  4o2 
of  brain,  508,  780,  781,  782 
of  caruncle,  296 
of  cerebellum,  534,  782 
of  chorioid,  414 
of  ciliary  body,  404 
of  conjunctiva,  239 
of  cornea,  304 
of  iris,  377 
of  lacrimal  gland,  221 
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Tumors  of  optic  nerve,  530 
of  orbit,  619 

Tunica  vasculosa  Halleri,  39 
lentis,  3 
Tweedy,  643 
Tylosis,  186 

Tyrrell,  drilling  operation  of,  461,  600,  605 

Uhthoff,  303,  307,  504,  505,  555,  771,  772. 

783 

Ulcer  of  the  conjunctiva,  292 
Ulcer  of  the  cornea,  305,  308 
aspergillar,  330 
atheromatous,  311 
atrophic,  311 
bacillus  pyocyaneus,  311 
bullous,  329 
central,  310 
chiseled,  311 
creeping,  311 
dendritic,  311,  331 
ditch,  311 
herpetic,  336 
internal,  324 
lagophthalmic,  317 
malarial,  331 
marginal,  337 
Mooren’s,  310 
neuroparalytic,  316 
phlyctenular,  320 
ring,  310 
rodent,  310 
round  central,  310 
serpiginous,  311 
simple,  309 
traumatic,  351 
variolar,  276,  312 
xerophthalmic,  318 

Ulcer  of  the  eyelid,  161,  162,  163,  166  172 
173,  174,  176,  177  179,  183,  1S4 
Aleppo  boil,  161 
amboyna  button,  161 
anthrax,  162 
blastomycetic,  166 
herpetic,  163 
Jacob’s,  177 
leprous,  174 
phagedenic,  179 
rodent,  176,  177 
syphilitic,  173 
tubercular,  172 
Ulcus  cornea?  serpens,  311 
Ulrich,  554,  555 
Umbra,  695 

Unilateral  reflex  iridoplegia,  99 
Upper  cul-de-sac,  excision  of,  299 
Uratic  conjunctivitis,  276 
Uremic  amaurosis,  552 
Uridrosis,  179 
Urticaria,  160 
Use  of  miotics,  134 
in  glaucoma,  575 
mydriatics,  132 
Uveal  tract,  33 
Uv§ite  irienne,  390 
differentiation  from  iritis,  , 90 
treatment  of,  394 
Uveitis,  anterior,  364 
fibrinous,  599 
serosa,  599 

Vaccinia  of  conjunctive  384 
of  eyelids,  184 
Vail,  D.  T.,  539 
Validol,  558 
Vallde,  131  334 
Van  Bambcki'  3 
Van  der  Ho^Ve,  636 
Van  Flee'i  197 
Van  G eson  s stain,  830 
Varieel.a  of  conjunctiva,  284 
o*  e>  ? ids,  184 

varkose  veins  of  eyelids,  170 
V.rio.a,  183,  276,  312 
Vai.olar  conjunctivitis,  276 
ulcers  of  cornea,  276,  312 
/ascular  coat  of  the  eye,  33 
growths  in  iris,  380 
keratitis,  325 
systems  of  the  eye,  90 


Vasculitis,  retinal,  490 
Vaso-motor  nerves,  60 
Veasey,  177,  178,  252,  379 
Vein,  inferior  ophthalmic,  22 
superior  ophthalmic,  21 
Veins  of  eyelids,  28 
of  iris,  36 
of  orbit,  21 
Venae  vorticosae,  39 
in  glaucoma,  568 
Venous  pulsation,  59 
Veratrin  ointment,  190 
Verdese,  307 
Verhoeff,  108 
Vernal  conjunctivitis,  260 
Verruca  of  eyelid,  168 
Verrucosities  of  optic-nerve  head,  532 
Vertex  of  a mirror,  696 
Vertigo,  663 
from  ocular  palsy,  663 
Vesicular  catarrh,  254 
V incentiis,  225,  281/291 
Virchow,  429 
Virtual  focus,  693 
image,  703 

Vision,  abnormalities  of  field  of,  775 
binocular,  75 
clearness  of,  81 
direct  and  indirect,  79 
field  of,  77 

false  projection  of  field  of,  in  paralytic 
strabismus,  661 
method  of  testing,  125 
Bjerrum’s  method  of  ascertair  ng  £?ld 
of,  126 

color-field  of,  78 
in  glaucoma,  572 
in  hysteric  amblyopia,  55Q  "93 
in  optic-nerve  atrophy,  5*5 
in  retinal  anesthesia, 
for  colors,  78 

iridescent,  in  glaucoma,  507 
measurement  of,  131 
method  of  ascertain  ing  held  of,  124 
normal  acutener,s  >f,  119 
rods  and  cones  in,  79 
testing  ac  uem  ss  ,l,  119 
Visual  acu  ty,  6 '» 
testing  c*.  11  9 
amntsia,  7ib> 
angle,  65,  120,  716 
anomia,  779 
an  a,  £ 2 

dunams  showing,  42 
-'xes,  non-paralytic  deviation  of,  674 
centre,  82 
p.onomics,  848 
field,  77 
defects  of,  126 
hallucinations,  777,  779 
line,  68,  714 

rotation  of  eyeball  around,  73,  658 
purple,  80 
radiations,  82 
rods  and  cones,  46,  79 
sensations,  duration  of,  80 
tract,  773 
Vitiligo,  170 

Vitreous  body  or  humor,  anatomy  of,  54 
animal  parasites  in,  478 
artificial,  611 

blood-vessel  formation  in,  479 
chemical  composition  of,  55 
cholesterin  in,  477 
coloboma  of,  473 
corpuscles  of,  55 
cysticercus  of,  478,  487 
degeneration  of,  in  myopia,  741 
detachment  of,  480,  741 
development  of,  3 
diseases  of,  473-4S0 
dust-like  opacities  of,  475 
entozoa  in,  478 
examination  of,  100 
fibrillae  of,  55 
filaria  sanguinis  in,  478 
fluidity  of.  477,  741 
foreign  bodies  in,  480 
formation  of  new  vessels  in,  479 
hemorrhage  into,  476 
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Vitreous  body,  hyalojd  membrane  oi,  5d 
inflammation  of,  473 
loss  of,  453 
membranes  in,  ^480 
opacities  of,  475 
causes  of,  475 
in  chorioiditis,  422 
treatment  of,  476 
parasites  in,  478 
prolapse  of,  453 
purulent  inflammation  of,  4 <4 
spontaneous  hemorrhage  into,  476 
inflammation  of,  474 
suppurative  inflammation  of,  474 
VOLKMANN,  302 
Voluntary  iris,  95 
Von  Ammon,  201,  207,  210,  36 < 

Von  Gkaefe,  Albkecht,  87,  96,  lOo,  2U1, 
324  3S0,  436,  525,  53o,  536,  584, 

644’,  645,  681,  J90 
dot  and  line  test,  105 
equilibrium  test,  681 
lid-closure  reflex,  96 
operation  for  glaucoma,  584 
ptosis,  196 

sign  in  exophthalmic  goitre,  S<,  644,  64o, 
790 

tarsorrhaphy,  201 
theory  of  papillitis,  536 
Von  Hipfel,  158,  324,  360,  So7 
Von  HGlder,  651  0 

Von  KOlliker,  illustrations  from,  2,  o 
Von  Langenbeck’s  operation,  209 
Von  Michel,  277,  324,  380,  498 
Von  Pirquet,  86 
Von  Prowazek,  277 
Von  Reuss,  156,  793 
recuperative  extension  field  of,  <93 
Vossius,  53,  323,  339,  742,  750 
Von  Szili  A.,  JR.,  35 
Vrolik,  471 

Wage n mann,  324 
Wagner,  478,  505 
Waldeyer,  glands  of,  27 
Waldeyer  and  Schroeter,  2 o 
Wallace,  120,  664 
test-type  of,  119,  120 
Walter,  522 

Walzberg,  illustration  from,  171 
Wandering  cells,  31 
Warburg’s  tincture,  392 
Wardrop,  240 
Warts  of  the  eyelids,  168 
Washing  of  eye  specimens,  S22 
Watch-glass  in  purulent  conjunctivitis,  26 o 
WATSON,  361 
Weber,  234,  307,  311 
WEEKS,  252,  339,  508,  642 
bacillus,  256 
Wehrle,  312,  315 
WEICHSELBAUM,  251 
Weidler,  230 
Weigert’s  method,  833 
stain,  830 
Weinbaum,  578 
Weiss,  29,  677 
WELLS,  POULETT,  335 
Wenzel,  461,  748 

WERNER,  668,  669  ^ 

Wernicke’s  pupillary  symptom,  98,  ..7 
WERNIvE,  225 
West,  644 

Westcott,  C.  D.,  305 
WESTPHAL,  795 
Westphal-Piltz  reaction  9 o 
WHITE,  467 

WlCHERKIEWICZ,  208,  o30 

Wickham,  247 


Wiener,  291 

W ILBRAND,  644,  645,  646,  793 
exhaustion  field,  793 
Wilder’s  operation  for  ptosis,  197 
Williams,  128 
Wilson,  484 
WlNSELMANN,  525 
WINTERSTEINER,  482,  485 
Wolfe,  526 
Wolff,  471 
Wolff-Eisner,  86 
Wolffberg,  test-type  of,  122 
WOLFNER,  330 
WOLLENBERG,  528 
WOOD,  C.  A.,  379,  430 
Woods,  H.,  427 
Woolhouse,  401 
Word-blindness,  779 
Word-dumbness,  779 
WORTH,  C.,  676,  689,  690 
Wounds  and  injuries  of  chorioid,  433 
of  ciliary  body,  409 
of  conjunctiva,  294 
of  cornea,  351 
of  crystalline  lens,  471 
of  eyeball,  370 
of  eyelids,  293 
of  iris,  394 
of  optic  nerve,  560 
of  orbit,  648 
of  retina,  521 
of  sclera,  368 
Wright,  R.  A.,  283 
WOrdemann,  157,  304 

Xanthelasma  of  the  cornea,  341 
Xanthoma,  172 
of  conjunctiva,  291 
Xanthopsia,  556,  559 
Xeroderma  pigmentosum,  171 
Xeroform,  262 
Xerophthalmos,  288 
Xerosis,  280,  288 
bacillus,  269,  271 
epithelial,  288 
of  conjunctiva,  288,  31S 
parenchymatous,  2S8 
Xerotic  keratitis,  318 
X-rays  in  blastomycetic  dermatitis,  lob 
in  detecting  foreign  bodies,  153 
in  epithelioma  of  ey^nC"*,  17 7 
in  granular  conjunctive  , .’83 
in  keloid  of  eyelid,  . 74 
in  tuberculosis  vf  conjunctiva,  290 
in  tumors  of  the  'irbit,  621 
Xylol,  825 

Yaws,  161 

Yellow  oirtrient  in  blepharitis,  1S7 
oxid  ci  ra^jury,  187,  274,  321 
spot,  42 
Yu  ST,  1 10 

/Ei'ENDER,  347 
7ets'S  glands,  27,  166 

l Zellweger,  378  ..  3 . _Kry 

Zentmayer,  W..  chapter  contributed  by,  657 
Ziegler,  341,  401,  555 
method  of  iridotomy,  401 
Ziem,  278 
Zinc  chlorid,  256 
sulphate,  875 

Zonula  of  Zinn,  5,  36,  54,  66 
anatomy  of,  54 
development  of,  5 
Zonular  opacity  of  the  cornea,  334 
Zoster.  See  Herpes  zoster. 

Zur  Nedden,  309 
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Electric  Cataract— Walter  S.  Franklin  and  Frederick 
C.  Cordes,  San  Francisco  (Journal  A.  M.  A.,  July  25, 
1925),  emphasize  this  point:  In  dealing  with  electrical 
burns  about  the  face  and  eyes,  the  possible  development 
of  a cataract  must  be  considered  for  a period  of  two 
years.  In  industrial  cases,  this  possibility  should  be  re- 
ported. The  lenticular  changes  of  an  electric  cataract 
are  rather  characteristic,  the  anterior  cortex  together 
with  the  deeper  layers  of  the  lens  being  involved.  The 
opacities  as  a rule  are  flaky,  although  sometimes  finely 
granular.  The  voltage  causing  electric  cataract  may  vary 
from  220  to  50,000  volts.  The  eye  nearest  the  site  of  the 
burn  usually  shows  the  most  marked  changes.  Electric 
burns  may  cause  serious  changes  in  the  globe  without  the 
production  of  a cataract. 


